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COMPLETE SPECIFICATION

Process for the Catalytic Hydrogenation of Carbon Monoxide
with Water Vapour

We, RIBINPREUSSEXN

is described a process for the production of
hydrocarbons from carboy oxides. and hydro-
Bed in which contact masses are wsed whioh

e

the main metal in which is a memher of the
eighth group. of the periodic system, the
activity of

the catalyst drops after a shogt

C3A13A3(AIC: BI:

ARTIENGESELLSCHAFT  contain in addition to copper, silver, pold, 45
FUER BERGBAU um CHEMIE, of Homberg/ zing in the memllic stazs or mixtures or
Niedershein, Germany, a German Joint Stock alloys of the same or oxides of copper, silver
Company, do bereby declare the invention, or gold which ate zeduced to metals under
3 for which we pray thar a patent may be the conditions of working, elementy of rhe
granted to us, and the method by which it is  8th group of the periodic system or their 50
o be performed, to he particularly described compounds, The contact masses which are
in and by the following statement: — particularly described comtain the rietals of
The mvention relares to a process for the the 8th group or their compounds in a mifngr
10 synthesis of hydrocarbons with or withewt the  proportion only, oue such contact mass oon-
synthesls of oxygen-containing organic com- sisting of 30 purts of copper oxide, 30 parts 55
pounds, from carbon monoxide and - water of silver oxide, € parts of cobalt oxide and 2
vapour, paris of chromic ovide, Tt is stated in s
It is known to produce hydrocarbons and prior specification that the hydroges nesded
16 DEygen-containing organic compounds from 2 for the reaction may also be geperated in the
mixture of carbon monoxide aud hydtogen  reaction vessel itsclf by wholly or partiaily 60
with the wse of suitable hydrogenation repiacing the hydrogen in the initial gas mix-
catdlysts. Metals of the 8th group of the nyes by water vapour,
periodic system, perticularly cobult, iron, Patent Specification No, 300, 294 describes
20 nickel and ruthenivm, have been wsed s 2 process for the manufachars of synthetic
catalysts with or without a suppork or carrier.  organic compounds by the reduction of 65
It i8 2lse known ta incorporate promoters in  carbon oxides in the presence of contact
such catalysts. masses which in eddition o iron, nickel or
Furthermore, it is koown to add wiater cobalt or their compounds, contain- cadminm
25 vapour to the carbon monoxide and bydrogen or thallium or their compounds or miztures
used 28 the feed gas in such processes, the of these substances. It s stated i this speci- 71
Waer vapour jn such circumstances being  fication that the hydrogen needed for the
generally recognised ay 3 dilueqt, reaction may be generated by the aid of the
: It is also known to produce methane from catalyst itself by wholly or partially replacing
30 a mixtwe of carbon monoxide apd WAr  the hydrogen in the inital gases by steam,
vapour in the presence of 2 nickel catalyst, In neither of these prior specifications is 75
In one such process it has been proposed 10 there any specific mention of the ratio in
use two stages, the carbon monoxide and which the carbon gxides and water vapour or
water vapour being reacted in the frst Stage  steam are 1o be used. The specific examples
35 to give an exit gas comprising carbon dioxide given in the two specifications efihier usa
- @nd hydrogen; water vapour is then removed  ager £as or a mixwre of carbon monoxide 80
from the exit gas of the first stage t0 provide and bydrogen in the ratio of 1:1. C
the feed gas of the sccond stage, in which Tt has now been found that in the produc-
stage the carbon dicxide and hyrirogen are ion of hydr{:ca:bons and/gr OXYEen-contain-
40 reaced iv give methane. - ing organic compounds from carben moncoxide
In Patent Specification No. 293,185 there and water vapour in the presence of a catalyst 85
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effective :in the  conversion of the carbon
monoxide, if the ratio of carbon monoxide
0 water vapour inn the feed gas is below 2.

This relatively rapid fall in the acrivity of -

the caralyst and in the conversion of -carbon
monoxide, may be avoided by using, as feed
gas, a mixture of carbon monoxide and water
vapour in which the zatio CO:H,0 is at
least 2.

