I SPECI FI.CATI-ON¢*wa: - TITLE OF THE I NVENTI ON Process for the Production
of Ayoxals and Catal ysts Theref or BACKGROUND OF THE | NVENTION 1. FIELD OF
EHE | NVENTI ON This invention relates to a novel process for the pro-
duction of glyoxals and catal ysts therefor. Mrre particu- 10 larly, it
relates to a process for the production of glyoxals by the vapor-phase

oxi dati ve dehydrogenati-on reac- tion of glycols with the aid of a specific
catal yst and to such catalysts. 2. DESCRI PTION OF THE RELATED ART 15

G yoxal s are compounds which are very useful as textile processing aids,
paper processing aids, soil stabilggﬁéfF?@gT% ernedi ates in organic-

synt heses, and a variety of pro- cesses 70 1e . production of glyoxals by

oxi dati ve dehydro- genation ofmiingzégiiﬁggiﬁgggiggﬁpposed. 20 - Exanpl es
of such processes include a process using a catalyst conposed of Cu and/or
Ag and phosphorus (Japppeeés&atenttidbdgdictdonNos &39bkais), a process

I nvol ving oxida- tion in the presence of silver crystals having a definite

particle size (0.1 to 2.5 mM) Ad@REH6FE aherBEblki cati on 25 No.
54011/' 86), a process involving oxidation by contact with silver crystals’
in the pbesence of a vaporizable phos- o

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION
This invention relates to a novel prdcess for the pro-
duction of glyokals and catalysts therefor. More particu-

10 larly, it relates to a piocesé for the production of
glyoxals by the vapor-phase oxidative dehydrogenation reac-
iiqn of glycols with the aid of a specific catalyst and to
such catalysts. |
2. DESCRIPTION OF THE RELATED ART

15 Glyoxals are compounds which afe've:y u;eful as textile
processing aids, paper processing aids, soil stabilizers and
intermediates in organic syntheses, and a'variety of pro-
cesses for the production of glyoxals by oxidative dehydro-
genation of glycols have been proposed.

20 Examples of such processes include a process using a
catalyst composed of Cu and/or Ag And phosphorus (Japanese
Patent Publication No. 1364/'73), a process ihvolving oxida-
tion in the presence of silver crystals having a definite
particle size (0.1 to 2.5 mm) (Japanese Patent Publication

25 No. 54011/'86), a process involving oxidation by contact

with silver crystals in the presence of a vaporizable phos-



2 phorus conpound (Japanese Patent Publication No. 49292/'90), a process
for the production of diketones by use of a cata- |yst conprising Ag
grystals and/or Cu crystals having a definite particle dianeter of 0.1 to
2.5 mm (Japanese Patent 5 Publication No. 56214/'88), a process for the
production of nethylglyoxal by use of a catalyst conprising Ag crystals
having a particle dianmeter of 0.1 mmor /) ess (Japanese Patent Publication
No. 40336/'92), and a process for the production of diketones by use of a
catal yst containing Cu 10 or Ag as disclosed-in Japanese Patent Lai d-Open-

No. 156739%n ! a ' b Lyl SNe). S ¥
Japanese Pgthg%t%ngiban?gggg k\%ﬁbazlgg%gd;é%%& %bg'g\%gﬁgoge\ﬁr'aﬁbg?ggeggéé for

produci ng @ prérsdegon thet pPodhélt Pdn aoﬁidm‘@t&@sabfhs&umoat edtgn a
carrier 15 have al so been proposed. For exanple, in lzv. Akad. Nauk. SSSR,

Ser. Khi m 1ye4lcompiriStay, Ageorystalseandioy iGed cayistallsahtedngr at ure of
[err] in the presence of an alum na-sup- ported silver catalyst (wth an Ag

content of définitdopartiele abamepedrof ekul tto (2.5cmm qJapanhesef patemand a
space tinme 20 vyield of 23.8 kg-GX/[err]-cat-hr) were obtained. Qher pro-
cesses & e Rikddlcaddon NoJap6Rt4s' $8) pra prduessatfioon te. pidtiect86naal t he

| i ke, but these processes have the disad- vantage that diluted ethylene

gl ycol is wrssdhydedyorald bPWeupeoefica erirlyst qempyisdmg 89 gryshaelad
ethylene glycol. In 25 addition, a process using a catalyst conprising
silver oxi davdig A pPargirde diameter e h M mmhdessp{rapanpgsl i cati on

Patent Publication No. 40336/'92), and a process for the
production of diketones by use of a catalyst contaiﬁing Cu
10 or Ag as disclosed in Japanese Patent Laid-Open No. 156739/
'88, or a catalyst containing Cu and Ag as disclosed in
'Jépanese Patent iaid—Open No. 258829/'88.
Moreover, several processes foﬁ producing dialdehydes
with the aid of a silver catalyst supporﬁed on a carrier
15 have élso been proposed. For example, in Izv. Akad. Nauk.
SSSR, Ser. Khim., 641-643(1964), reaction was carried out at
a temperature of 600°C in the presence of an alumina-sup-
ported silver catalyst (with an Ag content of 32%). Howev-
er, only poor results (i.e., a yield of 20% and a space time
20 yield of 23.8 kg-GX/m3-cat-hr) were obtained. Other pro-
cesses are disclosed fh:Japaneée Patent Publication No.
4816/'88 and the like, but these processes have the disad-
vantage that diluted ethylene glycol is used and that the
product has a high content of unreacted ethylene glycol. 1In
25 addition, a process using a catalyst comprising silver oxide

and zinc oxide is disclosed in Japanese Patent Publication



3 No. 10570/'78. Thus, there are a number of well-known processes for
produci ng a di al dehyde by oxi dati ve dehydroge- nation of ethylene glycol in
the presence of a copper cata- lyst or a silver catalyst. 5 For
exanpl e, where glyoxal and nethyl gl yoxal are used as textile processing

ai ds or paper processing aids, a high content of inpurities such as

gl ycol al dehyde and acetol is undesirable in that they may cause yell ow ng
and ot her problens. Moreover, where glybxal and nethyl gl yoxal are 10 used
as internediate materials for the manuf act ur e .of dyes drugs, perfunes and

he |ike, hi h d bl
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resul ting aqueous solutton of t e product |.e., gl yoxal nmet hyl gl yoxal ),

it is neceg; Qyogoatggivgp sapderial (i.e., ethylene egcoI or
propanedi ol ) be left and no reaction internedi ates (e.g., glycolal dehyde or

acetol ) spe forpeg eRaiplepxiitdte \tﬂ.&ﬂﬁmdhﬁﬁeﬁéth 9Igiy6fal Gors am@ntdsy
strict manufacturing conditions and an appro- prlate catal yst have been
chosen so aextdlecprecegsinyuiids or paper processing aids, a high

content of impurities such as glycolaldehyde and acetol is
undesirable in that they may cause yellowihg and other
problems. Moreover, where glyoxal'and.methylglyoxal'are_
10 used as intermediate materials for the manufacture of dyes,
drugs, perfumes and the like, a high content of impurities
éu&h as acetpl is undesirable iﬁ that they may induce side
reactions and the like. Thus, it is necessary to minimize
such impurities.
15 Since it is difficult.to separate or remove any
unreacted raw material (i.e., éthylene glycol or
) propanediol) and reaction intermediates (e.g., glycolalde-
hyde or acetol) frdm the resulting aqueous solution of the
product (i.e., glyoxal or methylglyoxal), it is necessary
20 that no raw maﬁerial'(i.e., ethylene glycol or propanediol)
be left and no reaction intermediates (e.g., glycolaldehyde
or acetol) be formed in the oxidative dehydrogenation step.
Consequently, strict manufacturing conditions and an appro-
pfiate catalyst have been chosen so as to decrease impuri-
25 ties at the expense of yield.

Moreover, since particulate silver used as a catalyst is



25 ties at the expense of yield. Moreover, since particulate silver used as
a catalyst is 4 expensive, silver is recovered froma spent catal yst and
reused. The silver can be regenerated, for exanple, by dissolving the spent
catalyst in nitric acid, concentrating the solution to crystallize silver
nitrate, recovering 5 silver nitrate crystals, and el ectrolyzing a solution
of the silver nitrate, or by carrying oq% electrolysis in an elec- trolytic
solution while using the spent silver catalyst directly as an el ectrode, so
"as to precipitate silver parti- cles. The silver thus obtained islbeing
used as a ¢ 0 Sfs LNGYSE.L) : er a_siyl ver

cat al yst m&ﬁﬁ?ﬁeg%‘i&ggd@?még@*r%i%& B%'rs(?'gcf o@&:{:ﬁgaé:n 9(%(gnglglldi dat ed
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unreacted raw material and reaction |nt%rne lates 1's in- ¢reased, thus
-posing a sedi<BE1IEMRPA® spehbecRt&Ppsat i®mDirid laddla,C doplowitsatipgeover,
when supported catalysts pre- pared i1n different lots or on different

scal es are tiseGoliticrOtoerystal IDsé | 41 Bres Uit i)l YeRiovedghyde and
acetol may be increased, even if the raw material is reacted under the 20
same corfli tsineer Hitxatet clrgsthzepn andfeledtrdlyAimpar sclatdoysbE Baei ng
good reproduci bility. For exanple, in Japanese Patent Publication No.

1364/ silver nitrate, or by carrying out electrolysis in an elec-

trolytic solution while using the Spent silver catalyst
diréctly as an electrode, so as to precipitate silver parti-
'cles. The siiver thus obtained is being used as a catalyst

10 for industrial purposes.

However, when a silver catalyst which hés been used for
a.long_period of time and consolidated into a.mass is regen-
erated repeatedly, the content of impurities such as
unreacted raw material and reaction intefmediates is in-

15 creased, thus posing a serious.problem in the preparation of
silver catalysts. Moreover, when supported catalysts pre-
'pared in different lots or on different scales are used, the
content of impurities such as glycolaldéhyde and acetol may
be increased, even if the raw material is reacted under the

20 'same conditions. Thus, it has been difficult to prepare
catalysts having good reproducibility.

