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Synthesis of Hydrocarbons from Carbon Monoxide and Hydrogen,
and Catalyst therefor

We, Sraxpanp O Duverorssse
Company, a covporation duly organised
und existing under the laws of the Siate
of Delaware, Unitad States of Aserica,
baving an officc ut Blisabeth, New
Jersey, United States of America, do
herelyy declare the invention, for which
wa pray thal a patent may be granted to
us, and the method by wﬁich 1t is te be
verformed, te be particnlarly deseribed
n and by the fellowing statement : ~

The present invention relates to the
vatalytic  rewetion hetweer  carbon
monoxide and hydrogen to form valuable
Hguid hydrocarbons. More particularly,
the preseut invention is concerned wiih
improvements in the reaction based om an
improved —composition  of  cotalyst
employed in the reaction.

The synthetic production of lignid
kydrocarbons from gas mixtures contain-
g yurious  proportions of carbon
monoxide and hydrogen is s matter of
record and various operating couditions,
and numerous catalysis, usually contain-
ing a metal of the iron group, have been
propused to promote the desired reactions,
For exauple, to produce substaniially
saturated hydrocarbous it Lhas besn pro-
posed to use calalysts comprising cobalt
on un inert earrier at relatively low pres-
sures of abouq, 1 to b atmoaspheres and ab
tow peratures from 300° to 435° F. whera-
as in order to produce products eontain-
ing high propartions of unseturated and
ar branched chain hydrocarhons i hes
been found necessary to use iron cafalysts
at  higher  tcmperatures  hetween
450°—750" F, at higher pressures of 15
o 4 atmosphercs.

Iz bolh cases, the reaction iy strongly
exothermie and the utility of the catalyst
deelines steadily in the course of the
reaction chisfly dus to deposition of nom-

[ Price 2/8]

volatile conversion produsts such as
paraffin wax, carbon, and the like on the
catalyst,

The extramely exothermic character
and high temperature semsitivity of the
synthesis reactiop and the Telativaly
rapid eatalyst deactivation have led, in
Tacent years, to the applicsfion of the
Huid solids technigue wherein the syn-
thesis gas is contacted with a turbulont
bed of fively divided catalyst fuidiged by
the gaseous reaclants and products. This
technigne permits eontinuous catalyst
replacement and greatly improves heat
dissipation and temperature control.

Most processes for the synthesis of
hydrosarhun invelve the step of produc-
ing the synthesis gus mivture of carbon
mmmoxide and hydregen by partial ecom-
bustion of coal or natural gas with an
oxidizing gas such as air or oxyoen,
which synthesis gas is then converfed ty
the hydrocarbons in a second step. Tn the
usual processes in order to produce a
highly unsaturated Liydroearbon product
it is gemerslly thoughi desirable as
mentioned above to operate this synthesis
reaction at high pressure of abont 400
Ibs. per sq. in. using an from catulyst.
This necessitales the feeding of the Sy~
thesis gas to the reactvr under high pres-
sure and usually requires the production
of the synthesis gns under high pressure,
whieh iz turn involves feeding the
oxidizing gas under Ligh pressure o the
synthesis gas produeer. This ugually
necessitates the nse of expensive pmre
oxygen at high pressurs as the oxidizing
gas as it would be uneconcmical to utilize
air under high pressure because the re-
cycle requirement; associated wilk an iron
catalyst would result in (he undesirable
recirenlation, of o gas containing an ever-
ineraasing emount of nitrogen.
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" For the above reasoms, ii would be
bighly desirable to be able to produce
valuable olefinic woter fuel products by
a hiydrocarbon synthesis pracess by the
fluid solids technique wherein the syn-
thesizs gas could be prepared with air at
low pressures instend of with oxygen at
high pressures, and wherein the syathesis
itself oould be ecarried out ai moderate
instead of at high pressure.