According tv the inveniion, a process for
the synthesis of hydrocarhons with or with-
out the synthesis of oxygen-containing organic
compounds comprises contacting & mixture of
carbon monoxide und watcr vapour which
contains ar least two volwmes of carbon
monoxide per volume of warer vapour, with
a catalyst the main wmeiallic constituent in
which is 2 metal of the eighth group of the
perfodic system at a tempersture within the
range 150°—350° C. and ar a pressure within
the range from normal atmospheric pressure

to 100 atmasphtres gauge, the catalyst having

been activared before use by ireatment with
carbon monoxide and hydrogen at a tempera-

“wure within the range 150°-—350° C.

The preferrad temperature range for the
synthesis is 130°—280° C. The activation of
the catalyst may be carried out by first con-
tacting carbor monoxide with the catalyst and
thercafter contacting  hydrogen with  the
catalyst, or it may be carried our with 2
mixture of carhon monoxide and hydrogen.

The known hydrogenation catalysts for the

- Fischer~Tropsch synthesis, that is to say, the

metals of the eightly group of the periodic
system, such as cobalt, iren, nickel and
rathenium, may be used as catalysts, These
catalysts may be deposited on carriers such
kieselgubr, tale, dolomite, limestone,
activated- carbon, pumice or the like. Iro-

 moters nmay advantageously be added to the
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catalysts. Suftahle promoters are, for example,
the oxides, hydroxides and salts of alkali-
metals and alkaline earth metfals including
magnesinm; oxides difficult vo reduce, such;
for cxample, 25 thorfom: oxide and cerium
oxide; aluminimm  oxide and chromium
sesquioxide; and compounds of mangancse,
vanadinm, boron, copper, mickel, silver and
gold, It has been fonnd that those compounds
which are used for the activation of catalysrs
in the hydrogepation of carbon monoxide
according to the Fischer-Tropsch synthesis,
are particularly suitable for use as promoters
in the process according to the inventon.

' ‘The catalysts may be produced by pre-
cipitation from melal salr solutions with
alkali compounds; by decomposition of easily
decomposable metal compounds, such for
exmnple as the nitrates; by decomposition of
metal carhonyls, or by fusing the metals with
the addizien of oxygen. Vorthermore, com-
mercialty oblained waste products of the
metals in guestion miay be used, such for

example, with fron the so-called *“Lanta ™ or
* Lux ® mass, The pre-treaiment of the oxide

comalysts with 4 mixture of CO and H, can

be carried omr ar amospheric pressire and
at ‘elévated pressurcs up to approximataly 100
almospheres. ‘The pre-treatment with carbon
menoxide and subsegucnidy with hydrogen is
switably cffected ar atmospheric pressure or
at elevated pressures up to approximarely 20
atmospheres, Tn this case, the use of pres-
sutes higher than 20 atmospheres is detri-
mental, as the carbon monoxide tends o de-
compose with the formarion of carbon,

In the present process it is cssential to
transform the metal of the eiphth group in
the catalyst, prior o the synthesis and for
the purpose of activating the cazalyst, either
into the memllic condition or imo snch con-
dition where carbon enters Into o definite or
indefinite compound with these metals, such,
for example, as carhide. This pre-treaiment
of the caralysts is carried out at temperatures
of 150° C.~350° C. preferably at a tempera-
ture within the range 230° C~300° C, with
carhon monoxide and subsequently with
hydrogen or with a CO—H, mixture,

Ii 1y advanrageous to free the synthesis
gases prior to the reaction from catalyst
poisons such as sulphur, phosphorvs and the
like. It is farther essentizl w provide for a
substantially smiform and rapid removal of
the reaction heat in order to avoid an over-
heating of the catalyst. This may he done
in known masner.

The synthesis may be carried our in one
or more stages, und with recycling of the
synthesis gases, the carben monoxide/water
vapour ratio being advantageously adapted to
the acmml synthesis conditions after each
stage. The synthesis may be carried ont with
2 fixed bed catlyst, or with the catalyst sus-
pended in a suitable lignid medium, for
example, synthesis products of suirable boil-
ing range for cxample, 150° C.—350° C. It
Is forther possible to wse the camlyst in a
finely divided condivion and to maintain it
suspended in the reaction chambar by passing
the synthesis gas upwardly through the re-
action chamber,

The synthesis producrs may be separared
in known manner. The synthesis products
consist largely of hydroearbons having 1.—30
or more cathon atoms in the molecule,
Furthermore, oxygen-containing organic com-
pounds, such as alechols, aldehydes, ketones,
acids and ¢sters, may be commined in the
synthesis product,

The carbun dioxide present in the exit g5

may be separated in knawn manner, reduced

to catbon monoxide and retumed t the
synthesis, so that practically the total amount
of carbon used in the
abtained in the form of hydrocarhens of
Oxygen-containing organic compotmds.

