2086753 1 SUPPORTED S| LVER CATALYST AND PREPARATI ON AND USE THEREOF This
invention relates supported silver catalysts and their nethods of pre-
;T paratlon and use, particularly in the manufacture of al dehydes such as for-

t~gehyde. 05 The use of silver as a catalyst for types
gpactions Is well known. Silver used in catalytic reactmgéyﬁi .'

ormof solid silver crystals or the silver can be coated on to an
i nert substrate to produce a supported|5| | ver catal yst. Generally, such

supported silver catalysts are on porous refractory spheres, rings, pellets
and the |ike. Supported sﬂmﬂwml on in a 10 number of
chemical reactions such aspRxgn®genaN AND B5RHEREQEEhYdr ogenation and the
production of ketones and argenydes {TONTpTrTT secondary al cohol s.
Silver is an expensive material and a variety of techni ques have been

devel oped for depositing relatively small anounts of silver on refractory
mat eri al and f su Si.1 vers terial .in plagce of solid silver. 15
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catalysts of those patents suffer from a number of shortecomings, particularly their
method _ofma_nll_xfacture which relies on the use of strong chemical reducing agents.
It has been found that the use of the reducing agent techniqufes of these two patents
20 is not practical because of the large quantities of solutions required in the silver
deposition techniques which also coat the eqinpment with silver. There is a residual
silver powder suspension in. the solution to be filtered out and the residual strongly :
alkaline solution containing toxie reducing agents has to be disposed. Much the' ~
same problem exists with the extensive. washing needed and disposal of the
25 contaminated wash water. The silver on the equipment has to be removed prior to
the next batch or the silver will preferentially deposit on the existing silver surface.
If promotors are to be added to the supported catalyst in order to optimize the
reaction equilibrium, the reduction methods of these two patents are not suitable -
far homogeneous distribution of the promoter metal unless a compound of the
30 promoter is used which reduces under the same conditions as the silver. Also,
particularly in the case of Patent 3,956,184, the silver penetrates deeply into the
carrier and thus much of the silver would not be available for the catalytie reaction. |



“cat alyst for the prepar ation of formal dehyde, the catalyst is placed,

bed, in.insulated silica tubes wherein fromabout 0.5 to about 10% of
"silver'is deposited on the carrier such as pum ce or alumna-silica
_’refrac‘Ler es. 05 It has al so been proposed to prepare supported silver
-catal ysts by use of organic am ne sol ubilizsng and reduci ng agents for
depositing silver on porous refractory supports. Thi's catal yst preparation
- nethods as well as the catalyst itself, suffer fromnuch the same ‘-
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support ofocarri er prior art proposal for the preparation of supported silver catalysts .

for the production of ethylene oxide, spherical supports are used and the silver is
deposited throughout the pores of the particle by immersing the support in an
aqueous solution of a silver salt, drying the support and fma]ly heating the support
at a temperature sufficient to decompose the sﬂver salt. Optlonany, an alkaline
25 earth promoter is added to the silver sailt solutmn. :
o It is also known to prepare metallic reforming catalysts by mixing a solid
e : porous support with a solutlon of various soluble metal compounds in dimethyl-
sulfoxide, subjeetmg the resultmg slurry to refluxing, separating the solid carrier

from - the slurry, drymg ‘the carrier and finally ecaleining  the metal compound
30 impregnated carrier.

-2-"In-a further. prior art proposal for the use of a supported silver |
as a @

It is also known to prepare supported silver catalysts together with promoter
metals wherein the sﬂver solution is contacted with the support and reducing agents
convert the metal salts to a metallie coating on the support or carrier.

It is also known to Drepare supported silver catalysts wherein the support is

35 first washed with a chlorine solution to deposit small quantities of chlorine



 rt.is also known to prepare supported silver catalysts wherein the support

i first washed with a chlorine solution to deposit small quantities of
dine. -3- conpound on the support. Follow ng a wash of the chlorine
aining support, the carrier particles may be dried. The support i S_then

. cont:act ed mﬁth,SiIver'oxide, such as silver oxide paste and then driedjsnd

finally the silver oxide is reduced to m¥tallic silver. 05 It is also

known to prepare silver catalysts by precipitating a silver salt froman

ammoni ated sol ution, applying the salt to various supports and apparently
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the CaV\Rb er W fhs 3 RHEWH @63 @?@E Shiver %ﬁ{df{#@ 'Blyoﬁreggpiiakﬁ&’ a §ﬂ4r%rr i it Plom/'©"

oxi de Ile the carrier I's

i quid; (c9n ammpeniated selutiony applyingtheialiote vmo'@ampevts a@ﬁcappemnﬂm@aaﬂmg

the d“ ed é@éﬁﬂx@’ thelsaft 6&% Hfte Pl‘i&f t&é&ﬁhei i Qs sdlt, Sihle\68 E: rt is .
corrpounds ;} carrier.to ic silver characterized in that