Many attempts have already heen made
in this direetion wusing fized bed pro-
cesses. Thus it has been atfempted fo pre-
pare high oeinne motor fucl using a {horia
premoted cobalt on silica gel catalyst.
However, it way found that when the
variables were adjusted in an effort to
improve the liguid yield pnd guality of
product, the yield of liquid preducts
inoreases somewhat with presswre when
1he temperature 1s held constant, but the
vield of wax inereases also. This is quite
undesirable Dbeeause  wax  formation
renders it extremely difficult to maintain
2 Huidized bed in the reactor. On the
other hand, if the pressure is held con-
stant in the relatively low pressure areas
where cobalt eatalyst funclions well, that
is, in the region of 15 10 about 75 p.si.g.,
the olefin content of the product is low,
and attempts to increase the olefinicity
by increasing the tempereiure caused a
decrease in liguid product yield and an
inercase in gas formation. ’

On the other hand, experience bhas
indjcated that operation with iron
catalyst at the lower pressures is usually
aceompanied by severe carbonization of
the calalyst as well as formation of wax,
hoth making the maintenancs of 2 fluid
catalyst bed s matier of very great diffi-
culty.

It is now found that lydrocarbon
gynthesis products containing high pro-
portions of valuable unsaturated hydro-
carbuns can be oblained by conlweting &
synthesis gas mixture of carhon monoxide
and lydrowen confaining substantial
quantities of nitrogen, for example, when
prepared by uvxidetion of coal or natural
gas with air at low pressure by contaci-
1ng ihe said gas mixture, preferabiy in 2
once-through operation, at a temperature
belween 450 and G50° F. and at a pressure
bebwesn 50 wod I00 Ibs,/sq. in. gange
with a dense turbulent mass of fuidized
fincly divided solid eatalyst comprising a
gilica gel support carrviug ¢ mixiure of
iron and cobalt and a fthorium-contain-
ing promoter in which the iron and cobalt
are present in a total amount of 10—85%
by welght of the whole and in the pro-
portion of from .16 to 10 parts by weight

of cobalt per purt of.iron, and said pre-
moter, caloulated as thorium metal, s
preseut in an amount from 1—5% by
weight of the whole,

The synthesis operation is preferably
carried out at «- temperature belween
475" and .525° F. and af a pressnre
between 45 and 75 Ibs. per sg. in. guuge
and with a gas throughvut of from 2 to
20 cubic feet of synthesis gas per pound
of catalyst per hour et u lineur velocity
of (.1 {0 3 fes| per zecond and preferahly
betwean (11 and 1.5 feel per second.
Furthermere, it is found that the oper-
ating range wherein these beneficial
effects are realised Is a relatively narrow
one, and relatively small variations in
reaction conditions decrense either the
yield or the olefinicity, or incrcasc wax
formation.

In {he synthesis of hydrocarbons from
carbon monoxide and hydrogen, us de-
seribed above wherein the synthesis gas
contains large quantities of nitrogen, it
is obvious that a vnce-through operation
is most desirable, becutnse aotherwise large
guantities of inert materinl would be re-
cycled, murkedly decreasing the eapacity
of the plant and the operstion. Such
nitrogen Is present when the symthesis
gas is prepared by partinl combustivn of
natural gas with alr at moderate’ pres-
sures, which is of marked ceonowie
adventage over preparing lhe same by
combustion with pure oxyger under
pressure, Furthermore, in the synthesis
of hydrocarbons from CO and [, emplog-
ing a oace-through operelion, 1 is
apparent that the optimum consumption
ratio of the reactants should be (he sume
a8 {their ratio in the synthesis feed pas.

In the preduection of symthesis gus by
partial oxidation with air of methane and
natural gas, hydrogen and CO are pro-
duced at a 2/1 ratio, When such u gas
is used as a feed 1o the synthesis reactor,
the elimination of oxygen in the form of
waler rather fhan carbon dioxide is
essential for an approximately 2/1
H,; /00 consumption ratio, in accordance
with the reaction,

(1} 2DH2+HCU_>{CH2}JI+HH=O-
This is essentially the course of the
reaction when cobali is cwmployed as a
synthesis catalyst, aand 1s thus ideully
suited for a once-through operation.
However, as indicnted above and as is
well known, cobalt eatalyst is not condu-
cive to formation of cledfinie hydrocarhons
valuable a3 mulor fuel. On the other
hangd in some cases, when an iron eata-
lyst is employed, the over-all reaction
ean be more penrly represeated by

(% 3nH. + 8pC0—2 (GH)n + 0,0 + nCO,
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The CO, that occurs along with the pro-
duets of the synthesis resction, as in (2)
above, may be a result of the reversible
water gas shift reaction