For example, in Japanese Patent Publication No. 1364/'
73, the feed rate of ethylene glycol or 1,2-propanediol
(1.333 g-propanediol/cm3-cat-hr) was severelf limited, so

25 that the conversion of 1,2-propanediol (93%) and the space

time yield of methylglyoxal were low and the yield of acetol



73, the feed rate of ethylene glycol or 1,2-propanediol (1.333
g-propanediol/[err]-cat-hr) was severely limted, so 25 that the conversion
of 1, 2-propanedi.ol (93% and the space time yield of nethylglyoxal were |ow
and the yield of acetol 5 (7% was hi gh. Japanese Patent Lai d-Open No.
59933/' 83 di scl oses a process for oxidizing glycols by contact with a
phosphorus- containing silver catalyst in the presence of a vaporizable 5
phosphorus conpound. In Exanple 1 of tRis patent, a glyoxal yield of 80%
was nai ntained for 11 days by reacting a m x- ture of ethylene glycol and
annnniun1prinar§ phﬁsgpate in the presence of a catal yst conprising
particulaté7§)l 2° R&¥Png armmoni um phosphate added thereto. However, this
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i ndustrial "scal'e. U S. Patent 4,555,583 (correspondi ng to Japanese Patent
20 Publi catyiend\of 4929965901 ftabhes ko 1 @agss byoreart iihgi #gnix-
ture of ethylene giycol and ammonium primary phosphate in
the presence of a catalyst comprising particulate silver
having ammonium phosphate_added thereto. However, this
10 process still suffers from a low space time yield. |
| According to a process described in Japanese Patent
éublicatioh No. 54011/'86, a high yield of glyoxal (55-.
66.4%) and a high space time yield (9.4-14.6 g-glyoxal/cm3-
cat-hr) were achieved. However, the conversion was as low
15 aé 97.8-98%. Since unreacted ethylene glycol which cannot
be easily separaﬁed from glyoxal remains and mixes in the
desired glyoxal, this is not a satisfactory process for
producing high-quality products on an industrial scale.
U.S. Patent 4,555,583 {corresponding to Japanese Paten£
20 Publication No. 49292/'90) discloses a process for oxidizing
ethylene glycol by con£a¢t with silver crystals in the
presence of a vaporizable phosphorus compound. In Example 2
of this patent, an ethylene glycol conversion of 100%, a
- selectivity for glyoxal of 80.4% and a selectivity for
25 glycolaldehyde of.1.3% were obtained by_carrying out reac-

tion at a temperature of '501°C. Although the yield of



ethyl ene glycol by contact with silver crystals in the presence of a

vapori zabl e phosphorus conmpound. I'n Exanple 2 of this patent, an ethylene
gl ycol conversion of 100% a selectivity for glyoxal of 80.4%and a
selectivity for 25 glycol al dehyde of 1.3% were obtai ned by carryi ng out
reac- tion at a tenperature of [err]. Al though the yield of 6 glyoxal is
high, this process still has the dlsadvantage that the content of

gl ycol al dehyde as an inpurity is unduly hi gh. The fornmation of

gl ycol al dehyde can be minim zed by use of a catal yst conpr|3|ng fine silver
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aqueous soI i on of silver nitrate or by vacuum osition. In Japanese
Pat ent Publdataiya® bed.56214/' 88, a conver -

In Japanese Patent Publication No. 40336/'92, there wefe
obtained good results including a conversion of 99.9%, a
yield of 63.8-66.1%, a catalyst load of 3.33 g-propylene
10 glycol/g-cat-hr and a space time yield of 2.09 g-
methylglyoxal/g—cat-hr. However, no mention is made of
iﬁpurities_such as acetol. This process has the disadvan-
tage that the fine silver particles used as the catalyst
increase the pressure loss of the catalyst bed. Moreover,
15 it is also disédvantageous that fine silvef particles cannot
obtained in high yield even by electrolysis of an aqueous .
solution of silver nitrate or by vacuum deposition.
_Iﬁ Japanese Patent Publication No. 56214/'88, a conver-
sion of 100-95%, a yield of 84.2-76%, a catalyst load of
20 0.8-1.6 tons/m2-cat-hr and a space time yield of 33.4-57
g/cm3—cat-hr'were obtained in the oxidation of n-hexanediol-
2,5 or 2,3-butanediol. However, the yields of reaction
intermediates such as hexanol-2-one-5 (2.8%, 8.5%) and
butan-3-o0l-2-one (7.1%) were high.' Moreover, the production
25 of glyoxal and methylglyoxal is not specifically described

therein.



sion of 100-95% a yield of 84.2-76% a catalyst load of 20 0.8-1.6

tons/ nR2-cat-hr and a space tine yield of 33.4-57 [err] were obtained in the
qQxi dation of n-hexanediol- 2,5 or 2, 3-butanediol. However, the yields of
reaction internedi ates such as hexanol -2-one-5 (2.8% 8.5% and

but an-3-ol -2-one (7.1% were high. Mreover, the production 25 of gl yoxal
and net hyl gl yoxal is not specifically described therein. 7 Exanpl es of
the production of glyoxal are disclosedn Japanese Patent Laid-COpen Nos.
156739/' 88 and 258829/'88. In the exanple of the production of glyoxal
which is dis- closed in Japanese Patent Laid-Open No. 156739/'88, the 5
yiel'd of gl yox#xamplesypfsbenpgadugtion of GhKaKadi Areodisréopad Mt eri al

94. 29 dth ti i,eld of th duct, (0. 09 | ow.
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with the aitiofr a siiver catalyst suppor on a carrier have al'so been
proposed. | pagufdk &ALl YF4S289N8nd the space time yield of the product

(0.092 g-glyoxal/cm3-cat-hr) were low. Similarly, in.the_
example of the production of glyoxal which is disclosed in
Japanese Patent Laid-Open No. 258829/'88,'the yield of
10 glyoxal (71.5%) was high, but the conversion of the raw
: materiél (99%) and the spéce time yield of the product
(0.082 g-glyoxal/cmﬁ—dat-hr) were low. Moreover, no example
' of the production of meihylglyoxal is disclosed therein.
In addition, a variety of processes for producing
15 dialdehydes with the aid of a silver catalyst supported on a .
carrier have also. been proposed. 1In such catalysts, the
content of silver-ié as low as 5-30 wt.$. For example, in
Izv. Akad. Nauk. SSSR, Ser. Khim., 641-643(1964), reaction
was carried out at a temperature of 600@: in the presence of
20 an alumina-supported silver catalyst (with an Ag content of
32 wt.%). However, only poor results (i.e., a yield of 20%
and a space time yield of 23.8 kg—glyoxal/m?—cat-hr) were
obtained. In Example 2 of Japanese Patent Publication No.
4816/'88, reaction was carried out at a_temperature of 400°C
25 in the presence of an alumina-supported silver catalyst

(with an Ag content of 10 wt.$%), and a conversion of 98%, a



content of silver is as low as 5-30 wt.% For exanple, in lzv. Akad. Nauk.
SSSR, Ser. Khim, 641-643(1964), reaction was carried out at a tenperature
aof [err] in the presence of 20 an al um na-supported silver catalyst (wth
an Ag content of 32 w.% . However, only poor results (i.e., a yield of 20%
and a space tinme yield of 23.8 [err] were obtained. In Exanple 2 of
Japanese Patent Publication No. 4816/'88, reaction was carried out at a
tenperature of [err] 25-in the presence f an al um na-supported sil ver
catalyst (with an Ag content of 10 wt.%, and a conversion of 98% a 8
sel ectivity of 65% and a space time yield of 12 | yox- [err] were
obt ai ned. el vity 9fpﬁg§e§§dc§nﬁ5@°%et¥f®a‘ﬂﬁ9dgé% d0 ¥OxGL¥P¥Fbecause
of its low s ce time yield. 5 In Exaqple 3.qf Japanese Pategt
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cont ai ni ng |un1phosphate in an anmount of 10 200 ppn1as phosphorus.
However, thE"SPtce tine yield was as low as 0.26 kg-glyoxal/[err]. In
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74% were obtained by use of a silver catalyst (with an Ag
content of 8 wt.3%) comprising silver supported on silicon
carbide and containing ammonium phosphate in an amount of

10 zob ppm as phoéphbrﬁs. However, the space time yield was as
lqw as 0.26 kg—glyoxal/nﬁ-cat-hr; In Example 3 of Japanese
Patent Laid-Open No. 156739/'88, a conversion of 92.1%, a
selectivity of 67%, a glycolaldehyde yield of 2.7% and a
.space time yield of_40 kg-glyoxal/m3-cat-hr were obtained by

15 carrying out reaction at a temperature of 360°C in the
presence of a catalyst comprising silver-coated steatite
spherules. Aithough the yield is high, this process has the
disadvantage that the product contains considerable amounts
of ﬁnreacted ethylene glycol and glycolaldehyde and that the

20 space time yield is low.