pr e- treatl e@@&%@r“&?’“&%ﬁﬁ@? liquid soluble 20 in water and
having a b0| 1 I‘I\me nnvemmnf phaddest haprdeess Fort prepairirigha suppbérted sifver heatalyst
carri er, ‘Pﬁ\%ﬁ e| ng contacted with the aqueous solution of said
silver sal P wet with said I|qU|d In preferred enbodi nents, the
sol ution.of si Qawerc@gaguwnnanﬁg pROOYS CATZiEr WIth cprerwealing 0 wet thesufece 1%
to 10% nost desi r agt yhe2darkier8% of silver, based on the 25 weight of a

granul ar suppo having, a particle size of about 0.2 to_about 2.5
mllimeters. s theyeafter eontgeting) the, cazien vidh  an ammoniatsd Asyepys Jejution

contai ns m nor quaat b.tsilQér sdlt @r fsiivély ogide dvHile thegedrtiemia bl wéwith the grar bon
at ons. Ige support %gl catal yst is particularly useful for the ,

“manuf actlre of for Pdgﬁy rom net hnol and oxygen gas e.g., with air, in
a fixed bed whe ei drying thagilwer selutipaton thetcagtier;sandsed i n pl-ace of | _

conventional s@hi dngdti NP tné dfdcPelirrier at a temperature sufficient to decomposmg
' silver eompounds on the carrier to metallie silver

- characterized in that the pre-treating liquid is water or another hquld soluble
20 in water and having a boiling point of less than 105°C to wet the surface of the
carrier, the carrier being contacted with the aqueous solution of said silver salt
~ while still wet with said liquid. | | .
In preferred embodiments, the solution of silver salt contains sufficient silver
to deposit from about 1% to 10% most desirably 2% to 8% of silver, based on the
25 weight of a gk-anular support having a particle size of about. 0.2 to abdut 2.5
millimeters. The silver salt or silver oxide solutxon also desu'ably contains minor . ¥
| quantities of a fatty acid havmg from .about 12 to 22 carbon atoms. The supported
silver catalyst is particularly useful for the manufacture of formaldehyde from
methnol and oxygen gas e.g., with air, in a fixed bed wherein the supported catalyst
30 is used in place of eonventzonal solid silver erystals.
_ The silver salt solution employed in the manufacture of the catalyst of the
" invention contains: (a) a silver salt or silver oxide; (b) ammonia; and (¢) an aqueous
solvent. ‘



The" si I-V'er salt solution enployed in the manuf acture of the catalyst of thzgagj
invention contains: (a) a silver salt or silver oxide; (b) ammonia; and (c

an aqueous sol vent. -4- Suitable silver salts include organic or

inorganic salts of silver, particularly those which deconpose when cal ci ned

at tedpewatues of not hlgher t han aobut 500 C to give netallic-silver.

Suitabl e inorganic silver salts include thg-nitrate, 05 nitrite, and .
carbonate. Silver oxide is also suitable since it-fornms salts or conpl exes

with the anmmoni a. Suitable organic acid salts include the silver salts of
carboxylic acids such as those of nono-, di- and tribasic aliphatic and
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20 range of from about 0.196-by weight to the maximum permitted by the solubility of
the salt or oxide in a solution containing ammonia and optionally an organic solvent
_such as the alcohols. The concentration of the salt or oxide in the solution and total

- quantity of solution to be used is preferably adjusted so that the quantity of silver
therein is equal to the desired quantity of silver therein is equal to the desired

25 quantity of silver coating on to the support. ' . _

_ ~ The surface of the wet support to be coated with silver can be first covered by -

~~ the silver solution by conventi'or'l‘al procedures, e.g., spfaying, dipping, soaking, and
the like procedures are suitable. It should be recognized that the silver solution
'contalm various complexes of silver, some of which may be silver oxide complexes.

30 which are solubilized by the ammonia,

The silver solution used in the process of the invention will preferably also
contain & fatty acid having from about 12 to 22 ecarbon atoms. The fatty acid having
from about 12 to 22 carbon atoms. The fatty acid can be saturated or vinyl
unsaturated. The quantity of fatty acid, or ammonium salt therof can vary over. a

35 broad range such as that of from about 0.1% to 10% by weight of the silver salt
solution used to coat the carrier. Preferably the quantity of such acid or ammonium