The process of the inventon #5 llustrated

synthesis may be.
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in the following examples: — )
ExamrLE 1,
The catalyst used was an TFe-Cu-Kiesclguhs
catalyst which was alkalised with potassium
S carbonate, and which contained 100 parts of
iron, 10 parts of imagnesiom, 10 parts of
copper, 60 parts of Kieselguhr and 2 paris
K.CO,, all parls being by weight The
- catalyst was precipitated at boiling tempeta-
10 ture from an agueous solution of Fe(NO,),,
Mg(NG,), and Cu¥Q,), aftcr the addition
of the 60 parts of Kicselguhr, the stoichio-
metric quantity of sodium carbonate i
aqueous solution being used for the precipira-
15 tion. The precipitated mixiure was hoiled {or
a few minures, filtered and the precipitate
washed with 2 quantity of hoiling  veuter
amounting 1o 70 to 90 times the guansity of
the iron. The washed precipitate was then
RU made into a paste with a litiie water, blended
well with an aguevus solution of potassium
carbonate (2 parts by weight of K,CO, to
100 parts by weight Fe) and dried at 110° C,
The catalyst was then activated, For this
W purpose, a CO—H, mirture containing 2
volumes of H, per volame of CO was passed
over the catalyst for 24 hours at a tempera-
e of 270° ., at atuospheric pressute, and
at 2 space velocity of 100, that is 1o say 100
30 normal cubic metres of the CO—I, mixtares
per hour per cubic metre of catalyst,
A carbon monoxide-water vapour mixiure,
which contained 1 volume of water vapour to
2 volumes of CO, wus passed at atmospheric
3 pressure, at a temperatuwe of 235° C., and
at a space velocity of 20, that is to say 20
cubic metres of CO-waler vaporr mixture prt
howr per cubic metre catalyst, over the
catalyst pre-treated as above, 143 grarns of
40 hydrocarbons were formed per cubic metre of
carbon monoxide, which is 949% of the
theoretical yield, The proportion of methane
amounted to 8%, The carbon monoxide used
in the synthesis contained 98.5% CO and
45 1.5% M, The exit gas had the following

average composition: —77.7% CO., 1.4% un--

saturated hydrocarbons, 39 CO, 14.8% H.,
2.5% sanmated hydrocarbons and 0L6% N..

: LEXampLE 2,

80  The Fe-Cu-catalyst used was free from
carrier substances and contained 0.1 part of
capper and (.25 paris of potassium carbonate
to 100 parts of iron, all parts being by
weight. For its production, an aguecus solu-

56 tion of Fe(NQ,), and CutNO,)., conlsining

. 3% by weight of Fe was precipitated  at
boiling temperatute with the stoichiometric
quantity of sodium carbopate in agueous
solution. The precipitated mixtirre was boiled

60 quickly for a few minutes, fltercd and the

* precipitate washed with boiling water in an
amonnt equal to 70—90 times the amount of
iron i the precipitate, The washed precipi-
tate was subsequently made into & paste with

85 a linle water, well mized with AT agueous

solution of potassiuin carbonate (0.25 parts
by weight K,CO, 10 100 paris by weight of
Fe} and dried at 110° C.

For (he purpose of activating the catalyst,
carbon monoxide was passcd over it for 24 70
hours at atmospheric pressure, al a tempera-
turs of 270° C. and at a space velocity of
100; hydrogen was then Passed over the
catalyst at the same temperature, at the same
pressure, ar the same space velocity and for 75
the same period, '

A carbon monoxide-water vapour mixtare
containing 1 volume of warer vapour ta 3
volumes of carbon monoxide wag passed at
2 gavge pressure of 10 atmospheres and at 2 gg
temperanwe of 230° G, over the catalyst - .
whick had been pre-treated as above. Between
the 100th and 150th hour ol stream, the
carbon  monoxide conversion  amounted 0
97.6%, a yield of 201 grams hydrocarbons 85
and . oxygen-containing organic  compounds -
together with minute quantities of methane
being obtained per mormal cubic metre of
carhon monoxide. '