Furthermore, in Joufnal of Cataiysis, 142, 729-734(

1993), a conversion of 98.5%, a selectivity of 73% and a
spacé time yie;d'of 920 kg-glyoxal/m3-cat-~-hr were obtained
by carrying out reaction at a temperature'of 550°C in the

25 presence of a silicbn carbide-supported silvef catalyst

(with an Ag content of 5 or 8 wt;%). However, this process



15 carrying out reaction at a tenperature of [err] in the presence of a
catal yst conprising silver-coated steatite spherules. Although the yield is
hi gh, this process has the disadvantage that the product contains
consi der abl e amobunts of - unreacted et hyl ene glycol and gl ycol al dehyde and
that the 20 space tine yield is low. Furthernore, in Journal of Catalysis,
142, 729-734( 1993), a conversion of 98.5% a selectivity of 73% and a
space tinme yield of 920 kg-glyoxal /nB-ca®-hr were obtained by carrying out
reaction at a tenperature of [err] in the 25 presence of a silicon
car bi de-supported silver catalyst (with an Ag content of 5 or 8 w.%.
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consider- abl e anount of_unreacted ethyl ene col and that the s ace tine
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l'y high sp ge tine ggeﬂd of nethyl glyoxal (i.e., 1,768-8, 071

g-methyl gly SR R CW?) was achi eved by use of a catal yst conprising
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catalyst comprising silver oxide and zinc 6xide supported on
silica or alumina. However, this process is Still_unsatis-
factory in that the conversion of 1,2-propanediol (96.3-
10 86.9%) was low aﬁd the content of impurities such as acetol
{5.0-11.3%) was high. It is also described therein that, in
a comparative example using a catalyst comprising 40 wt.$ of
silver supported on alumina sol, the reaction yield (48.4%)
and the space time yield (1.3 g-methylglyoxal/cmﬁ-cat;hr) |
15 were low and the contents of impﬁrities such as acetol
(2.4%) and acetaldehyde (8.2%) were high.
Thus, there has not yet been developed a silver catalyst
which are useful in the practical production of glyoxals and
can.achieve a high conversion, a high selectivity and a high

20 space time yield while minimizing the content of impurities.

SUMMARY OF THE INVENTION
It is an object of the present invention to providé a
process for the production of glyoxals which can achieve a
25 high conversion, a high selectivity and a high space time

yield while minimizing the content of'impurities.



silver supported on alumna sol, the reaction yield (48.4% and the space
time yield (1.3 g-nethyl glyoxal/cnB-cat-hr) 15 were | ow and the contents of
impurities such as acetol (2.49% and acetal dehyde (8.2% were high. Thus,
there has not yet been devel oped a silver catalyst which are useful in the
practical production of glyoxals and can "achieve a high conversion, a high
selectivity and a high 20 space tine yield while mnimzing the content of
i npurities. SUMMARY OF THE | NVENTION It 10s an object of the present

i nvention to provide a process for the production of glyoxals which can
achieve a 25 high conversion, a high selectivity and a high space tine
yiel d while mntthils fpathercohiest of rheupreseat inventian it pxevade

obj ect of the esent. inventi,on to provide npvel gcatalysts which can be
ised i n ¢ hi BOPEhRARLYRRS FPSehnEanpenteed T8 thiS P TIRERy ve
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i-nvention, %%ere_ls pr ovi-ae process to “prod i on of oxal's whi ch
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conposed 0fo§iéﬂf&of§¥jéﬁd|H%¥@3n6&ec8h§méﬂéd the present invention.
According to the presen£ invention, there is provided a
process for thé-production of glyoxals which comprises
effecting the o#idative dehydrogenation of a glycol at a
10 temperature of 400 to 700°C in the presence of a silver-
based catalyst composed of silver and at least one element
selected frdm the group consisting of gold, platinum, rhodi-
um and palladium, and phosphorus or a phosphorus compound.
When the process of the present invention is employed to
15 produce glyoxals from the correépoﬁding glycols (é.g., 1,2-
propanedioi and ethylene glycol), the amount of silver used
can bé reduced, the useful life of the catalyst can be
prolonged, the stability of the vapor-phase dehydrogenation
reaction can be improved, and the degree of conversion of
20 the raw material can be enhanced. Thus, glyoxals such aé
methylglyoxal and glyoxal can be produced in high yield so

as to bring about very great industrial advantages.

25 The present invention will be more specifically de-~

scribed hereinbelow.



sel ected fromthe group consisting of gol'd, platinum rhodi- um and
pal | adi um and phosphorus or a phosphorus conpound. Wien the process of the
present invention is enployed to 15 produce glyoxals fromthe
correspondi ng glycols (e.g., 1,2- propanediol and ethylene glycol), the
amount of silver used can be reduced, the useful life of the catal yst can
be prolonged, the stability of the vapor-phase dehydrogenati on reaction can
be inproved, and the degree of conversibh of 20 the raw material can be
enhanced. Thus, glyoxals such as nethyl gl yoxal and gl yoxal can be produced
in high yield so as to bring about very great industrial advantages.

DETAI LED DESCRITrE alycplsHrhprirrearpe dRDIAENRY materialshanpkReent

i nvention will be nore specificallg,de- scri bed herei nbel ow, The gl ycols
whi ch can RFeRENF JOVERARLRR: aFFfRLined A8 FIRARnds, i N8 IQLLoNERTI ned as
conpounds o}eqth followi ng formula (I): [err] where n is a whole nunber of
0 to 10, pr *or 1, and [err] and [err] are hydrogen atons or al kyl

groups, preferably hydrogesygat ons orogret hyl groups, and may be the sane or
10 different. The gl yoxal si

wWhi ref desi red prqoducts in the present
i nventigp can be repre&ﬁﬁ?ﬁ#ﬁéﬁﬁ eE;oI owi ng ﬁggnula (11): 3
4 | H = H '

where n is a whole number of 0 to.10, preferably 0 or 1, and
Rl and R2 are hydrogen'atoms or alkyl groups, preferably
hydrogen atoms or methyl groups, and may be the same ér
10 different.
The glyoxals which are desired products in the present
invention can be rgpresented by the following formula (IT):
R3—(i—(- CH ;45 ¢—R" (1)
; ;
15 where n is a whole.number of 0 to 10, preférably 0 or 1; and
| R3 aﬁd R4 are hydrogen atoms or alkyl groups, preferably
hydrogen atoms or methyl groups, and may be the same or
different. |
The silver-based catalyst used in the present invention
20 is composed of silver, which constitute the principal compo-
nent thereof and used as such or in the form of a supported
silver catalysf, and at least one element selected from the
group consisting of gold, plétinum,_rhodium and palladium.
' As the silver catalyst, there may be used crystalliné silver
25 particles obtained, for example, by electrolysis of an

aqueous solution of silver nitrate, shavings of metallic



15 where n is a whole nunber of 0 to 10, preferably O or 1, and R3 and R4
are hydrogen atons or al kyl groups, preferably hydrogen atons or nethyl
groups, and may be the sanme or different. The silver-based catal yst used in
the present invention 20 is. conposed of silver, which constitute the
princi pal conmpo- nent thereof and used as such or in the formof a
supported silver catalyst, and at | east one el enent selected fromthe group
consisting of gold, platinum rhodium ah® palladium As the silver
catal yst, there may be used crystalline silver 25 particles obtained, for
exanpl e, by electrolysis of an aqueous sol ution of silver nitrate, shavings
of netalli®ilvery gilyer partigleppRtainad My sorayipg apfaguapching
guenching nolten silver, or SUB orted siJver. No particular limtation is
€T.aPFi BFDRS

“placed on tMHER S PRYEET P esent i nvention, and there may
B, 2, SPOSEn SN0 hEcHENAl e R o SBETRUERGRE! €T
CoLa YL e i e Pleb 80 BAAE kol RS iy, ST !
T o o o SpRF i BatBEes Enhclyenydony S ity ) den
i norgani ¢ coAmoiEKls. HewelB@SeiiBi 8T pPéfersbld -to use a material which
| has essentially no catalytic activity in itself and is
characterized by a relatively small specifig.surface area
and a relatively émall particle diameter. The materials
10 useful as carriers include, for example, oxides, nitrides,
carbidés and intgrmediatercompositions_thereof, as well as
éther inert inorganic compounds. Of these materials, sili-
ca, alumina, zirconia, silicon nitride and silicon carbide
having, for example,'a specific surface area of'S m2/g or
15 less, preferably 0.01 to 2.0 m2/g, and a particle diameter
| of 25 to 1,000 uym, preferably 50 to 500 um, are especially
preferred. In order to prepare a supported catalyst, such a
éarrier is impregnated with an aqueous solution of a silver
cémpound and then subjected to a series of operations in-
20 cluding mixing, drying, firing, grinding and classification.
This procedure is repeated until a suppérted catalyst having
a desired silver content is obtained.
The amount of silver supported is preferably in the
range of 50 to 95 wt.%$ based on the dombined weight of the

25 Silver and the inert carrier.

The at least one element selected from the group con-



ca, alumna, zirconia, silicon nitride and silicon carbide having, for
exanpl e, a specific surface area of 5 [err] or 15 less, preferably 0.01 to
2.0 n2/g, and a particle diameter of 25 to 1,000 [err], preferably 50 to
500 [err], are especially preferred. In order to prepare a supported

catal yst, such a carrier is inpregnated with an aqueous solution of a _
si |l ver conpound and then subjected to %éieries of operations in- 20 cluding
m xi ng, drying, firing, grinding and cl*a&ssification. This procedure is
repeated until a supported catalyst havi ng a desired silver content is

oo 5 oB PEENE o “\%Eolrahpgb fter adizim t“%qe&“e%e o o
SPeti my ofPhy addd eﬁi&% R0 a8 ssa?a%%t el basishgea in
an- amunt , 5aso ¥ &S5 efb QY. AN ﬂt&@eg Feraﬁti %0%11%&%1 v}é).%(}@%%\@aénégtmre

preferably 0.01 to 5 wt. % and nost on the

silver. t f digt i h ﬁ%ﬂg& be
mel t ed togg§ﬁer mﬂﬁ%“ﬁdﬁ@&fPZTﬁg Fes% F?ﬁgsgro uct can be usggpfﬁg¥he form
of Wi resormébRudNes A0t idn,t %&@he&éﬁtegonﬁéta&ded Mdy'®d HeTe@lg particles

obt ai ned by sprayi ng and quenchlng the nelt. Alternatively, these elenents
may be addedgéthemdvith siyvert.ed The aesutvengcﬁ@dm dih iB@e@d@tinng t he

stiver the form of wire or shavings made of the solidified melt or
in the form of particles obtained by spraying and quenching
the melt. Alternatively, these elements may be added to and
10 supported on a silver catalyst by impregnating the silver
catalyst with an aqueous solution of at least one compound
of gold, platinum, rhodium or palladium and then subjecting
the impregnated silver catalyst to a series of operations
including mixing, drying, firing, grinding and classifica-
15 tion.’
These metallic elements are preferably used in such a
form as to coat the silver partially.
A desired eatalyst can be obtained by suspending a
silver catalyst (such as electrolytic silver or suppdrted
20 siiver) in an aqueous solution 6f'at least one compound of
gold, platinum, rhodidm or palladium, alkalifying the sus-
pension with ammonia or the like, and reducing the silver
catalyst with the aid of a reducing agent (such as formalin
of hydrazine) or flowing hydrogen gas. When the silver-
25 .based catalyst is heat-treated at a temperature of 200

to 700°C in a reducing atmosphere or an atmosphere of



catalyst with an aqueous solution of at |east one conpound of gold,

pl ati num rhodi umor palladium.and then subjecting the inpregnated silver
catalyst to a series of operations including mxing, drying, firing,
grinding and classifica- 15 tion. These netallic elenents are preferably
used in such a formas to coat the silver partially. A desired catal yst can
be obtai ned by suspending a silver catalyst (such as electrolytic silver or
supported 20 silver) in an aqueous soluigon of at |east one compound of
gold, platinum rhodiumor palladium alkalifying the sus- pension wth
ammoni a or the like, and neducing t he shé§$r catal,yst .with the aid of a
reduci ng ag¥htineXici9ass PréPraFPnib? PERIrEeT e @XA%dVRy hydrogen gas.