3y CO+H,Qe==C0,+ H,

Thus in the synthesis reaction accord-
ing lv (1) above, the eonsumplion ratie
of hydrogen to carbon monoxide is 2/1.
Howaever, since some of the water formed

in (1) may react with some unconvertad

GO in accordence with (8), hydrogen ia
formed and 00 is consued which in
effact lowers the H,/CO consumption
ratig, Churied to its limit, fhe ultimate
effect of this reaction would be for all of
the H.0 formed tn react rapidly and
irreversibly with CO in which the nct
synthesis reaction could be writlen as

(4) oH, + 2 OO0 ), + nCO,

giving an 1L /00 consumption ratio of
U.0/1, From the above it mway be sean
that, starting with a 21 H,/CO feed gos,
the HzﬁC‘O constrmption ratio muy vary
from ahout 2/1 to almost 0.5/1 depend-
ing upon the degree to which the waler
gap shift reaction takes place.

During the normal synthesis with an
iron vatalyst, and iron iy considered to be
an excellent shift catalyst, the water gas

constants,
€O ()

o0 (D)

ealeulated from the concenirations of the
water gns cvomponents in the efflucnt
from the reaetor are G0—0B% of the
known water-gas equilibrinm constants at
temperatores in the range of 550°—850°
T, The known values for X ot 850° F.
and ut 660" F, are about 3¢ and 23
respectively. The low ealeuluted values
indivate that the amounts of GO, and H,
present are inadequate te subipfy the
waoter gag shift equilibrium and that the
reaction of CO and H.O is slower than
the synbhesis reaction.

In ‘such a oncethrough Lydrocarbon
synthesls operalion at low pressures in
tﬁg range of about 50 fo 100 Iy, per sq.
in. gauge with fluidized catalyst to pre-
pare Ligh yields of olefinic motor fuel
it is, therefore, highly desirable that the
H,{CO consumption ratio approach Las
nearly as possible to the rativ in which
these two coustituents are present in the
feed.

When employing w cobalt synthesis

- eutalyst in the normal processes the rabio

of H, to GO econsumed is greater than the
H. to CO ralio in the feed, up to ratios

a0

of about 2{3‘1 On the other hand, ull
previously known meodifications of iron
syuthesis ecatalysiz give H. to 0O con-
sumption rativs less than the ratin of
these constituents in the feed, Now, how-
ever, the surprising discovery hus been
made that catalysts of {he campositions
defined ahove give ¥,/C0 congumption
ratiog greater than the ratic of these con.-
stituents n the feed, thus making the
process suitable for 2 once-through opera-
tion with synthesie ges frum partial oxi-
dation of mnatural pas, wherein +he
1L,/ CO ratio is about 2/1.

The invention will best be understood
by referring to the accompanying dia-
grammatic representation of one of the
methods of carrying the invention into
effect where suitable equipment and flow
of material are shown.

Referring now in detall to the drawing,
natural ges from anmy convenient sonroe
prebeated in preheafer 4 is passed to
synthesls gns producer vesscl 8, which
comprizes a catalytic oxidation zone,
Stmultaneously, air is passed {hrough
through line 18 into compressor 20,
wherein it is moderately compressed tn,
about 50—100 psiz. and the compressed
material iy passed throngh line 22 and
preheater 16, wherein it 13 preheated to
about 1200° F.. and introduced info syn-
thesis generator plant 6, In generator §
partial oxidation meinly to GO and H,
takes place, Tle temperature in the
oxidation zone may be of the order of
2000-—2500" . The lower portion 8§ of
generator 6 way comprise & catalytic re-
former bad, eontaiving a raformi ng cata-
lyst snch as nickel or copper vn mag-
nesia, zud any 00, and H,0 formed as a
result of combustion in the upper part
of the generator will reform unrencted
methane to produce further quantities of
H, and O,

LThe hot synthesis gases leaving gen-
erator 6, whick ure at a temperature of
about 1600°~—1800° . ave pussed through
line 1{ and arc rreferably employed o
Preheat the incoming natursl gas and air
in preheaters 4 and 16, respectively, the
synthesiv gas sfream being divided for
this purpose to pass through lines 12 and
14, and through lines 25 and 268. The
reunited synthesis gos siream in line 27,
which has been eooled as indicsted to
about 460°-~800° ., and may be further
cooled if desired, is passed to the botium
of hydrocarbon synthesis reactor 28, The
latter is preferably in the form of a
vertical eylinder with s conical buse and
an upper expanded seclion, and has o
grid {(or screen) 80 located inm the lower
section tu effect good gas distribution.