ExampiE 3. - 80

Oser an alkatised Fe-Cu catalysi of the ‘-

‘same compesition as the catalyst used ‘in

Example 2, and which was - produced 'and
actuated in the same manner as that catalyst,
2 carbon monoxide-water vapour mixture con- ah
taining 125 volumes of water vapowr to 3
volumes of carbon  monoxide was passed
under a gauge pressure of 10 atmospheres
and at a temperaturc of 230° C. The ratio
cathon monoxide water vaponr was thus 2.4, 100
A carbon monoxide conversion of 98.59 -
was obtained with a yicld of 162 grams of
hydrocarbons and oxygen-containing  organic
comipounds, and minute quantities of methane
per normal cubic metre of carbon monoxide. 105

The harmful effects of wing foo large a -
quantity of water vapour is shown in  the
following run. A gas mixture consisting of
water vapour and carbon monoxide in the ol
ratio of 2:3 was used in synthesis under the 110
precise conditions piven in Example 3, A *
carbon menoxide conversion of 95v with a
yield of 75 grams of synlhctic preducts per
normal cubic metre of carbon monoxide was
at first oblained, After 24 howrs, the carhon 114
monoxide conversion dropped 1o approxi- .
mately 20%, and after a few more hours the
catalyst became completely inacrive,

Just as (oo farge a quantity of veatcr vapour
is harmfuol ta the hiydrogenation of carben 120
monoxide with water vapour, it is alss harm- .
ful to use pressurcs which are censiderably
higher than 100 atmospheres. Thus the
catalyst described in Fxample 1 was found
1o have cnly a shorr active life when wsed in 3125
symthesis at 2 pressure of 140 atmospheres,
4 remperature of 235° C oand 2 space
velocity of 50 with 2 carbon monoxide-water
vapour mixture containing I volume of water
VApOUr 1o fyp. volumes of -carbon. mongxide. 130
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in the following examples: —
' EXAMPLE 1,

The caralyst used was an Fe-Cu-Kieselguhr
catalyst which was alkalised with potassium
O carbenate, and which contatmed 100 parts of
iron, 10 parts of magnesium, 10 parts of
copper, 60 parts of Kicselguhr and 2 parts
K,CO,;, all parts being by weight. The
- catalyst was precipitated at hoiling lempera-
10 tare from an aqueons soludion of T'e(NO,),,
Mg(NO,), and Cu(NO,), after the addidon
of the 60 parts of Kieselguhr, the sroichio-
metric quantity of sodinm carbopate in
aqueaus solution being ased for the precipita-
15 tion. The precipitated mixmure was boiled for
a few minntes, filtered and the brecipitate
washed with 2 quantity of boiling water
amounting o 70 to 90 times the quaniity of
the iron. The washed precipitate was then
made into a paste with a little water, blended
well with an aqueous solation of potassium
carbonate (2 parts by weight of E.CO, w
100 parts by weight Fe) and defed ar 110° C.
The catalyst was then activated, For this
%5 purpose, a CO-—II, mixture containing 2
‘volumes of H, per volume of CO was passed
over the catalyst for 24 hours ar a tempera-
tare of 270° C., at atmospheric pressure, and
at a space velocity of 100, that is to say 100
80 normal cobic metres of tha CO—H., mixtures

per hour per cubic meire of catalyst,
A carbor monoxide-water vapour mixture,
which contained 1 volume of water VapOUr 10
2 volumes of CO, was passed at atmospheric
85 pressume, at A temperature of 235° C., and
at a space velocity of 20, that is o say 20
cubic metres of CO-water vapour mixture per
hour per cubic metre catalyst, ower the
catalyst pre-treated as above. 145 gramg of
40 hydrocarbons were formed per cubie metre of
carbon monoxide, which is 54% of the
theoretical vield. The proportion of methanc
amounted to 8%, The carbon monoxide used
in the synthesis contaiped 98.5% CO and
1.5% N, The exit gas had the following
average composition: —77.79% CQ,, 1.49% un-
saturated hydrocarbons, 39, CQ, 14.8% H,,

20

4b

2.3% saturated hydrecarbons and 0.6% N..