When the silver- 25 based catalyst is heat-treated at a re of 200
to [err] irfeh¥RRgd l&Pnﬁ?ﬁﬁ%i@“brm%EFeﬁﬁ%é ﬁ? 5Fsul¥§23§%a$%ert gas
prior to its%us.e ef(f)r t he oxi dative dehydroganati on reaction, nore. '
pref erabl e PR can be obtained. In the present ‘invention, the addition

of such an el e-1p JRD breBefes ihyehe 842! 1 dieflee biencen!egls of

unreacted raw nmateri a reaction i nternmed ates such-as glyco dehyde,

acetol apd ﬂ%ﬁ%&'%‘ﬂi@vé@ﬁﬁ%%sttééﬁ PEKESe Ithed @oHitenest geachi eve a high
conversi on of glycols

unreacted raw material and reaction intermediates such as

glycolaldehyde, acetol and acetaldehyde. Mofeover, this

makes it possible to achieve a high conversion of glycols

such as ethylene glycol and 1,2-propanediol and a high

10 selectivity for glyoxals such as glyoxal and methylglyoxal,

while maintaining a long useful life of the catalyst. '

The process of the present invention is based on an
oxidative ‘dehydrogenation reaction carried out with the aid
.of molecular oxygen. Although either pure oxygen or éir may

15 be used as the molecular oxygen, the latter is preferred
from an QCOnomic-point of view. In order to obtain the
desired glyoxal in high yield, the glycol and the molecular
oxygen are reacted under dilution with an inert gas. As the
inert gas, there hay used nitrogen, a rare gas (such as

20 helium or argon), carbon dioxide or water vapor.

Reaction at lower temperatures tends to increase the
contents of unreacted glycol and acetol, while reaction at
higher temperatures tends to increase the fo;mation of
foimalin, carbon monoxide and carbon dioxide. In either

25 case,.the yield of the desired glyoxal is decreased. Ac-

cordingly, the preferred”reactién temperature for the pro-



such as et hylene glycol and 1, 2-propanediol and a high 10 selectivity for
gl yoxal s such as gl yoxal and nethyl gl yoxal, while maintaining a | ong useful
|ife of the catalyst. The process of the present invention is based on an
oxi dati ve dehydrogenation reaction carried out with the aid of nol ecul ar
oxygen. Al though either pure oxygen or air may 15 be used as the nol ecul ar.
oxygen, the latter is preferred froman econonm c point of view. In order to
obtain the desired glyoxal in high yield5 the glycol and the nol ecul ar
oxygen are reacted under dilution with an inert gas. As the inert gas,
there may used nitrogen, a rare gas (such as 20 heliumor_ argon), carbon

di oxi de or ¢sseroffghe presant daventioneist thpthetxarge tahdd% &9 ncrease
the contents of unreacted glycol and acetol, while reaction at higher
tenperature§°93hds to increase the formation of formalin, carbon nonoxide

and carbon dioxide. In either 25 case, the yield of the degire | yoxal is
decreased. Ac- RrhhPEEseHe HVENS1PEd FQﬁgPP‘Bﬁ’*P?%ﬁ%r%ﬁ Lﬁit"sfpg’r"'g‘?“%e pr o-

15 cess of the present inventi is.in the range of 400 to [err]. In the
present | nvERFPORES (HAY 1%, oo i EBAREEGE RO PhyPAsetesd | or
oer st chifa b R Hing® P B R AL S i Hhe
separately [rgPi &%y it, as such or as a solution, separately from the
raw material and adding it to the reaction system. The
phosphorus or phosphorus compound is usually added in an
amount of 0.05 to-lb ppm,. as phosphorus, based on the glycol
10 used aslthe raw material. As the phosphorus compound, there
can be effectively used any of various organic phosphorus
compounds including primary; secondary and tertiary
phosphines (such as mono-, di- and trimethylphosphines),
phosphorous esters (such as methyl phosphite and ethyl
15 phosphite), dimethyl methylphosphonate, diethyl
ethylphosphonate and the like.

However, phosphorus compounds having high boiling points
are undesirable because they create the necessity of raising
the temperature of the evaporator to an undue extent and

20 Dbecause they may stay, decompose and accumulate in the
evaporator to corrode the material of the equipment and the
iron rust so formed may migrate to the reaction bed and
affeét the reaction. Consequently, organic phosphorus
compounds having relatively low boiling points,  such as

25 methyl phosphite, ethyl phosphite, methyl phosphate and

ethyl phosphate, are more preferably used. The addition of



raw material and adding it to the reaction system The phosphorus or
phosphorus conpound is usually added in an anmount of 0.05 to 10 ppm as
phosphorus, based on the glycol 10 used as the raw material. As the
phosphorus compound, there can be effectively used any of various organic
phosphorus conmpounds including primary, secondary and tertiary phosphines
(such as nono-, di- and trinethyl phosphi nes), phosphorous esters (such as
met hyl phosphite and ethyl 15 phosphitd&$, dinethyl nethyl phosphonate,

di et hyl et hyl phosphonate and the |ike. However, phosphorus conpounds having
hi gh boiling points are undesirabl e hecause they create the necessity of

rai sing t h6UER PROSPRMINIS COMPOURS, §Aand£1eanEAY (PHPRTS8htthehd 20 because

i or{ al of SLhREOR et LR o PEOFORCPUSPUED £, FEEOTHRPIRRTIA% A8 ¢ ne
Compounds FETRTY TP LI S SRGSBRCPASLaD: HE S0ete CoEEh e ORI 1
POSPI L. oEhIML) PGS NllSer P RIERIgkenlte oLl ARSI o e Tore
carbon onBy Ack e ca s T 05) g ogsebna er PRICE JEh S YN e
formal - degydgf,méghfqggygggi\Mgﬂmdgm@dqgsgmpbgggd;hey are not added.
The present invention is further illustrated by the |
following examples. Howéver, these examples are not to be
construed to limit the invention.
10 Example 1
| (Preparation of catalysts)
a) Of particulate silver obtained by electrolysis, 50 g
of particulate silver‘haVing particle sizes of 500 to 105 pm
was soaked in 500 ml of an aqueous solution Of-chloro-

15 platinic acid containing 0.005 wt.% of platinum based on the
silver. 50 ml of 37% formalin was added thereto with stir-
ring, and the pH of the solution was then adjusted to 10 by
the addition of aqueous ammonia. Reduction by formalin was
qarried out at 50°C for 2 hours, followed by filtration,

20 water washing and drying. Thé resulting catalyst was called
"catalyst A".

b) of particulate silver obtained by electrolysis, 50 g
of particulate silver.having particle sizes of 500 to 105 um
was soaked in an aqueous solution of chloroplatinic acid

25 containing 0.05 wt.% of platinum based on the silver. Then,

reduction by formalin was carried out in the same manner as



5 As aresult, the yield of the desired product such as glyox- al or

nmet hyl gl yoxal is markedly inproved. The present invention is further
“illustrated by the follow ng exanples. However, these exanples are not to
be construed to Iimt the invention. 10 Exanple 1 (Preparation of
catalysts) a) O particulate silver obtained by electrolysis, 50 g of
particul ate silver having particle sizes of 500 to 105 [err] was soaked in
500 m of an aqueous sol ution of chlorol715 platinic acid containing 0.005
wt . % of platinum based on the silver. 50 M of 37%formalin was added
thereto with stir- ring, and the pH of the solution was then adjusted to 10
by the addi feorcatakiftedus FheorrsulRéagdceabalyst MAsdaldeths casplyal out
at [err] for 2 hours, folloowed by filtration, 20 water washi ng and drying.
The resul tiBg-catal yst was called "catalyst A'. b) O particulate silver

obt 2 ned by o et {8l Ysl s 80l HaEk! ShlalSeal by ep I a1 5 51 7o0
25, contal i 29 SafPuin gt A BUTLRSRLcPRGio Bldy by SHPRe Bk Cr oY
resul ti ng c3Lg | Y3k ¥R Si g aAA ea%lé%?:tsaISSEEtﬁan of chloroplatinic acid'
containing 0.5 wt.% of platinum based on the silver. Then,
reduction by formalin was carried out in the same manner as
fof catalyst A. The resulting catalyst was called "catalyst
c".