Within reactor 28, & mass of catalyst
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is maintained in the form of o finely
divided powder having a particle size
distribution from about 100400 mesh,
preferably about 150 to 200 mesh sup-
plied to the reactor 28 from hopper 34
via line 36,

The synthesis pas mixture, having a
welar ratio of HyCO of about 2 to 1, fluws
upwardly throuph grid 30, The super-
ficial linewr velvcily of the gas within
the reactor is kept within the approxi-

- male ravge of 0.1—8 leet per sevond,

preferably aboup 0.4—1.5 feet per second
30 as o mainfain the catelysl in the [urm
of a demse, highly turhulent fluidized
mass having o well defined upper level 38
and an apparent demsity of from about
30 to 125 lbs, per cubic foot, depending
upon the fluidization condibtious.

The pressure within reactor 28 iz kent
within the limits of 50 to 100 psig., pre-
ferably ahout 55—75 psig. and the tem-
perature is maintained comstani within
the Iimits of 450° to Buo0° E., prefer-
ably 478" to 525° I'. Surplus heat
from the exothermic reaction wmay be
withdrawn by any conventional means,
such as exlerual cooling coil 32,

Only a small portion of the powdered
catalyst is corried into the disengaging
section of the reactor above levsl 88, and
these catalyst particles are separated
from the veastion praducts in a conven-
tionzl pas-solids separator, such es
cyclone 40 and reiurned o $he dense bed
via dip pipe 42. The ratc of gas through-
put in terms of cubie feet of gas (H.+ CO)
per pound of catalyst per hour, or
VY Hr. /W, is in the range of 2 to 20, and
is wu adjusted us fo give the desired com-
version without need for any recycle of
tni] gas..

DProduet vapor and gases are withdrawn
vverhead from reactor 28 and are passed
through line 44 and condenser 46 to
Liquid products scparator 48, wharsin
ligqnid preducts are separated [rom gases.
The liguid produsts, containing high
yields of olafing with liltle o1 ne exygen-
ated hydroearbons may be withdrawn
through line 52 for further processing,
sueh as Tractonation, cracking of the gue
oil fraction, isvmerigation, pelymeriza-
tion, hydroforming, ete., all in 2 manner
kpown per se: .

The uncondensed gases, comprising
lower molecular weight hydrocarbons as
well us unreacted synthesis gas and aitro-
gen arc preferably passed through line
50 to a fluidized solids, active carbon
edsorbtion plant, wherein light hydro.
carhong mey be removed, and recovered
by desorphion, at the lower pressures of

the present operation. This represents a
vonsiderably more evonomical process
than the ronventional oil absorption of
tail gas,

Instead of producing synthesis pgas
from partial combustion of natural gas or
methane by air at low pressures, aynthesis
gas may also be prepared by the water
gas regetion from coal, In such ocase,
?Iependmg on how heat is furnished to the
procesy, either by direct combustion of
colte or coal within the water gns gewera~
tor with air or by recycling of hot eom-
bustion solids from a burner vesscl. the
synthesis gas may or may not contain
appreciable quantities of nitrogen. How-
evar, the ratio of H,{U0 in synthesis gas
prepared frow couul 15 about 1{1, and such
& synthesis gas may be passed through a
shitt converter fo iperease the feed gas
ratioc from about 1f1 o about 2/1, In
such a system, also, o desullurizing step
would be introdeced, such as the passing
of the synthesis gases through spent
synthesis catalyst to remove sulfur.

The cobalt-iton catalyst which is used
according to the invention prelerably
vontains from 3 tu 20% by weight of iron
and from 5 to 30% by weight of cobald
and from 1 to 5% by weight of thoria,
calonlated as thorfum metal, and from
60—895% by weight of silica gel culew-
lated as siliea,

One prefered cobalt-iron calelys! muy
be prepared iu the followlng inanner:
Fourteen wt. per cent, eohalt, 14 wi. %
iron und 4.4 wi. i thoriom (all provided
in the form of the corresponding hydrated
nitrate sulis) were milled n a S}impsuu.
mixer with 67.8% silica {(provided as
siliga bydrogel containing aboui 18%
salids) and the wet mixture wag then
passed through & colloid mill, The above
ermposite was dried at about 250° . and
then further heated for 48 hours at 420°
¥. and for an additional 5 to 6 hours at
550° I, to complete the decomposition of
ths nitrates. The resulting dried material
was then ground 0 a suitable size and
reduced with hydrogen ut 700° F. end
atmospheric pressure.