Examory 2,

The Fe-Cu-catalyst used was free from
carrier substances and contained 0.1 part of
copper and 0.25 parts of potassiunt carbonate
te 100 parts of irom, all
weight. For its production,

an zgueous solo-
55 tion of Fe(NO,),

and Cu(NO;), containing
D 3% by weight of Fe vras precipitated  at
boiling. temperaturc with the stoichiometric
quantity of sodium carbopate in aqueous
selation. The precipitared mixture was hoiled

60 quickly for 2 few minutes, filtered and the
" precipitate washed with boiling water in an
amount equal 1o 70—-00 times the amount of
iron in the precipitate, The washed precipi-
tate was subscquently made into a paste with

60 a2 little water, well mixed with an aqueous

parts being by

solution of potassium earbonate (0.25 parts
by weight K,CO, w' 100 barts by weipht of
Fe) and dried ar 110° C.

. For the purpose of aclivating the catalyst,
carbon. monoxide was passed over it for 24 70
hours at atmospheric pressure, at a lempera-
ture of 270° ©C, and ar a space velocity of
100; hydrogen was then passed over the
catalyst at the same temperansre, at the same
pressure, al the same spuce velocity and for 75
the same period, '

A carbon monoxide-water vapour mixture
containing 1 volume of water vapour o 3
volumes of carhon moncoxide was passed. at
& gauge pressure of 10 atmospheres and at 2 gp
temperature of 230° C, over the catalyst . .
which had been pre-treated a3 ahove. Betwoen
the 100th and 150th hour on stream, the
carhon  monoxide conversion amounted 1o
97.6%, a vield of 201 grams hydrocarbuns 8§
and oxygen-containing organic  compounds -

together with minute quantities of methane

being obfained per nurmal eubjc nmetre of

-carbon monaxide, ' '
ExaMpre 3. a0

Over an alkalised Fe-Cu cutalyst of the

‘same composition es the catalyst used in

Example 2, and which was produced “and
actuated in the samc manner a3 that catalyst,

a carbon monexide-yater vaponr mixtare con. 95
mining 1.25 volumes of water vapour to 3
volumes of catbon rmonovide was passed
under a gauge pressure of 10 atmospheres
and at a temperature of 230° G, The ratio
carbon monoxide water vapour was thus 24, 100
A carbun monoside conversion of 98.5% -
was obwmined with a yiekl of 162 ‘grams  of
hydrocarbons and DXYEEn-contzining  organic
compounds, and minnte quantities of methane

per normal cubic metre of catbon monozide, 105

The harmful cffects of wing too large a -
quantity of water vapour is shown in the
Tollowing run. A gas mixiure consisting of
water vapour and carbon monoxide in the mgl
ratio of 2:3 was used in synthesis uider the 110
precise condidons given in Example 3, A .
carbon moneoxide conversion of 95% with a
vield of 75 pramg of synthetic products per
normal cubjc metre of carhon mopoxide was
at first obrained. After 24 hours, the carbon 115
monoxide conversion dropped 1o approxi-
mately 20%, and after 3 few more hours the
catalyst became completely inactive,

Just us too lacge 2 quantity of water vapour
is harmful to the hydrogenation of carhan
monoxide with waier vapour, it is also harm-
ful to use pressures which are considerably
higher than 10p -atmospheres. Thus the
catalyst described i Example 1 was found
1o have oniy a short active life when used in 125
synthesis al a pressure of 140 atmospheres,

A temperature of 235° C. and a space
velacity of 50 with a carbon monoxide-water
vapour mixture containing 1 volume of water
vapour to. two. volumes of -carbon, monoxide, 180

120



What we claim 15—

1. A process for the synthesis of hydro-
carbons with or withont the synthesis of
oxygen-conaining organic compounds, shich
comprises contacting 2 mixtwe of carbon
monoxide and water vapour which contains
at least two volumes of carbon monoxide pes
volume of water vapour, with a catalyst, the
main metallic constituent of which is a meral
4b of the eighth group of the perfodie system,

at a temperature within the range 150°—

3506° C. and at a pressore within the Tange

from normzl armospheric pressure 1o 100

atmaspheres gauge, the catalyst having becn
80 activated prior to use by (reatment with carbon
monoxide and hydropen at o temperature
within the range 150°--350° C.

2. A process according to claim 1, in which
the mixture of carbon menoxide und water
vapour is contacted with the carmalyst at 2
temperature within the range 180°—280° C.