10. d) Of particulate silver obtained by electrolysis, 50 g
of paréiculate silver having particle sizes of 500 to 105 um
was soaked in an aqueous'solution of chloroauric acid con-

- taining 0.2 wt.% of gold based on the silver. Then, reduc-
tion by formalin was carried out in the same manner as for

15 - catalyst A. The resulting catalyst was called "catalyst D".

e) 6f particulate silver obtained by electrolysis, 50 g
of particulate silver having particle sizes of 500 to 105 um
was soaked in an aqueous solution of rhodium chloride con-~
taining 0.2 wt.$ of rhodium based on the silver. Then,

20 reduction by formalin was carried out in the same manner as
for datalyst A. The resulting catalyst was called "catalyst
E".

f) Of particulate silver obtained by electrolysis, 50 g
of particulate silver having particlé sizes of 500 to 105 um

25 was soaked in an aqueous nitric acid solution of dinitro-

diamminepalladium containing 0.2 wt.% of palladium based on



c) O particulate silver obtained by electrolysis, 50 g of particul ate
silver having particle sizes of 500 to 105 pm5 was soaked in an aqueous
solution of chloroplatinic acid containing 0.5 wt.% of plati num based on
the silver. Then, reduction by formalin was carried out in the same nanner
as for catalyst A The resulting catalyst was called "catalyst C'. 10

d) O particulate silver obtained by electrolysis, 50 g of particul ate
silver having particle sizes of 500 to 4®5 pm was soaked in an aqueous

sol ution of chloroauric acid con- taining 0.2 wt.% of gold based on the
5|Iver Then, reduc- tion by formalin was carried out in the sane panner as

for . catheysilyer. THEheRs (FEGURE QR émﬁolmshear'ﬁ‘édcat‘,ﬁ%%ﬁiy%?t DN ) O

partlculate silver obtained b eIectroI Si_s g _of rticul | ver
havi ng par th€| §28L;BaNRLL 53 %’Vaé soi dreﬁug 13&88%%&%# uti on of

rhodi um chl ori de.con- ., %)of r hodi um based on the silver.
Then, 20 r@ﬁﬁc??&ﬁ ay ?ﬁ#ﬁ£¥§ﬁqﬂa§ carried out in the same manner as for
catalyst A. _The resgltlng catal yst was called "catalyst E'. f) O
partlculatéR§PF$éP btained by electrolysis, 50 g of particulate silver

I P e g e e R T
pal | adi um hasqdieds stlgl reactor having an inner diameter of 27.4 mm
was packed with 6 ml of a fraction having particle sizes of
500 to 250 um so as to form the lowermost catalyst layer.
Then, 5 mi of a fraction having pérticle sizes 6f 250 to 150
10 pum was placed on thé lowermost catalyst'layer and, further,
4 ml of a fraction having particle sizes of 150 to 105 ium
was placed as the uppermost catalyst layer. |
To the reactor packed in the above-described manner were
fed 1,2-propanediol containing trimethyl phosphite in an
15 amount of 3 ppm, as phosphorus, based on the 1, 2-propanediol
at a rate of 125 g/hr, water at a fate of 125 g/hr, air at a
rate of 190 liters/hr, and nitrogen at a rate of 500 li-
ters/hr. These components were fed through an evaporator
and a preheater so as to form a descending flow. After the
20 reaction was continued at a predetermined_temperature for 10
days, the reaction gas was cooled and the product was col-
lected by sepafation in an absorption column using water as
absorbent. The results of the reactions are-shoWn in Table
1.
25 Example 2

In the same manner as in Example 1, a stainless steel



the silver. Then, reduction by formalin was carried out in the same manner
as for catalyst A The resulting catalyst was called "catal yst F".
(Reaction) 5 For each of the above-described particulate catalysts, a
stainl ess steel reactor  having an inner dianeter of 27.4 nmmwas packed with
6 mM of a fraction having particle sizes of 500 to 250 [err] so as to form
the | owernost catalyst layer. Then, 5 m of a fraction having particle
sizes of 250 to 150 10 [err] was placel®on the | owernost catalyst |ayer
and, further, 4 m of a fraction having particle sizes of 150 to 105 [err]
was placed as the uppernost catalyst |layer. To the reactor packed.in the
above- descriesstorahavingeps ingen dianetinmaf A7 -doAMaiasngackedevhih
phosphite in an 15 ampunt of 3 ppm. as phosphorus,, baseg on the

1, 2- pr opaneptdilyst B gt asoto150rm, threqayers havinge di f?fgng/ hr, air at
arate of 190 ljiters/,hr, and nitrogen at a rate of 500 Ji=: t hr..., These
conponent s RAEFEFE SiFe§agh TR e %%%ﬁ?ﬂ %ﬁﬁj@fspﬁEﬁé&FthEBSégé?Bg?orn\a

cesoendt o0t o’ K57 ARHA LSS i S Sprfeagaer ne
col |5 o B PR RArkaeRoRPonl AN AD 4 Thats L YBkCknegugie) et
same manner s JdL FEMe the 8ambahBhSSs &4 681 Example 1. The results
of the reaction are shown in Table 1.
c i E le
In the same manner as in Example 1, a stainless steel
10 reactor having an inner diameter of 27.4'mm was packed with
particulate silver obtained by electrolysis so as to form
three layers having different particle sizes. Then, reac-
tion was carried out by passing a reaction gas through the
reactor in the same manner as in Example 1. The results of
15 the reaction are shown in Table 1.
C a ive e 2
In the same manner as in Example 1, a stainless steel
reactor having an inner diameter of 27.4 mm was packed with
each of catalysts A-F so as to form three layers having
20 different particle sizes. Then, reaction was carried out by
passing a reaction gas through the reactor in the same
manner as in Example 1, except that no phosphorus was added
to the reaction gaé. The results of the réaqtions are shown
in Table 1.

25



19 reactor having an inner diameter of 27.4 mmwas packed with catalyst D
so as to formthree |layers having different particle sizes. Then, hydrogen
gas was passed therethrough at [err] for an hour to reduce the catalyst.
Thereafter, 5 reaction was carried out by passing a reaction gas through
the reactor in the sane manner as in Exanmple 1. The results of the reaction
are shown in Table 1. Conparative Exanple 1 In the sane manner as in
Exanple 1, a stainless steel 10 reacto?ohaving an inner dianeter of 27.4
nm was packed with particulate silver obtained by electrolysis so as to
formthree | ayers having different pgg%#cl sizes. Then, reac- tion was

carried out by passing a reaction ga fotigh the reactor in the sane
manner as i h Exanple 1.|Rdaetidsu tcsnvet- Izeréhavi qaablonral 8padiovind [} Tabl e
1. Conparat|ve Exanpl e Prdmpetdle 5ith BRINNRY fur | N dosedh! €| fier stainl ess
steel reactpr having an|idraeiecdi ppet@y diucz7¢¥h M was packegsomsiixyedch of
cat al yst s AH—s6—as—te—formthrep—tayers—havRg—7mo—a-Herert—partieHe
sizes. Then|Exampiech was carriefd out by passingla reacti on gas thrqugh the
reactor in fhey grapher 4a% | n| Eygngl § 1.gpgcedt thag no phgsghorys was
added togt hge ré%%gﬁan gas. ?he results af tﬁmareactions are shown i Table
1. 25 Catalyst B 490 99.9 65.9 3.4 5.0
Catalyst C| 495 99.9 | 68.2 1.9 | 5.2
Catalyst D 494 99.8 67.0 2.8 5.2
Catalyst E 492 99.9 68.5 2.9 5.3
Catalyst F 492 - 99.8 67.8 2.2 5.4
Example 2 491 99.8 69.7 1.7 5.2
10
Comp.Ex.1 483 99.9 61.0 6.7 4.6
Comp.Ex.2 '
Catalyst A 494 99.9 54.7 6.1 3.8
Catalyst B 498 99.9 56.3 5.7 4.1
Catalyst C 500 99.9 56.5 5.2 4.2
Catalyst D 501 | 99.9 55.4 4.9 4.1
15
Catalyst E| 498 99.9 57.1 5.5 | 4.4
Catalyst F 499 99.9 56.8 4.6 4.3

Note: PG and MGX represent 1,2-propanedioi and
- methylglyoxal, respectiéely.
20 Example 3
In the same manner as in Example 1, a stainless steel
reactor having an inner diameter of 27.4 mh was packed with
each of éatalysts E;and F. To the reactor so packed were
fed ethylene glycol containing trimethyl phosphite in an
25 amount of 3 ppm, as phosphorus, based on the ethylene glycol

at a rate of 150 g/hr, water at a rate of 150 g/hr, air at a



éO Table 1 Reaction Conver- Selectiv- Yield of Space tinme tenpera- sion

of ity for acetol - yield ture (O PG (% MGX (9% [err] Exanple
Catal yst A 486 99.9 62. 8 5.0 4.8 Catalyst B 490
99.9 65. 9 3.4 5.0 Catalyst C 495 99.9 68. 2 1.9
5.2 Catalyst D -494 99.8 67.0 2.8 5.2 Catalyst E 492
99.9 68. 5 2.9 5.3 Catal yst 492 99. 8 67.8 2.2
5.4 Exanmple 2 . 491 99. 8 69. 21 1.7 5.2 Conp. Ex. 1

483 99.9 61.0 6.7 4.6 Conp.Ex.2 Catalyst A 494
99.9 54.7 3.8 Catal yst B 498 99.9 56. 3 5.7
4.1 Catal ystake of é’@@ 11t958@5hrr 8R( 5nltr°ger5 gt a rate pfcHBA yé+- D 501
99.9 55. 4 498 999 7.1

5 5 - /(lift “al @Fsg cogggnentggwgre S%e% thropgh an evaporagoy npte: PG

 Evanpl o éef’%ﬁea”tpéér?éa%%%"é ERGR gnp?eéfa&%wﬁ% "o peker) be o
having an 'fggﬂﬁfg PARRECY oﬁllaueé ] 5%‘j“ﬂ¥he reaction gas was
5 cooled and the product was collected by separation in an
absorption column using water as absorbent. The results of
the reactions are shown in Table 2.
Ccmgarétive Example 3
In the same manner as in'Examplé 3, a stainless steel
10 reactor having an inner diameter of 27.4 mm was éacked with
particulate siiver obtained by electrolysis so as to form
three layers having different particle sizes. Then, reac-
tion was carried out by passing a reaction gas through the
reactor in the same manner as in Example 3. The results of

15 the reaction are shown in Table 2.