15.
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T Tl'ver solution used in the process of the invention will preferably
contain a fatty acid having from about 12 to 22 carbon atons. The
f acid having from about 12 to 22 carbon atoms. The fatty-acid can be
saturated or vinyl unsaturated. The quantity of fatty acid, or ammonium
salt therof can vary over a 35 broad range such as that of from about Q1%
to 10% by weight of the silver salt sol #84 on used to coat the carrier.
Preferably the quantity of such acid or amoni um -5- salt, thereof, is
fromO0.5%to 5% of the silver solution. Since the silver sol ution is
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Preferably, the support is in the shape of rod or “spaghettl" shaped refractory
particles having- a thickness of 0.4 to 0.6 millimeters, and a length of 0.5 to 2.0
millimeters (mm). This shape of support is preferred since it resembles the shape of
the silver crystals normally used in the manufacture of formaldehyde.. |
25 The porous support materials preferably have a tap volume of from 1.0 to 2.0
grams per cubic centimeter. For the manufacture of formaldehyde, the tap volume '
- is preferably from L3 to 1.8 grams per cubic centimeter and particularly about 1.5
grams per éubic centimeter. ‘We found that such support (Kéllundite) having a tap
density of 1.3 grams per cubic centimeter had a water absorption of 20% while a
30 support with a tap density of 1.5 grams per cubic centimeter had a water absorption
of 18% by weight based on the dry support. - |
In a preferred embodiment for the manufacture of the catalyst, the silver
.soiution is added to the wetted support in a rotary dryer wherein preheated air is

Ya

passed over the tumbling mass of support particles at a temperature sufficient to



is pretéerably from1l.3 to 1.8 grans per cubic centineter and particularly J?
about 1.5 grans per cubic centimeter. W found that such support
(Kellundlte) having a tap density of 1.3 grams per cubic centineter had a
wat er “absor ption of 20% while a 30 support with a'tap density of 1.5 grans
per cubic centineter had a water absorption of 18% by wei ght based on the-
dry support. In a preferred enmbodi nent for-gthe nanufacture of the catalyst,
the silver solution is added to the wetted support in a rotary dryer

wherein preheated air is passed over the tunbling nass of support particles
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subst anti al | |]! of the solids in | ver solution are coated on to the

porous carri masy H’é"’ﬁ%tt%VV& “l?fm’t PintherRotany dryer pERiRst & geuntgreurppnt
oxi dati've destrlegnir ofjavot hip)) thé dbédamdl coateliosuppbsie mitlebe tdischapgdd, akfl fort

can be 1 ecyChohiale R gl | VAR 8fhriige SHPBR (uslPbFd Fork alEr is that
20 substantm]ly all of the solids in the silver solution are coated on to the porous
- carrier. _ _
After the éatalyst of the invention has been used for the oxidatifre de-
. hydrogenation of methanol to ormaidehyde, the spent catalyst can be recyeled and
both the silver and the support material can be recovered therefrom. The spent
25. catalyst is removed from the reactor or bﬁrner' and extracted with nitric acid to-
obtain a sﬂver nitrate solution for reuse in makmg the catalyst of this invention.
"The extracted support material is then heated at a ‘temperature sufficient to burn
off carbonaceous deposits such as those which form in a manufacture of for-
maldehyde. Such temperature is preferably from about 600°C to 700°C. The
30 support is then ready for repeated coating with silver from the earlier extraction.
This procedure can be repeated many - times for the recychng of spent catalyst and |
- manufacture of eatalyst of thlS invention.

The following Examples and test results are now given, though by way of
illustration only, to show details of particularly preferred embodiments of the
35 invention.



2B atalyst is removed fromthe reactor or burner and extracted with nitric
a4l to.obtain a silver nitrate solution for reuse in nmaking the catal yst
G

(& _Ahis invention. The extracted support nmaterial is then heated at a
"~ tenperature sufficient to burn off carbgraceous deposits such as those
which formin a manufacture of for- mal dehyde. Such tenperature is
preferably fromabout [err] to [err]. The 30 support is then ready for
repeat ed coat Tegting tdf the supportesincatadystaof ithe inventiont wes.made in ar mubtiplee
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Do o LRSS B4 HAU TR bemeid Bl diel 350 folipebdiind Fidagfitbmed wofs Thade
reactors WeﬁﬂmsmdmgathaWS!smm@U tbemocoum:, t Phils aasinecessiryoin dndee to .
readi ngs. magehy rveﬁgt oif WitiP RAE stk o lsefal%mgﬁ tgé ahﬁ/ﬁ1e@ ogtmhat 0
t he main header an rat ure measur enen wer e nade each - .
catal ys &8 adiusters, %Fae&ume@s *wﬁuasdiaa@t#e%gémlye& (30 @mydi Atbeuﬁaklemah @bid <
conpar i sosmyy Ialyei o sﬂvéwefyscasﬁaéa&alfyﬁt oMthis invéifticH WefSuban @l eha ibRrnde Was-

dj usted. _The.b t f h t 1 h
(2 5 cm ) hekein P °etebR o) sfertes Sn. 4opEe deree; & BT hesfer thacly
in each bummtedxhwhntdﬁmalatmérpshrsmstnmtmrmeﬂness by plyuirey tivem amdenh

bout 80
er t nags Gy, diVer BGRA1 SRl WG Wik Ppdiaids hitriny Y be€ of He, test
whi ch \Aésreqs@rat cAiften rzﬁshonps phoperation, gaand: condepsate:samples werte takenzfrdm)ur s

of operatt ab i Coper u r
and resul tl?‘%ﬁsﬂg%rlﬁﬂgng‘%gﬂﬁn%fg?; # t hb?ﬁe%tewiltt ﬁ%ﬁgﬁ%f%?éérﬁ;t | onéﬁ%’lﬁ THe