3. A process according to claim 1 or claim
2, in swhich the catalyst is activated at a
*  temperature within the range 230°—300° C.
60 by treatment with carbon monoxide and there-

alter - with hydrogen. -
4. A process according to claim 1 or clzim

2, in which the catalyst is activated ar a

tergperatore within the range 230°-~300° C.

‘40

o

4 707,972
As is shown in the sample analysis of the exit dropped very yuickly. After 36 hours, the §
gases, the carbon monexide comversion catalyst has become corzpletely  ineffective,
arezined a maximum afrer fitcen hours of due 1o a heavy deposit of carbon,
operation. After this period, the conversion Compusition of the exit gases:—.—
Hours of unsaturated saturated
10  operation CQ, hydrocarhons Q, cOo H, kydrocarbons N,
g . 31.0 i1 0.0 62.6 0.9 2.0 24
15 65.5 13 0.0 22.0 50 3.0 2.2
24 39.9 1.1 0.0 50.2 7.1 0.2 L5
36 8.2 0.2 0.0° 834 42 6.0 - 2.0
13 Excessive reaction temperanmes are also by teeatment with a miziure containing carbon 65
harmfid. Thus with carbon monoxide with menexide and hydrogen.
water vapour in the volume ratio 2:1, at a 3. A process according to any one of the
temperature of abaut 400° C, and 2t popmal preceding claims, in which the caralyst con-
Pressure, ar ar gauge pressures up te 10  rains one or more promoters selected from
20 atrospheres, and with the use of the catalyst the following groups: — 70
described in Fzample 1 or Bxample 2, the (a) oxides, hydroxides and salts of alkali-
synthesis of liquid hydrocarbons was found metals and of ulkaline-earth metals including
to be practically impossible. Aparl from a aguesium;
large formation of methane at the beginning (b) oxides which are difficulr 1o reduce,
25 of a run, the catalyst became inactive after a  such as thorigm oxide and cerium oxide; 70
: short time, owing to 2 heavy deposit  of (©) aluminium oxide and  chromium
carbon. - sesquioxide;
I, while mainmining the high reaction ad) compounds of mangancse, vanadium
temperature of 400° C., the pressurc is at  an boron; and
30 the same vime greatly increased, the harmful () compounds of copper, nickel, silver and 80
effects of high temperature and high pres- gold.
sUrc fncrease to such an extent that within 6. A process according to any ome of the
a short time the caralyst is completcly loaded preceding claims, in which a carrier such, far
with elementary carbon and thus becomes  example, as kicselgubr, tal, dolomite, lime-
35 ineffective. stone, activated carbon or pumice, is incor- 85

porated in the catalyst,

7. A process according to any one of the
preceding claims, jn which the synthesis is
carried owt i1 two or more stages with
adjustment of the carbon monnxide/water g
vapour ratio jn the feed gas 1o the second
and each succeeding stage.

8. A process according to any ome of
claims 1 to 6, in which the exir gases arc rc-
cycled to the synthesis,

. A protess according to any one of the
preceding claims, in which the synthesis is
carricd out with the catalyst suspended in a
sitable liquid medium,

10. A process according to eny cne of 100
claims 1 to 8, in which the synthesis is
carried out with a finely divided caralyst
suspended in the synthesis gas.

11. A process according to any one of the
preceding claims, in which the carbon dioxide
formed in the synthesis is separated from the
products and is reduced to carhon monoxide,
the cerbon monoxide so obtained bheing fed
to the synthesis.

12. A process according to any ote of the
preceding claims, in which the main con-
stitnent of the catalyst §s jron in clementary
or combined form.

13._A process for the reaction of carbon

95

110
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maonoxide and water vapour, substantially as containing orgunic cormp

ounds whenever pre~
hereinbefore described, pared by the process clajmed in any one of
4. A process for the production of hydro-  the preceding claims,
carbons, substantially as hereinbefora described EDWARD EVANS & Cco,
5 In any one of Examples 1 w0 3, 14—18, High Helborn, London, w.C.1,
15. Hydrocarbons with or without URygen- Agents for the Applicants.

Leamington Bpa: Printed for Her Majesty's Stationery Office, by the Courier Pregs,—1954,
Published 2t The Patent Office, 25, HSouthampfon Buildiugs, London, W.C.2, from which
copies may be obtained,