Table 2
Reaction |Conver- |Selec~ |Yield Space time
tempera- sion of ! tivity |of G- yield

ture (°C) |EG (%) for GX |CHO (%) | (g/cm3.hr)
: (%) '

Example 1
20 Catalyst E 599 99.8 64.3 0.20 6.3
Catalyst F 596 99.7 63.9 | 0.18 | 6.5
Comp. Ex. 3 604 99.7 | 60.1 | 0.41 5.5

Note: EG, GX and G-CHO represent ethylene glycbl, glyoxal
25  and glycolaldehyde, respectively. |
- Example 4 |



each of catalysts E and F. To the reactor so packed were fed ethyl ene
glycol containing trinethyl phosphite in an 25 anpunt of 3 ppm as
phosphorus, based on the ethylene glycol at a rate of 150 g/hr, water at a
rate of 150 g/hr, air at a 21 rate of 280 liters/hr, and nitrogen at a
rate of 650 |li- ters/hr. These conponents were fed through an evaporator
and a preheater so as to forma descending flow. After the reaction was
continued for 10 days, the reaction gas2das 5 cooled and the product was
col l ected by separation in an absorption colum using water as absorbent.
The results of the reactions are shown in Table 2. Conparative Exanple 3 In
the sane natRfrgpacatiencefnerEadystsytai nl ess steel 10 reactor having an

i nner dianeter of 27.4 nmm was,packed,with partjculate silver obtained b
el ectrol ysi s s@hsdh F Sfnshicg haying ?la%??f'g‘fgicf ﬁé‘lrgﬁ'FepﬁFF?c?g gi’ esy

eactor | n THS SHb rBAREIole e oyt it SPBbEPP L8 4 PrE ot act  on
fempera S0 25T gy 15,855 2Ry TRrEY iy 25wt dy BEGHSREBG 0 (5
[err] Exampi@sLm, 33 wt.% of 105 to 75 pm and 13 wt.$ of 75 to 50 im
was impregnated and mixed with 50 g of a silver nitrate
sblution (prepared from 200 g of silver nitrate and 200 g of
waf.er) , and then d_'ried at 100°C with mixing. The resulting
dry powder was heat-treated in air at 600°C for 30 minutes
10 to prepare a supported catalyst having a silver conteht of
78 wt.é. This gppported éatalyst was called "catalyst G".
. h) 50 g of the aforesaid supported catalyst G was im-
pregnated with an aqueous solution of chloroauric acid
containing 0.5 wt.% of gold based on the silver, and then
15 dried at 100°C with mixing. The resulting dry powder was
heat-treated in air at 500°C for 30 minutes, followed by
cooling, grinding and classification. This catalyst was
‘called "catalyst H".
i) 50 g of supported catalyst G was impregnated with an
20 aqueous solution of ammonium chloroplatinate containing 0.5
wt.% of platinum based on the silﬁer, and then dried at
100°C with mixing. The resulting dry powder was heat-
treated in air at 500°C for 30 minutes, followed by cooling,
grinding and classification. This catalyst was called
25 ‘“"catalyst I". -

j) 50 g of supported catalyst G was impregnated with an



20 Catalyst E 599 99.8  64.3 0.20 6.3 Catalyst F

596 99.7 63.9 ~0.18 6.5 Conp. Ex. 3 604 99.7
60.1 0.41 5.5 Note: EG GX and G CHO represent ethylene glycol,
gl yoxal 25 and gl ycol al dehyde, respectively. Exanple 4 22

(Preparation of catalysts) g) 100 g of silica having a specific surface
area of 1.2 n2/g and a particle size distribution conprising 10 wt. % of 400
to 250 pm 15 wt. % of 250 to 150 [err],2§9 wt.%of. 150 to 5 105 [err], 33
w. % of 105 to 75 [err] and 13 wt. % of 75 to 50 pmwas i npregnated ?nd

m xed with 50 of a.sil.ver nitrate solution (pre ared from 200 of silver
nitrate and® up SoLkion) of ﬁé°%ﬁ‘é‘ﬁ ?f? f 8r’r§x?’ﬁgg 10
resul ting e treated in err or. tes to
prepare a Slfj%ocgﬁwgg sa%" %}lﬁaﬁl%&eﬁ' s?‘l‘@e{h%‘bn Thft c?f 7129 /S‘t hi s
support ed A akal 'y, X _ r [ -
b S st inds B AP
chl or oauri ' Nt gi 5 and t hen
15 dried atcsier ]fs\?\ll ?ﬁ %ﬂ%ﬂ%&s T%@lf;%vgé ti'ng o%q&%%d\/\ggén\%@bhég -treated in
air at [=rrd1ddHiBatiom, esThﬁ.Q'J:QE\E Y v?é@'daﬂg.ecﬂr"'c'&@'aﬁgsﬁng"

classification. This catalyst was called "catal yst

k) 50 g of supported catalyst G was impregnated with an
aqueous solution of palladium nitrate containing 0.5 wt.% of
palladium based on the silver, and then dried at 100°C with
mixing. The resulting dry powder was heat-treated in.air at

10 500°C for 30 minutes, followed by coolipg, grinding and |
classification. This catalyst was called "catalyst K".
kReaction)

Each of supported catalysts H-K was classified. Then, a
stainless steel reactor having an inner diameter of 27.4 mm

15 was packed with 5 ml of a fractioﬁ having particle sizes of
500 to 250 ym so as to form the lowermost catalyst layer.
Then, 5 ml of a fraction having particle sizes of'250 to 150
pym was placed on the lowermost catalyst layer and, further,‘
5 ml of a fraction having particle sizes of 150 to 105 um

20 was placed as the uppermost catalysi layer.

To the reactor packed in the above-described manner were
fed ethYlene glycol containing trimethyl phosphite in an
amount of 3 ppm, as phosphorus, based on the ethylene glycol
ét a raﬁe of 150 g/hr, water at a rate of 150 g/hr, air at a

25 rate of 280 liters/hr, and pitrogen at a rate of 650 1li-

ters/hr. These components were fed through an evaporator



i) 50 g of supported catalyst G was inpregnated with an 20 aqueous sol ution
of ammoni um chl oropl atinate containing 0.5 wt. % of plati num based on the
silver, and then dried at [err] with m xing. The resulting dry powdéer was
heat- treated in air at" [err] for 30 mnutes, followed by cooling, grinding
and classification. This catalyst was called 25 "catalyst Il. j) 50 g of
supported catal yst G was inpregnated with an 23 aqueous sol ution of
rhodi um chl ori de containing 0.5 w. % of 2dhodi um based on the silver, and
then dried at [err] with mxing. The resulting dry powder was heat-treated
i'nair at [err] for 30 m nutes, followed by cooling, r|nd|n and 5

cl assi fi catdnsh.a Pﬂﬁh@a@&FaB9s§Smbg form ey desgending g%t&rophe
supported catalyst G was inpregnated with an aqﬁ;ous sqlutlon of pal | adi um

nitrate corﬁ%ﬁ‘ﬁ'ﬂfﬂj‘ yas ﬁsz'G-BPeﬁafP’éd?-%rﬁ%e neactdon, gAe WAT t hen

o roa 10 Geg1ed errg’r‘f Bt V38, taﬁﬂe%%%ﬁﬁmﬁ%a“r'a g ERa
ghggiliéﬁaﬁ%ﬁgﬁcﬁ “beiBd: FRERS ‘ancibdiptiing; JHEIERLI 800,
naving par 110 &S SaE %&oéiﬁggh%g?ﬁ?ésgagze? ot he Tovar ooyt "

catalyst | &ygfvarative Example 4

In the same manner as in Example 4, a réactor was packed
with supported catalyst G and reaction was carried out. The
results of the reaction are shown in Table 3.

10 Comparative Examéle 5

A reactorlwas packed with each of supported catalysts H-
K in the same manner as in'Example 4. Then, reaction was
carried out by passing a reaction gas ﬁhrough the reactor in
the same manner as in Example 4, except that no phosphorus

15 was added to the reaction gas. The results of.the reactions

are shown ih Table 3.



Then, 5 mM of a fraction having particle sizes of 250 to 150 [err] was

pl aced on the | owernost catalyst layer and, further, 5 mM of a fraction
havi ng .particle sizes of 150 to 105 [err] 20 was pl aced as the uppernost
catal yst layer. To the reactor packed in the above-descri bed manner were

. fed ethylene glycol containing trinethyl ‘phosphite in an anmobunt of 3 ppm
as phosphorus, based on the ethylene glycol at a rate of 150 g/hr, water at
arate of 150 g/hr, air at a 25 rate o®5280 liters/hr, and nitrogen at a.
rate of 650 |li- ters/hr. These conponents were fed through an evaporator
24 and a preheater so as to forma descending flow. After the reaction was
continued for 10 days, the reaction’@R4ewds cool ed and the product was

: : . .
col | ect ed by—sepatrati-of—iR—al—abSor-ptioR—agot-tH—tste—re

et bs9r bent
] id I Ao QUDB’: .
(

T T i :

The results|of 5 the rea®eachisnar CUNEEN |iS819%0I pYRLdConFaReR NVES Exanpl e 4
In the sane|manner as in|Egopgsiae 4| sien efqttdvivas| padked |WiteH suppgrt ed
catal yst G dnd reacti on W&kvrea®fd efEQUf) THET @ u| CE &) t|HE/Fabk¥) dn are
shown in Talll e 3. 10 Conparative Ekanple § (R)reactor was |packed wi ffh each
of supporte Egata&ésas FF K 1 n 1he| sane ngnner as|I n Exanple 4. Thgn,
react i on wad “&&FFr&d “out by passing a readtion gas through the readtor in
t he same”mannercasalystExdnpl 894, exceopt 7t Hat64ue phospherys 6.0

Catalyst I 600 99.9 65.4 0.24 6.1
Catalyst J 601 99.7 64.9 0.21 6.1
Catalyst K 596 99.8 | 63.5 0.28 - 5.9
'Comp. Ex. 4 .
Catalyst G 605 99.7 61.2 | 0.42 5.7
0 Comp. Ex. 5 _
Catalyst H 608 99.8 | 57.4 0.20 5.3
Catalyst I 611 99.9 58.2 - 0.22 5.4
Catalyst J| 609 99.8 | 57.1 | 0.20 5.1
Catalyst K| 608 99.7 | 55.9 | 0.25 4.7
15
Note: EG, GX and G-CHO represent ethylene glycol,
| glyoxal and glycolaldehyde, respectively.
Example 5
(Preparation of catalysts)
20 1) 100 g of a-alumina having a épecific surface area of

0.13 m2/g and a particle size distribution comprising 14
wt.3 of 500 to 250 um, 30 wt.% of 250 to 150 im, 32 wt.3 of
150 to 105 pm, 16 wt.% of 105 to 75 um and 8 wt.$ of 75 to
50 um was treated in the same manner as for catalyst'G to
25 prepare a supported catalyst having a silver content of 56

wt.%. This supported catalyst was called "catalyst L".