support wEHPPOTH WRg spRgjdered; R dgwiption; of \eompasitionsshad epaurrRdy The
occurr ed. fihhRy fseleetéd inert sappettiwey & eerame tcoﬂﬁﬁsﬂldhepﬁﬂmﬁetﬁ Fileros

el | unai PIAEE 6 bie Bnig Eofockduth, bl 5 2", GrasSel st Severalung

sat i sf 20t types rafriishsuppart were fbundesatisfactoty 3anging in ttap ?roﬁmg#sdtroml L3 ghee.
preferreded 90"l NE 1 pRlALH Ao e the TREGUINhordsit) Matetill JRHF ol thp dens1ty

of L.5 cubic centimeter per gram.
The silver salts solutions used for support coating were usually prepared from
fresh silver nitrate or silver nitrate solutions obtained from extraction of spent
25 catalyst. o | o
_ For the following examples, aqueous ammonia of about 25% concentration was-
slowly added to the silver nitrate solution in such a quantity that an initial
precipitation of silver hydroxide clearly dissolved as a complex; further additions
were made to this complex solution as set forth in the examples. ]
30 The term "mesh" as used herein refers to Tyler Screen sieves.

P

EXAMPLE 1
1,500 grams of Kellundite support in the form "spaghetti" at -20 to +40 mesh
with a tap density of L5 g/cc. was wetted with 300 ml. of water. This support had a
perticle size of about 0.4 to 0.6 mm. in diameter by about 0.5 to 2.0 mm. long. To
35 the wetted support, the following solution was added which had been prepared in the



support coating weré€ usually prepared fromfresh silver nitrate or silver

Fn‘trat e solutions obtained fromextraction of spent 25 catalyst. For the
ol | owi ng exanpl es, aqueous anmoni a of abgut 25% concentration was slowy

added(to the silver nitrate solution in such a quantity that an initial

precipitation of silver hydroxide clearly dissolved as a conplex; further

-addi ti ons wioRowhgeorider:t 1200 mbh nywatex; mlguamsrofaﬂvelemti'ﬂret 1200 rmL 25 % aampérds;.

30 The . refers to Tyler Screen sieves.
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EXAMPLE 1 1, rans o port in the form"spaghetti" at -20
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200 m . wateahe ldth ButTe i9fpreférded tol uséithe Rﬁﬁogén cdhbai AiEOYT il aﬂhd’rdxﬁ the

Junstanti al M apefy &l pB fof Jheapoq i boskhuial ofe( o %e&@&f f e "

materi al . Tipeusds.ver salts on the dried support 05 were deconposed at about

500 Cin a gas fgdsge k| | '
is preferred to dug]e k,Mg%en con allﬁﬁ%éy%?' H@H s{:ﬁﬁecf&lre#a gltnny’de
ptant for1Q Fepresenting Maénngbﬂkﬁtqmb thiek hwae nauly%meﬂurme)maopmm

850 m . of ts@ér'iel“da likEodietfor? b G8ak toP fRed ﬁﬁy | U Wasl@5Ed 'd?q(ﬁet&?kr kRS,
10 representl about a.1 inch (2.5 _cm I ck | ayer of cataly 6?'ged The

reaction wa® '!geWbthb?l"ieﬁtqrhﬁfﬂlﬁ i Bea °'?' é%?@PtF‘@édvﬂ'&sma%xqeﬁs $he silyer, |y
the ot her bwr?&h?o%&ﬁﬁbﬁ}aha ghé\fcblhk{éﬂlnbﬂeif méthahal eodfdi%ﬁmat n éhyde twitisTIowai thabtin
Were in excess 0 Crysta ration .a e ersion o

nmet hanol to r c?gh%epi?/@i te?'ﬁz;ﬁ” ﬁ“{'ﬁa‘? S ‘Eﬁ Frar?fmtef'%

was term I&tcadalsstﬁmoumedd:nlowy abautt 9 and idid het s&maoabb)asleqlmtelfnt eclonommal y

about 1% ancré'pq# t seemto be adequate for economical operation. EXAMPLE
2 1,500 gra atal yst support as in Exanple 1 were wetted with 400 m of

of 1.5 cubic centinmeter per gram The silver salts-so]lutions used for @

EXAMPLE 2
1,500 gram of catalyst support as in Example 1 were wetted with 400 m. of
metha_nol A solution prepared from the following ingredients was added to the-
20 wetted support in a rotary dryer: 300 ml. of 'water, 71 grams of silver nitrate; 200
ml 25% ammonia solution; and 12 grams of ammonium stearate. |
The solution of silver on the carner was dried in a rotary dryer at 80-90°C by-
a preheated stream of air. Substantla.lly, all of the silver solution was coated on the
catalyst support. The dried catalyst mass was heated to about 500°C for about 1
25 hour, resulting in a supported silver catalyst with a shiriing silver layer of 3% by-
7 weight, which had little or slight penetration into the surface of the porous support.
850 ml. of the prepared catalyst _Were placéd in the test reactor and put into
service. This catalyst operated for 44 days comparable to the silver crystals with
respect to reaction temperature, methanol conversion and efficiency. It sustained
30 during this time 10 start-ups, including one where the silver crystals in the plant had
sintered by a high temperature runaway and had to be replaced.