Bxasprn,

The following example shiws the effert
of temperature un the aclivity, sclee-
tivity, and unsaturation of the product
using a mixed cobaltfiron ratalyst in

aceordance with the invention. For a

comparative basis, data ohtained under
similar reaction condifions for a ecobalt
catalyst promoted with an alkali pro-
moter but containing ne iron are
ineludad. Tn =l cases the pressure wag 75
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p.sd.g., the H./CO ratic 1)1, and the
feed rate 200-—400 volumes of synthesis

gas per volume of eaialyst per hour, this

Temperature °¥.

Catalyst A

25.2% Co

2.8% Pe

4.4% Th

G7.6% 810,
CO conversion, % cutput
H, conversion, 1% outpnt
C.+yield, cefm® M, + (GO cons.
Bromide No. of collerted oil
Product appearance

- Catalyst 3
0% Co

66% 840,

% Na®*

(* As Na,00, based on Co}

CO eonversion, % output
H. vonversion, % outpui
Co+, cefm® H,+ 0D cones.
Bromine No, of eolleeted ol

Product appearance

The above data show for the ivon-cubalt
catalyst a steady increase in H, and in GO
conversion with temperature, Selechivity
to valuahle O, + liguid products was
found to deerease with Increasing reaction
femperature at about the same rate with
each of the cafalysts. However, the
nnseturalion of the ofl produet, as indi-
cated by the bromine number, was
appreeiably higher in all cases for the
iron-cobalt eatalyst than for the eobalt
eatalyst promoted with alkali, The
unsaturation was found to improve far
more rapidly as itle temperature was
increased with the former than with the
latter catalyst. Thus at about 500° T,
operating femperature, when the vields
of liguid product were about equivalent
in both cases, 180—187 ee C .+ fm® of
H.+00 converted, the cobalt-iron
eatalyst of the invention produced a total
oil product having a bromide aumber of
85, corresponding tu w liguid product
unseturation of 59, the masoline fraction
{Initial to 430° .} of which had an esti-
mated unsaturation of about 66% . Under
the same eonditinns the alkali promoted
cobali eatalyst withoui iron produced a
total oil produet which had a bromine
number of only 56, eorresponding to an
unguturation value of 42%. Inereasing

feed rate converted to volume of gas per

430 450 o00 H28 550
41 i G — 81
a2 82 1] _— 03

e 221 180 — 128
45 43 85 — o7

clear clear clear —  clear
18 a0 a4 A7 T4
39 53 85 BY 89

216 226 187 148 118
B4 a3 i) 54 62

slightly

whEy waxy waxy clear cleap

the operating temperature np to 550° ..
with each of these catalysts inereased the
product bromide pumber in each cage,
though to o far higher value for the iron.
eobalt (97 than fnr the allkali promoted
cobalt (62). Parthermore, the oil product
from the iren-cobalt product was clear
and much less waxy than that produced
at the same temperature with the alkali
promoted cobalt catalyst.

Experiments have also been carried gut
te determine the effer of variation in the
proportion 6f frou and cobalt in {he
catalyst employed in this invention and
these experiments have pointed to the
following :

1. The use according fo the invention
of the cobalt-iron catalyst gives =
uniformly high H,{CO consumption ratio
despite variation in iron content =nd
despite use of a low H,/CO ratio gas.

2. The per cemb. unsaturation of the
synthesis product is high and is relutively
independent of the eoball-ivon ratio when
this ratio is 1/1 or higher,

3. Cobalt-Iron Tatios of 11 or less
appear 1o favor higher C, + selsctivities.

4. Lhe butene-2/butene-1 ratic in the
syathests produet is high, which is In
marled eontrast to the low ratios obtained
with iron eatalysts. This means that since

weight of catalyst per hour being within 5
the range previonsly quoted.
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alphu olefins are low, further treating of
the produet for octune improvement,
such as hy isomerization, is simplified,
This is also true in respect to treatment
to convert oxygenated hydrocarbons to
olafins; such compounds are found only in
negligible guaniities in the produet from
ihe iron-cobalt catalyst as against an iron
catalyst, in the product from which they
may be present in amounts equivalent fo
L% oxygen,

Thus n accordance with the inventicn
hydrocarhon synthesis operations ma])l' be
carried out ab low pressures to give high
yialds of unsaturated compeunds and
minimum quantities of wax, By dispens-
ing with the oxygen wnit and operating
the synthesis gas generntor with air
investment costs are  substantially
decreased from the level where a high
pressure type of operation requiring am
oxygen unit is employed.