15 was added to the reaction gas. The results of the reactions are shown in

Tabl e 3. 25 Table 3 Reaction Conver- Selec- Yield Space tinme

tenpera- sion of tivity of G yield ture [err] EG (% - for GX CHO

[err] Exanpled4 Catalyst H 597 99.7 64. 2 0. 22 6.0 Catal yst.

| 600 99.9 65.4 0.24 6.1 Catal yst J 601 99.7

64. 9 0.21 6.1 Catalyst K 596 99. 8 63.5 0. 28 5.9

Conp. Ex. 4 Catalyst G 605 99.7 26 61.2 = 0.42 5.7 10 Conp.
 Ex. 5 Catalyst H 608 99. 8 57.4 0. 20 5.3 Catal yst | 611

5.1 Catalyst KE) Hog Of theyaforeshidoauppoted CAtRLYRY & e IEG, X and
C OO represent clhyl eng, dlyool o avexsle 28] o vaRlal R SEet Vel V.

containing 1.0 wt.% of platinum based on the silver, and
then dried at 100°C with mixing. The resultihg dry powder

5 was heat-treated in air at 500°C for 30 minutes, followed by
cooling, grinding and classificaiion. This catalyst was
called "catalyst M".

n) 50 g of supported catalyst L was impregnated with an

aqueous nitric acid solution of dinitrodiamminepalladium

10 containing 1.0 wt.$ of palladium based on the silver, and
then dried at 100°C with mixing. The resulting dry powder
Qas heat-treated in air at 500°C for 30 minutes, followed by
cooling, grinding and classification. This catalyst was
called "catalyst N". |

15 'o) 50 g of supported catalyst L was impregnated with an
aqueous solution of chloroplatinic acid containing 1.0 wt.$
of platinum based on thé silver, and then dried at 100°C
with mixing. The resulting dry powder was reduced by heat-
ing it in an atmosphere of hydrogen gas at 300°C for an

20 hour, followed by cooling, grinding and classification.
This catalyst was called "catalyst O".

p) 50 g of supported catalyst L was imptégnated with an
aqueous solution of palladium nitrate containing 1.0 wt.% of
palladium based on the silver, and then dried at 100°C with

25 mixing. The resulting dry powde: was reduced by heating it

in an atmosphere of hydrogen gas at 500°C for an hour,



20 1) 100 g of a-alum na having a specific surface area of 0.13 [err]
and a particle size distribution conprising 14 w.% of 500 to 250 pm 30
wt. % of 250 to 150 [err] 32 wt.%of 150 to 105 [err], 16 w.%of 105 to 75
[err] and 8 Wt.%of 75 to 50 [err] was treated in the sanme nmanner as for
catalyst Gto 25 prepare a supported catal yst having a silver content of 56
wt.% This supported catalyst was called_"catal yst L". 26 m 50 g of the
af oresai d supported catalyst L was im EFegnated wi th an aqueous sol ution
of chloroplatinic acid containing 1.0 wt. % of. platinunrbased on the silver,

and then dried at Jerr] w.th nrxrn The r t|n pomde 9 _was

heat - treateﬁ°fip¥ﬁé(§¥ ﬁ?&lﬁPgFogré ding aad Li ﬁﬁFQCOoIPﬁﬁ grindi ng
and classificatio | | v ) Led "catalyst M. n) 50 g of
supported c%?%ﬂ?’sﬁm Iya\%ai?aﬁgpgeg%?ggy% th an aqueous nitric acid solution
of d|n|trodt§g%P§$§ﬁ? | adi um 10 containing 1.0 w. % of pall adi um based on
the silver, an dried at [err] with m xing. The resulting dry powder

was heat -t r eat ggl, ﬁE?O&%% c59512€t91ﬁQ§Qﬁasf§lé GQV Cofb hng
grindi ng and cIassrflcat |s catalyst was cal e “catal yst N'.
0) 50 g 9f stPPPIdHI Raleal E%hc%oﬁaﬁa0ﬂ§§eﬂﬂaiﬁﬁéﬁ“dihﬁﬁkéQQ%EOQS iohhilon of
chloroplatinic acid containing 1.0 of platinum based on the silver,
and then drvgsl pdcKeal mith 5 ml of a fraction having particle sizes of
500 to 250 um so as to form the lowermost catalyst layer.
Then, 5 ml of a fraction having particle sizes of 250 to 150
um was placed on the lowermost catalyst layer and, further,
10 5 ml of a fraction having particle sizes of 150 to 105 um
- was pléced as thg uppermost catalyst layer.
| To the reactor packed in the above-described manner were
fed 1,2-propanediol containing trimethyl phosphite in an
amount of 3 ppm, as phosphorus, based on the 1,2-propanediol
15 at a rate of 140 g/hr, water at a rate of 140 g/hr, air at a
rate of 220 liters/hr, and hitrogen at a rate of 400 1li-
ters/hr. These components were fed through an evaporator
and a preheater so as to form a desceﬁding filow. After the
reaction was continued for 10 days, the reaction gas was
20 cooled and the product was collected by separation in an
absbrption column using water as absorbent. The results of
the reactions are shown in Table 4.
Comparative Examples 6
" The supported catalyst L was classified. Then, in the
25 same manner as in Example 5, a reactor ﬁas packed with the

supported catalyst'and reaction was carried out. The re-



Wi th mxing. The resulting dry powder was reduced by heat- ing it in an

at nosphere of hydrogen gas at [err] for an 20 hour, followed by cooling,
grinding and classification. This catalyst was called "catalyst O. p) 50 g
of supported catalyst L was inpregnated with an aqueous sol ution of '
palladiumnitrate containing 1.0 wt. % of pall adi um based on the silver, and
then dried at [err] with 25 mixing. The resulting dry powder was reduced

by heating it in an atnosphere of hydro@8n gas at [err] for an hour, 27
foll owed by cooling, grinding and classification. This catal yst was call ed
"catalyst P'._(Reaction) Each of supported catalysts MP was classified.

Then, a 5 sBHLRPeRE thedreacidons axs, FRgWRNLR nFRPl®i4neter of 27.4 nm was

packed with 5 ml of.a fraction _having particle sizes of 500 to 250 [err] so

as to formmm-yﬁx t layer. Then, 5 m of a fraction having

particle sizes gf 150 [enr], was,. placed on the | owermst catalyst

| ayer and, furt e{"gg%bég h{ind cgeldr g&?Poﬁaﬁﬁv?ﬁgs%%q c%q?ég s%.ls 0Oto

105 pmwas pl age S e t .ca | ayern...TOo the reactor packed in
B ¢f! glé% sé:pg nﬁﬂﬁlg o 35, d.%lhg%ﬁ(%e g Tl?eré,o eﬁctl%él

t he above- descri manner W panhedi © arnin twﬁsrr_et hyl

D2 bropancaral 48 are Y Rutie F5 SRRFROR 0de SRRSIRMIFepsor AP ai

at a the same manner as in Example 5, except that no phosphorus

was added to the reaction gas. The results of the reactions

are shown in Table 4.

Table 4
10 : Reaction |Conver- |Selec- |Yield |Space time
tempera- sion of |tivity |of _ yield
ture (°C) | PG (%) for MGX | acetol | (g/cm3.hr)
: (%) (%)
Example 5
catalyst M| 518 | 99.8 | 67.0 | 3.0 5.9
Catalyst N 512 99.7 65.8 2.5 5.8
15 Catalyst © 520 99.9 68.6 1.6 6.0
Catalyst P 515 99.8 68.8 1.7 6.0
Comp.Ex.6
Catalyst L 518 99.7 59.4 7.1 5.2
Comp.Ex.7
Catalyst M 525 99.9 56.7 3.1 4.3
Catalyst N 520 99.8 53.3 3.0
20 Catalyst O 527 | 99.9 57.0 2.2
Catalyst P 522 99.9 57.6 2.3 4.4
Note: PG and MGX represent 1,2-propanediol and
méthyl glyoxal, respect.ively .
25 As is evident from Tables 1-4 above, the process of the

present invention makes ‘it possible to produce glyoxals in



rate of 220 liters/hr, and nitrogen at a rate of 400 Ii- ters/hr. These
~conponents were fed through an evaporator and a preheater so as to forma
descending flow. After the reaction was continued for 10 days, the reaction
gas was 20 cool ed and the product was collected by separation in-an
absorption colum using water as absorbent. The results of the reactions
are shown in Table 4. Conparative Exanp%ss 6 The supported catal yst L was
classified. Then, in the 25 same nmannef“as in Exanple 5, a reactor was
packed with the supported catal yst and reaction was carried out. The re-

