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ABSTRACT OF THE DISCLOSURE 

Removal of trans-Z-pentenenitrile from a mixture of 
cis- and trans-3-pentenenitrile and 4-pentenenitrile by the 
catalytic isomerization of the trans-Z-pentenenitrile to cis 
2-pentenenitrile followed by fractional distillation of the 
solution of isomers to remove the cis-2-pentenenitrile. 
The catalysts used have the structure Ni[M(Z)3]4 where 
M is P, As or Sb and Z is R or OR wherein R is an 
alkyl group or an aryl group of up to 18 carbon atoms. 

BACKGROUND OF THE INVENTION 

The present invention relates to an improvement in the 
process of hydrocyanating 3-pentenenitrile or 4-pentene 
nitrile to form adiponitrile, involving the removal of un 
desirable by-products. This process of hydrocyanating 3 
pentenenitrile or 4-pentenenitrile to form adiponitrile is 
described in British Pat. No. 1,104,140, published Feb. 
21, 1968, Belgian Pat. No. 700,420, and US. patent appli 
cations Ser. No. 679,608, ?led Nov. 1, 1967 abandoned 
in favor of continuation-impart application Ser. No. 858, 
098, ?led Sept. 15, 1969, and ‘Ser. No. 680,969, ?led 
Nov. 6, 1967 abandoned in favor of continuation-in-part 
application Ser. No. 771,313, ?led on Oct. 28, 1968. 
The concern of this invention is the removal of the 

undesirable by-product trans-2-pentenenitri1e from a mix 
ture of cis- and trans-3-pentenenitrile by means of the 
catalytic isomerization of the trans-2-pentenenitrile to 
ciS-Z-pentenenitrile followed by a fractional distillation 
of the solution of isomers to remove the cis-2-pentene 
nitrile. 
The trans-Z-pehtenenitrile cannot economically be sep 

arated from a mixture of 3-pentenenitrile and 4-pentene 
nitrile by distillation because the relative volatility of 
trans-2-pentenenitrile in relation to trans-3-pentenenitrile 
is only 1018:0004. The main component in the mix 
ture of pentenenitriles produces by the hydrocyanation of 
buradiene is generally trans-3-pentenenitrile. A suitable 
process for the production of 3-pentenenitriles is more 
fully described in British Pat. No. 1,104,140. 

In the process of hydrocyanating 3- or 4-pentenenitrile 
to adiponitrile using catalysts such as Ni[P(OC6H5)3]4, 
such as described in Belgian Pat. No. 700,420, the pres 
ence of cis- or trans-Z-pentenenitrile even in low concen 
trations has been found to be detrimental to catalyst e?i 
ciency. For purposes of the present invention catalyst 
ef?ciency is de?ned as the moles of adiponitrile pro 
duced per mole of nickel complex (catalyst) charged to 
the reactor. Concomitant with the hydrocyanation of 3 
and 4-pentenenitriles some isomerization of 3-penteneni 
triles to cis- and trans-2-pentenenitrile occurs. The pro~ 
duction of these 2-pentenenitriles is undesirable since 
they constitute a yield loss as well as a poison for the 
catalyst. When this hydrocyanation process is run so only 
a fraction of the 3- and 4-pentenenitriles are converted 
to products and the reaction product is distilled so that 
the unreacted 3- and 4-pentenem'triles are recovered and 
recycled to the hydrocyanation reactor the recovered 3 
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and 4-pentenenitriles will contain the Z-pentenenitriles 
produced during, but incidental to, the desired hydrocy 
anation. The cis-2-pentenenitrile may be separated from 
the main 3- and 4-pentenenitriles stream by further frac 
tional distillation, but the trans-2-pentenenitrile isomer 
remains with the 3- or 4-pentenenitriles. 

SUMMARY OF THE INVENTION 

It has now been found that when trans-Z-pentenenitrile 
is fed along with the 3- and 4-pentenenitriles to the hy 
drocyanation reactor it is isomerized to cis-2-penteneni 
trile under the in?uence of nickel (O) tetrakis triaryl 
phosphite catalysts. Consequently, in a continuous process 
a steady state of concentration can be maintained at a 
low level by ?rst isomerizing the trans-2-pentenenitrile to 
cis-Z-pentenenitrile at a rate equal to the rate of pro 
duction of trans-Z-pentenenitrile from the 3-penteneni 
triles, and, second, removing cis-2-pentenenitrile by frac 
tional distillation at a rate equal to the production of 
cis- and trans-Z-pentenenitrile from the 3- and 4-pentene 
nitriles stream. Thus, generally the steady state concen 
tration of 2-pentenenitriles in such a reaction mixture 
can be maintained below 5 mole percent as based on the 
nitriles present in the reaction mixture. For this purpose 
nitriles present include the unreacted pentenenitriles pres 
ent in the reactor as well as the dinitriles present in the 
reactor. 