EXAMPLE 3
- 1,500 gram of "Kellundite" support having substantially the same physical pro-
perties as that used in Example 1 were wetted with 300 ml. of water and then a



nol-. A solution prepared fromthe follow ng ingredients was added to
m O wetted support in a rotary dryer: 300 m. of water; 71 grans of
nitrate; 200 m. 25% ammoni a SO|J§U on; and 12 grans of’ ammoni um -
rate. The solution of silver on the carrier was dried in a rotary dryer
at [err] by a preheated streamof air. Substantially, all of the srlvey
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05 was drﬁ%&d u?% i I A ?%rlétr ﬁ%géﬁ st ream - The dri-ed catal yst -

mass was heated in a kiln to 500 C for one hour. A supported catal yst

resulted with a shining silver surfgmmLEQOut 5% by wei ght, silver which

had only penetrat ed sIM’?ht into tfe—partra {f@ porous support. About 850
m. of this cio99 gEam Kﬁﬁ%‘g&e supportwere,Wetted witli490,ml; of meshanokt Ton.
The t errpeta?é weﬂed@h eﬁh arv@ @bé eolldwilig klutionVRés Gdaeth & AS) 3004hLt he

conver an.ol e was her USJ t he
suppor t dw8 I%?gF M%ﬁﬂt’? X%@&ﬁbfﬂggﬁ*lj g@o“‘éf% Wd?‘!’e
support moﬁamngwgmmmolem)aerﬂasainmmuhmndleateTm sohetioret t ed support in a
rotary dryer |+ t

cont a?/nr ny QSTgrggargt?%srlfMﬁglagraﬁ gtg :g%zi%gﬁ%n#t?%sﬁ%mmn%@&y

cont ai ni ng’ ) mags spiedAt-§2-90cFd Bhe thﬁérﬂ was heated; t0 between %@Bo@e
items A apg Bné\ofir,heshltinge i aCeatdiist Ivith tebolit' 29 Weliht 6F ¥iShy 3fider on the

20 surface.

EXAMPLE 5 _
L500 grams of parous catalyst support were wetted with 300 ml. water in
rotary dryer. The support was a refractory material having a tap volume of about 1
to 2 g/ee, and a particle size of from about 0.1 to 5 mm. To the wetted support, the
25 following mix was added:

(A) 19 grams silver nitrate, contalmng about 75 grams silver metal and 17
grams zine nitrate, containing about 3.7 grams zine metal, both were
dissolved in 300 ml. water, and '

(B) 200 ml 25% ammonia solution, containing 20 grams ammoﬁym stearate.,

30 The above A and B solutions were mixed and added to the wetted support in
the rotary dryer for drying at 80-90°C. The dry mass was heated to about 500°C for
two hours to deecompose the dried silver é.nd zine nitrate ammonia complex. There
was a shiny layer of about 5% silver on the support surface which also contained
0.25% zine as metal or metal oxide (based on the dry support).

2y



the mass dried at 80-90 C. The dried catal yst was heated to between, C/U
400- 6000C. for one hbur, resulting in a catalyst with about 4% wei ght of
Shiny silver on-the 20 surface. EXAMPLE 5 1,500 granms of porous catal yst
support were wetted with 300 m. water in rotary dryer. The support was a
refractory material having a tap vol une olfuabout 1to 2 g/cc, and a
particle size of fromabout 0.1 to 5 nm To the wetted support, the 25
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10- 15% si | ver. penetration int0 _the body por t e 85- 90% of

particle shBiRYenirs the silver omplex sglu ﬂﬂ?eé'@“’p@?‘?%ﬁ\gaﬁ’& tQPe"eHHMmB’nS‘ERPQ"
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catal yst particle.and s 0S| exten into core
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the vol ati Iaurlfaep.n d of pre- vvettl ng prevented the silver conplex solution
.fromentering into the sem -porous support. Furthernore, during the drying
step, the volatile I|qU|d fromthe interior of the suort had to nove
outward d8d carry t hePEANTANB PERAFING COR NS FOH

PLANT AND TEST CPERATIp6rSRIBEHENE PRBDUETOR M H ¥REMIIARICT] ON | N THE
EXAMPLES

The average feed composition to the reactor at about 80°C was as follows:

- Methanol - - : . MoL% . 45.64
Oxygen _ Mol. % 11.41
20 Nitrogen ' Mol. % - 42.95

The reactor outlet composition at 450-60090, consisted of an average con-
centration of Mol. % as below:

Metanol _ 11.36

Formaldehyde : . 23.59

25 Water _ 13.26

A Hydrogen - - 13.26
2 Nitrogen | . 35.63

' By-Products 5 2,90

Gas analysis of the rest gas, the not condensables of the process, were made
30 for comparison between the supported catalyst and the regular silver crystal
catalyst. A Typical example is as follows:
Plant on Silver Catalyst Supported Catal;@_
Carbon Dioxide 4.8% (Vol.) 3.0%
Hydrogen 239 20.4
35 ' Carbon Monoxide 0.4 0.2




. Thg—average feed conposition to the reactor at about [err] was as foll ows:
1anpl. Mol . % 45. 64 Oxygen -

11.41 20 N1 rogen “ Mol. %
. The reactor outlet conposition at [err] consisted of an average con-
centration of MIl. % as bel ow. Metanol 11. 36 -’

For mal dehyde 1n using an ammonia c8Mpfék @bsilver salt and the fatty acid’drimmonia salt
13. 26 Hydrggqefg ¢ 13.&%- Ni trfo en . .
35.83 By- PGy there are formed salts or complexes, of Jthe) fAtty apid (and silver. (This (1o
not condeiprovides anfeutdeticomixirte of sabts aduringcthd Process of kipying $m thdrstare dryiehe

axarm o1 1% ks 8 BERRREHerdindifto Shidtiees B il o B e,
Di oxi de05 coating of & hemogeasoup layer of bothasedts Hpuringcthe subsequent heating, 2thisn

20.4 35  mixture meltgaf&)%wﬂvﬁmgd@ver the supportUsdtface. Furthermore, whénZhis
-11- In usihg an_amoni a conpleXx of sjlver salt and the fatty acid

. . . or

anmoni a sJpixtygcdesompages duing the hasting, the fattycanig) carhenizes and ajds in the:i g
and si |l verredudticn ¢ff theél silver 36 the/inetédl, ¢ M xute of salts during the process of
drying in the Lot drver. This mxture does. not.have.the tendency to
crystallize, 6'5}1’- %&h‘ﬂ}dy?eor‘?ﬁga?suﬁism ' MS%?? r?ﬂlso - &m ﬁl%d%ﬁe‘a%aqtﬁ’%r
of bot hl @ateinedmixtuge tdontsiningcmu e iper dexdt hyn weightti brsist eluminume bride t74.96! tow Y
evenly ovey, € sHIHRibxigl " foukdoble d&’uhﬁ’dx‘w _ i ot fols es -
~during th?‘lhé'%t’i ng, %@%t@%ﬁ@@%ﬁ gom zes -anq&gl’%?gsll' n %’h@re%uc%‘?\?of -
the silvel.8ota A& st ealciumh oxidec)d.Brfai 134%1 magnesium oxide I8l tml81%+ femmia hi s
appl i cati QRideS0.f5 t60.23% Aid/tildhiGm! Boxi€ 011 th W FB96.oNt ai ning on a percent by
wei ght basis: alum num oxide 74.96 to 84.71% silicon dioxide 20.99 to
-10.83% sodiumoxide 0.75 to L64% potassiumoxide 0.19 to 0.67% calcium
oxide 0.33 to L34% nmagnesiumoxide 0.81 to 1.81% ferric oxide 0.15 to
0.24% and titaniumdi oxide 0.21 to 0.36%



conprises: (a) confacting an inert porous carrier with a pre-treating .
I|qU|d t.o wet the surface of the carrier (b) thereafter contacting the
carrizer: wi t-h an ammoni at ed aqueous sol ution 05 of a silver salt
or siyver oxide while the carrier is still wet with the pre- treating
liquid; (e¢) drying the silver solution aggethe carrier; and, (d) heating
the dried carrier at a tenperature sufficient to deconpose silver conpounds

-12- CLAIMB 1. A process for preparing a supported silver catalyst whi CD
v

on the carrier to netallic silver, 10 characterized in that
pre-treating liquid is water or another CLAIMBd sol uble in wat er and havi ng
a boiling point of less than [err]. 2. A process according to claim1
characterized in that the pre-treating tiquid is water or methanol. 3. A

process accordi g t cA@regess for prepariog arsuppaented sidver patalyst wht,chammmﬁe&
.moni ated silver (gpl Uédrﬁ&bt‘i‘ﬁé‘hﬂ'lﬂ&tf waaé)c&ﬂ&owﬁ%@br%ewxehﬁm& thakdtythe

acid having from12 to hQjar bon atons. 4. A process according to any one
of the preceding cl &t4FE the@rised in that the size of the inert carrier
varies from-20 (bp ‘thereafsdr. c&:tactlﬂgnhemﬁeamm dnngninoniabed aqweonfs gohstion

pt ecedi ng,cl ai ns cha z ha rri sh of

r ods 'haV| 5; a di anet%ﬁg%ﬁv%%g sﬁge E‘?n’ﬁ%&nﬁe ‘%?ﬁ%is %t{'h eg Wqﬁ%

mm 6. A process atregtug liguidp cl ai m 5 characterized in that the carrier

has a tap vol unmgepf gﬁgﬁ,ejsﬂ%mgg Hﬁoﬂ%tﬁﬂ%ﬁn&e%mt er. 7. A process
r

aecordlngto cIa|m1 acterlze he si'l ver salt is 25 silver
nitrate. 8. A} oc'@?émgc@&r‘mqﬁ’g"%rblearﬂ} aot@wat% spfficient; 19908 pege silver -

characterized in thagonipeunasonthe earrig @l hetallkie kiledr, deposi ted on the
. ; o 4 ;
carrier 1z from 2% t&l g /t%}/iz\é\gl ﬂlhtthgtf p%g-lthea ?rggr Ilini;qnd is water -or another liquid

soluble in water and havmg a boiling point of less than 105 °%.:

2. A procéss according to claim 1 characterized in that the pre-treating
liquid is water or methanol.

: 3. A process according to claim 1 or 2 characterized in that the am-
15 moniated silver solution contains from 0.5% to 5% of an allphatlc fatty acid having
from 12 to 22 carbon atoms.

= 4. '~ A process according to any one of the precedmg claims charactenzed in
that the size of the inert carrier varies from -20 to +40 mesh.

' 5. A process accbrding to any one of the preceding claims characterized in’
20 that the carrier is in the shape of rods having a diameter of 0.4 mm. to’ 0.6 mm. and
lengths of 0.5 mm. to 2 mm.

&4

- 8. A process according to claim 5 characterized in that the carrier has a
tap volume of 1.3 to 1.8 grams per cubic centimeter. -

7. A process according to claim 1 characterized in that the silver salt is
25 silver nitrate. '

8. - A process according to any one of the preceding claims characterized in
that the amount of metallic silver depcsned on the carrier is from 2% to 8% by
: wexght of said carrier.



-

A process according to any one of the preced| ng cl ai ns,
erized in that: after contacting the carrier with the pre- treatlng
the wetted carrier is placed in a rotary dryer; 05 ’ t he
r is contacted with the aqueous solution of the silver salt or silver
oxide as it noves through the dryer to forma coating of the aqueous |
solution on-the carrier; the coated cartier is dried as it noves through
the dryer; and the dried carrier is thereafter placed in a kiln at a

tenperature 10 _sufficient to deconpose the |Iver [ nds on the dried
carrier to metdli& B'ch@%srac"fﬁgmgﬁ°;ﬁ"§c‘&es° %CR’GFT'FSHEG aims, ghazagkeriged in

precedi ng tHatd ns characterized in that the ammoni ated sil ver sol ution

contains fromO0. 1% 10% . |.u . Sa 0 [ - kel 1.
A process accordi nﬁ'&&g %1‘%}3{:)%@ 3‘?’%?%?1 ﬁthz?heng%&ré}kﬁﬁail eri 22‘18&."3315
that the ceomriegis plaeedineyotasyrdayensry porous granul es having a tap vol une
of 1 togg grams pe&h&%feﬁ?é"&bﬁfﬁ&f‘éd #% Eﬁeeapaa&,s %aldﬁdi%fitx@*sﬁvéman or

granules and is absorb _ eri phera ores_of the granules;
the aqueousilves|oxidenss Hrmoyes Wirpugty tt!?a?'iyebrm §PT’9e“r coptingeof: et %W“%ts%"P\?Br

salt or sibivetie @afkitg; Whi ch deconposes on cal cination at a tenperature bel ow ;
600C, 20 and a fat aci.d _havi.ng. from 12..to 22 e quantity )
of silver salt or _tsti("fsg?t Sﬁaffée'lgﬁ (irhgéa %sollth?Y)eﬁ tg“éﬁl;"%g f‘f&%’@ﬁ? to provide
a netallic sil ver dlh@odmed ocarﬂertisetlyemaiﬂeesplmoe@rmsmgﬂhr atn 4 tempedature ’

wei ght gf §1P rd@@b‘ﬂ)é&i Z&% sﬂvét sadhcﬁfeddrf@i ddritP¥o ‘r?rf%aﬁ{c diftRr.

preceding clains c aract I n t e conposition prepared 1 n step (d)
of the process is therafter enpl oyed as a 25 catalyst for the production of

formal dehyde byp, oxixlgédeess d@é&dfx@tuooaxyoénega@awgre&ahgrmhm eliergetegiieddas
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clains 5, finapnicRelaordedbalt.her characterized in that the pre-treating I|qU|d
is used in an anount sufficient to enter the porous 30 structure of the

carrier and in that the aqueous solution of -the silver salt also contains a
m nor anount oftla fAapraeesy pgcording tany one of claims 1, 2, 4 and 7 characterized in

15 that the carrier comprises refractory porous granules having a tap volume of 1 to 2
grams per cubic centimeter and the wetting liquid wets the granules and is absarbed
within the peripheral pores of the granules; and

the aqueous solution of the silver salt or silver oxlde contains a silver
salt or silver oxide which decomposes on calcination at a temperature below 600 C, '

20 and a fatty acid having from 12 to 22 carbon atoms, the quantity of silver salt or
silver oxide in the solution being sufficient to provide a metallic silver deposit on to
the granules comprising from 1 to 10% by weight of the dry granules. |

12, A process according to any one of the preceding claims characterized in ;-
that the composition prepared in step (d) of the process is therafter employed as a )
25 catalyst for the productlon of formaldehyde by oxidative dehydration of gaseous
methanol with oxygen gas at an elevated temperature.