28 sults of _the reaciions. ar h i e i ple 7 A
react or wash’p%b k’@tfzj\fé twﬁuigc ﬁ%iegé\ﬁ%ogt%%a‘f%m%ysmﬁ %El ?{:ﬁetEggagane manner
as in Examp . _Fh re (.0 : i hegiaikgaction
gas thr oughrl@%%nfa-eliac gr 4 % bheggﬁgrr% %%ﬁiiglﬁebﬁp%ﬁgh%gég that no
phosphor us foded il Drepyepebhasegas. The results of the reactions are
shown in Table 4. Table 4 10 . Reaction Conver- Selec-
"Yield Space tine tenpera- sion-of tivity of yield ture [err] PG (%
for MaX acetol [err] Exanple 5° ' :




Catalyst M 518 99.8 . 67.0 3.0 5.9 Catalyst N 512

99.7 = 65.8 2.5 5.8 15 Catalyst O 520 99.9 = 68.6
1.6 6.0 Catalyst P 515 99.8 68.8  1.7——6-0 Conp.Ex.6
Catalyst L 518 99.7 59.4 7.1 5.2 lyst M
525 99.9 56.7 3.1 4.3 Catalyst N 523@"’7@3]@“"“3
3.0 4.1 20 99.9 . 57.0 Catal yst O UL

2.2 4.2 catalyst P 522 999 30576 2.3 4.4 Note: PG
and MaX represent 1, 2-propanedi ol and net hyl gl yoxal , respectively. 25

As is evidgpt,fromJables 1-4 above, the process of the present invention
makes it p@gngfg ?%SEW%édE%'glyoxals I n 29 high yield while achieving a

D O eoreeds, o of ol BEGEBlL Ll ARl oBPBEFOMATE S and Wbl S
process fopchPeiRe@lueteeigY tHe/ BidldatWkChehydrogenation of a
glycol at a temperaﬁure of 400 to 700°C in the presence of a
5 silver-based cataiyst composed of silver and at leaét one
element selected from the group consisfing of gold, plati-~
num, rhodium and palladium, and phosphorus or a phosphorus
~ compound.
2. A process as claimed in claim 1 wherein the glycol
10 is ethylene glycol or 1,2-propanediol and the resulting
glyoxal is correspondingly glyoxal or methylglyoxal.
é. A process aé claimed in claim 1 wherein the silver-
based catalyst is_reduced prior to itsluse for the oxidative
dehydrogenation reaction, |
15 4; A process as claimed in claim 1 wherein the amount
of phosphorus or- phosphorus compound added is in the range
of 0.05lto 10 ppm, as phosphorus, based on the glycol.
5. A process as claimed in claim 1 wherein the content
of the.element is in the range of 0.001 to 10 wt.3% based on
20 the silver. | |
6. A process as claimed in ciaim 1 wherein the content
of ‘the element is in the range of 0.001 to 10 wt.$% based on
the silver, the amount of phosphorus or phosphorus compoﬁnd
added is in the range of 0.05 to 10 ppm, as phosphorus,
25 Dbased on the glycol, and the glycol is ethylene glycol or

'1,2-propanediql and the resulting glyoxal is correspondingly



L

conprises effecting the oxidative dehydrogenation of a glycol—at—a——
tenperature of 400 to [err] in the presence of a 5 silver-

conposed of silver and at | east one el enent sel ected frﬁmmﬁmmm
consisting of gold, plati- num rhodium and pall adi um S er a
phosphorus compound. 2. A process as clained in claim1l wherein the
glycol - 10 is ethylene glycol- or 1,2-pr§ianediol and the resulting glyoxal

i s correspondi ngly gl yoxal or nethyl gl yoxal. 3. A process as clai ned
in claiml wherein the silver- based catalyst is reduced prior to its use

for the oxidative deh ogenation reaction. 15 4. A process as
cl ai med ir9£&9%9ﬁ:PRMﬁgggﬁiggﬂgxaﬂﬁunt of phosphorus or phosphorus conpound
added is ifp the r p . eq . he
gl ycol . S.P‘ A%p%%cgsessgag‘gc%g?rreaai %hc‘lgg?‘m gfmérfglr?t e%%&(r%t@ee%t of the
el ement i spided Nead A8t A InORhe! Botfl ¥f - L DASEhA R e ellehkfl 6.
A process%%s é*gﬁhégﬂin glaiﬁll ﬁhe?ein the content of  the elenment is in
the range 9inGhAQ4 tihekldoif.- % based on the silver, the amount of phosphorus
or phosphorus” conpound added is in the range of 0.05 to 10 ppm as
phosphogusg. 25 basgdhrstddie a@l ¥aalimednsnt 8Eadh YT Ghhéresi RiHee R4 164acol OF
1, 2- propanedi ol and the resulting glyoxal is correspondingly 31

based catalyst is in the form of silver coated partially

with the element.
9. A process as claimed in claim 1 wherein the silver-
based catalyst is an alloy of silver and the element.

10 10. A process as claimed in claim 1 wherein the silver-
based catalyst is.composed of an inert carrier, and silver
énd the element supported thereon.

11. A process as claimed in claim 10 wherein the inert
carrier is silica, alumina, zirconia, silicon nitride or

15 silicon carbide.

12, A process as.claimed in claim 10 wherein the inert

carrier has a specific surface area of 0.01 to 5 m2/g and a
particle diameter of 25 to 1,000 um.

13. A process as claimed in claim lo.wherein the amount

20 of silver supported is in the range of 50 to 95 wt.$% based
on the combined weight.of the inert carrierland the silver
supported thereon.

14. A proceés as claimed in claim 10 wherein the inert
carrier has a specific surface area of 0.01 to 5 m?/g and a
25 particle diameter of 25 to 1,000 um, the amount of silver

supported is in the range of 50 to 95 wt.3% based on the



-

gl yoxal or nethylglyoxal. 7. A process as clained in claim1 wherein
the silver- based catalyst is in the formof silver having ““‘n““
supported thereon. 5 8. A process as clained in clai HI “m mm
silver- based catalyst is in the formof silver coated partral Fy W th the*

el ement. 9. A process as clained in claim1 wherein the silver- based
catalyst is an alloy of silver and the3§Ienent. 10 10. A process as
claimed in claiml1l wherein the silver-~based catal yst is conposed of an

inert carrier, and silver and the el enent supported thereon. 11. A
| ai el ai wh ‘n the. i : . i
Bl Ui o, PPRBHISE BTYGRE,Ph el aBear SATEH T it i e, uppST -y, ocess
| ai med i e 0t . . - e ¢
rea of 0. g4 phieBbhs L Sihe’ BF, bRELERGALS G plfSedhRE oty 2T,

A process gaghal diegh ivhe | inle! Aevhiensi ot 1 giRlMs Fhordider suppor t ed

Is in the range o to 95 . % based on e conbin ght of the inert

carrier anda588 &n!Ufd QUMY edal BRES 3t is etHyRIREGAYcBI oldi med in
claim10 mhgrggn t he iﬁEPt carrier hasegygpec%?i%:égwfacgﬁéﬁea of 0.01 to 5

[err] apd a,25propanedicl dirdmeher rebulfihg d1Pekal &Y Jooriree pamaing1of
silver suppér?gd6?§ in the range of 50 to 9% wt. % based on the
glyoxal or methyl-glyoxal.

15. A catalyst for the production of glyoxals which ‘is a
silver-based catalyst composed of silver and at least one
eiement selected from the group consisting of gold, plati-
10 nunm, rhodium and palladium, the content of the eiement-being
in the.range of 0.001 to 10 wt.%.
16. A catalyst for the production of glyoxals as claimed
in claim 15 wherein the silver-based catalyst is composed of
an inert carrier, and silver and the element supported
15 thereon, in which the inert carrier has é specific surface
area of 0.01 to 5 m2/g and a particle diameter of 25 to
1,000 ym, and the amount of silver supported is in the range
of 50 to 95 wt.$ based on the combined weight of the inert

carrier and the silver supported thereon.

20



32 conmbi ned wei ght of the inert carrier and the silver_support--ed-thereen,
t he anmount of phosphorus or phosphorus conpound added is in the range of
0.05 to 10 ppm as phosphorus, based on the glycol, andThifi$hegHiCBden Replaced

et hyl ene glycol or 5 1, 2-propanedi ol and the resulting gl
correspondi ngly glyoxal or nethyl-glyoxal. 15. A cat gl .
ed of si

production of glyoxals which is a silver-based catal yst ver
and at |east one el enent selected fromthe group consisting of gold, plati-
10 num rhodium and pal |l adium the content of the el.ement being in the
range of 0.001 to 10 wt.% 16. : “,%&kﬁft for the production of

gl yoxal s as clainmed in claim15 whe t silver-based catalyst is

d of i is i I d.t 15
Chapgeed of airhdhleddily ifivertilndbrdfiadl s | rodddl Rl THRPRELAMCLS |
5 [err] angd;gnPaf t gLyl AREi®h %mgmas13g9§wc{g}5%]un@r&:iwa%iwunt- of

silver supported iS7n the range of "50 to ased on the conbined
wei ght  of Ei@ﬁy&ﬁ%én&@idﬁ &f %”"i';l%%ls akVar taMpepatere toer fRN -to'ZQO(_Pc

5 in the.presence of a silver-based catalyst composed of
silver and at least one element selected from the group
consisting of gold, platinum; rhodium. and palladium, and
phosphorus or a phosphorus compound, as well as such cata-
lysts. These process and catalysts make it possible to

10 produce high-quality glyoxals in high yield and with indus-
trial advantages while minimizing the contents of unreacted
féw material and reaction intermediates such as glycolalde—

hyde and acetol.
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Process for the Production of Glyoxals and Catalysts Therefor

ABSTRACT

The present invention provides a process for the produc-
ti?n of glyoxals which comprises effecting the oxidative
dehydrogenation of a glycol at a temperature of 400 to 700°C
in the presence of a silver-based catalyst composed of
silver and at least one element selected from the group
consisting of gold, platinum, rhodium and palladium, and
phosphorus or a phosﬁhorus compound, as well as such céta-
lysts. These process and cataiysts make it possible to
produée high-quality glyoxals in high'yield and with indus-
trial advantages while minimizing the contents of unreacted
raw material and reaction intefmediétes such as glycolalde-

hyde and acetol.
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