What we claim is:—

L. A process for producing relatively
high yields of olefinie hydrocarbons from
a  synthesis gas containing carbon
monoxide and hydrogen togeller with
substantial guantities of nitrogen whieh
compriscs contaeting seid gas wmixfure,
preferably in a once-through operation,
at a temperature between 1560 and G50° F,
and at a pressure between 30 and 100
Ibs. [sq. in. gauge with a dense furbulent
mags of fluidized finely divided eafalyst
comprising a siliea gel snpport carrying
o mixture of cobalt and Iron and a
thorium-containing promoter, said cata-
Iyst containing, based on the {otal weight
of the vatalyst, from 10—85% by weight
of the mixture of cobalt and iron in the
proportions of from 0.16 to 10 parts_of
cobalt per pazt of iron, and from 1—5%
by weighl of said promoter caleulated as
1‘].|yurium metal, .

2. A process as claimed in (lalm 1
wherein the synthesis operation is earried
out at pressure between 54 and 57 1bs. per
sq. lo. gange. .

8. A process ag claimed in Claim 1 or
2 whorein the synthesis operation is
carried ouf at & ferzperature between 475
and 524" F. ,

4. A process as claimed In any one of
claims 13, wherein the eatalyst con-
tains from 3 to 251% by weight of iren,
from £ to 309 by weight of cobalt, from
1—A% by weight of thoria calenlatéd as
the metal, and from 60 to 89% by welght
of silica gel caleulated as giliea,

5. A proeess as elaimed in €laim 4,
wherein the catalyst comprises 1% by
weight of iron, 14% by weight of cobalt,
4% hy weight of thoria calenlated as
the metal, and 67.6% by weight of silica
gel calenlated as siliey.

8. A process us claimed ju any of
claims 1—5 whevein the synihesis pas is
obiained from the purfial combustion of
nafural ges with air in the presence of an
oxidation catalyst preferably in the form
of a demse turbulent bed of fiuidized
fingly divided solid particles, at a low
pressure hetween 50 and 100 lbs. per sq.
In, gauge.

7. A process as elaimed in Claim €
wherein the synthesis guz containa
carbon monoxide und hydrogen in the
proportion of 2 moleeules of hydrogen per
molecnle of earbon monuxide. )

8. A process s claimed I elaim 6 or 5
wherein the synthesis gus is cooled to the
temperature 1n the reaction zone before
being introdueed therein.

9. A process as claimed in any one of
claims 1—-8 wherein the synthesis gas is
passed through seid mass of catalyst at
the rzte of 2 to 20 cubic feet of gas per
pound of eatalyst per hour and af a Huoear
veloeity of .1 to 2 feet per yecond and
preferably hetween 0.4 and 1.5 feet per
seeond.

0. A catalyst for fthe production of
olefins from a synthesis gas mixture con-
taining carhun mmoxide and hydrogen
together with a substantial guantity of
nitrogen at relatively low pressure, com-
prising a silica gel support carrying a
mixture of cobalt and iron and a therium-
rontaining: promoter, the eoball and iron
tugather constituting 10—85% hy weight
of the total cutalyst and being present i
the proportion of from 0.16 to 10 parts
by weight of cobalt per part of iron, und
the promoter heing present in an smount
from 1-—5% by weight, calenlated as
thorium metal, based on the total weight
uf the eatalysi.

11. A catalyst as claimed in Claim 10
comprising from 3 to 25:%% by weight of
fron, from & to 30% by weight of cokalt
and from €0 to 8%% by weight of silica
gel calenlated as silica.
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12. A catalyst as elaimed in Claim 11

comprising 14% by weight of vobalt, 149,
by weight of irom, 4.4% by weight of
tﬁroria calenlated as the metal, and 67, 7%
by weight of silica gel caleulated as siTiea,
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}SHEET  gpy drawing is a reproduction of
the Origing! on g reduced scale.
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