13. A process according to claim 12 cheracterized in that the catalyst is
prepared in the manner defined in claims 5, 6 and 8 and further characterized in
.that the pre-treating liquid is used in an amount sufficient to enter the porous

30 structure of the carrier and in that the aqueous solution of the silver salt also

contains a eror amount of a fatty agld. o
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I4." A 'process according to claim 13 characterized in that the catalyst i3
al so prepared in the manner defined in claim10. 15. A process according
claim 12 characterized in that the catalyst is prepared {n the manner
defified in claims 3, 5 6, 7 and 8 and further charactertzed 05 in that:
(a) thg/carrjer Is a refractory material; (b) the carriér wetted with the
pre-treéating-liquid solution is contactedﬂﬁkth t he aqueous sol ution of '
silver nitrate in a rotary dryer; (c) the aqueous solution of. silver
nitrate is dried as a coating on_the carrier

count ercurrent phks éeP@Fe?f?o%"c&F‘FmB e Shgm ]c:héh#“ aetarizedripdhat {'H’) cagplygt is also

heating the prephid inntte tidrdr dafihé®in dkim 10.enperature sufficient to
deconpose the silver conpound deposited on said carrier to netallic silver,

the catal yst thus produced is placed in a reactor wherein formal dehyde is
produced at el eviS.ed At prgressitaccesiifg oo cieinn 40 ¢hanaetedized in that the eatalyst is

the presence @B&%?SQV,Q%Q% Sﬁﬁé(rgirﬁﬁgyﬁ‘?tﬁlé’slt awhdir}dtﬂl?tlfe?télal‘ééteh%ed

spent; (e) th I'S remove e ’'réaétor
extractedo’éH@rt@ﬂ‘r‘bmwth nitric acid to obtain silver nitrate; (f) the

resultant silver¢)r egne dipfirlis h%eh‘aéi: thepigdienperature of from 20

‘[err] to 700 C tg.burn off carbo ed in yse of . the catal )
Phe Si1ver ni tr ol ahip oI orevien SUUT b pre-teetioe afadamiutoy & el Spitp
-s%leps (a) tlo (d) to pheaquedusbolution of siivéreni tratedh ywabotarytdryérssupported

'S er catalyst ar by r C

ol ver cotol yot 2" ¥ Budfl shlelol e det SBREPR Fiocla £ BRARESH AESREA0
accordi nglPo claim 16Y@hmt§€¢@r¢!ia&5$g€ernfwh1glaﬂp'eum theeratapjednyer0. 2 to 2.5

nm and a tap Vo{dyme gfifer hedtih® the %oﬂ(e%cam&iﬂé‘d@@i@tatoé télRpératire subtiviRht t&
the catalyst being from1l to 10% by weight of the carrier therein and the

silver being adher endeegnpese ther sib¥rr, gorBpoynd:, depgsited, on sgid Garrder é?l‘Bﬁtache
the silver within thgileayrim dacdlyst Nugr pvdaéed Manpleedofn tah@eadtos k whsseinf

bhot ocopyi ng. the appfPLAIPENSR g aranidiy S elifated Femp LR TEPR Hetmapo! and
anmendnat s 18hi ch ar e dirfini thel preSence@ddhe silVérccantied icaeriert gatelyst uptil theneatlyshg
t hese anendnents naylg)gpehgspect ed on the prem ses of the Patent Ofice
' (e) the catalyst is removed from the reactor and the silver extracted
" therefrom with nitric acid to obtain silver nitrate; |
(f) the resultant silver-free support is heated to a temperature of from
20 . 800°C to 700°C to burn off carbon developed in use of the catalyst; and
(h).. the silver nitrate and carrier recovered in steps (e) and (f) are used in -
steps (a) to (d) to prepare and use further catalyst.

~ 16. . A supported silver catalyst characterized in that it is prepared by a
process according to any one of claims1 to 11. '

L L

T 95 17. A supported silver catalyst according to claim 16 characterized by having
a particle size of 0.2 to 2.5 mm. and a tap volume of 1.3 to 1.8 g/ce., the amount of
metallie silver in the catalyst being from 1 to 10% by 'weight of the carrier therein
and the silver being adherent to the periphery of the carrier, the penetration of the
“silver within the carrier bemg no greater than 1596 of the thlckness of the carrier.

The text of the speciﬁca.tion has been Teproduced vy photocopying the’ a.pplicanta original
typescript. It may contain a few samendments which are difficult to read. The original
typescript containing these anemndments zmay be inspected on the premises of the Patent Office
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