The flow streams involved in the present invention 
are further illustrated by the attached drawing in which 
a stream 1 ‘(consisting principally of cis-3-pentenenitrile, 
trans - 3 - pentenenitrile, and 4~pentenenitrile along with 
trace amounts of various mono and dinitriles when the 
stream is obtained by the hydrocyanation of butadiene) 
is fed into a reactor 2 along with a stream 3 of hydro 
gen cyanide and a stream 4 of’ catalyst. The liquid re 
action mixture in reactor 2 consists essentially of cis-2 
pentenenitrile, trans - 2 - pentenenitrile, cis-3-pentene 
nitrile, trans - 3 - pentenenitrile, 4-pentenenitrile, adipo 
nitrile, methylglutaronitrile, ethylsuccinonitrile, cis-2 
methyl — 2 - butenenitrile, trans-Z-methyl - 2 - butene 

nitrile, and the catalyst system which, for example, may 
be nickel (O) tetrakis triphenyl phosphite, additional tri 
phenyl phosphite and a promoter such as zinc chloride. 
This liquid phase is then continuously fed to distillation 
column 5 as stream 6. The fraction of stream 6 contain 
ing the catalyst components and dinitriles is then removed 
as stream 7. The adiponitrile product and the remaining 
dinitriles are then separated. The unspent catalyst may 
be recycled to reactor 2. If desired, an extractor (not 
shown) may be installed in stream 6 to remove catalyst 
by solvent extraction. The remaining pentenenitriles which 
consist of cis-Z-pentenenitrile, trans - 2 - pentenenitrile, 
cis - 3 - pentenenitrile, trans - 3 — pentenenitrile, 4-pentene 

nitrile, cis - 2 ~ methyl - 2 - butenenitrile, and trans-2 
methyl-Z-butenenitrile are fed to distillation column 8 
as stream 9. Cis-Z-pentenenitrile along with the cis-2 
methyl-Z-butenenitrile and trans - 2 - methyl-Z-butene 

nitrile is removed as stream 10 from the remaining pen 
tenenitriles which are then recycled to reactor 2 as 
stream 11. 
The catalyst system used to hydrocyanate the 3-pen 

tenenitriles to adiponitrile also serves to isomerize the 
trans—2-pentenenitrile to cis-2-pentenenitrile. 

Generally, the catalysts are nickel, palladium, or cobalt 
complexes which may be preformed or prepared in situ 
and include nickel or palladium compounds containing 
ligands such as carbon monoxide, phosphines, arsine, 
stibines, phosphites, arsenites, stibites, and mixtures 
thereof. I 

Suitable cobalt catalysts are formed from a mixture 
of a compound of the formula CoXz wherein X is a 
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halide, and a compound of the structure HCo(MZ3)4 
wherein M and Z have the meanings de?ned below. 
A preferred class of catalysts are nickel or palladium 

complexes of alkyl or aryl (containing up to 18 carbon 
atoms), phosphites, arsenites, stibites, phosphines, ar 
sines, or stibines. 
These complexes have the general structure 

where M' is Ni or Pd, A1, A2, A3, and A4 are neutral 
ligands which may be the same or different and have 
the formula M(Z)3 wherein M is selected from the class 
consisting of P, As and Sb and wherein Z is selected from 
the class consisting of R and OR wherein R is an alkyl 
group or an aryl group containing up to 18 carbon atoms 
wherein the three R’s may be the same or different. 
If desired, any one of the R’s may be cojoined where 
possible. It is believed that in these complexes at least 
some of the nickel or palladium is present in the zero 
valent state. The preferred neutral ligands of this group 
are the triaryl phosphites such as triphenyl phosphite, 
tris - (p-chlorophenyl) phosphite, tris-(p-methoxyphenyl) 
phosphite, and tris(m&p-cresyl)phosphite. The nickel 
compounds are preferred. 

Satisfactory techniques for preparing these nickel tetra 
kis comounds may be found in US. Pat. No. 3,328,443, 
issued June 27, 1967 to Reginald F. Clark and Charles 
D. Storrs. The palladium compounds are prepared by the 
same techniques. 

In many instances, it is advantageous to have an excess 
of certain neutral ligands present with respect to the 
nickel complex. The preferred excess ligands are the tri 
aryl phosphites wherein the aryl groups contain up to 
18 carbon atoms. Generally, when used, the excess ligand 
is present in at least a two molar excess as based on the 
moles of nickel present. Generally, there is no advantage 
to be obtained in using over a 300 mole excess of ligand 
as based on one mole of nickel, since the rate becomes 
too slow to be practical due to the small amount of 
nickel present. The preferred triaryl phosphites for use 
as excess ligand are triphenyl phosphite, tri-(p-methoxy 
henyl) phosphite, and tris-(m&p-cresyl)phoshite, 

This use of excess ligand operates to extend catalyst ' 
life. This ligand used may be the same as or di?erent 
from the ligand attached to nickel in the nickel complex. 

If desired, a promoter may be used in conjunction 
with the nickel complex. The promoter generally is a 
boron compound or a cationic form of a metal selected 
from the class consisting of zinc, cadmium, beryllium, 
aluminum, gallium, indium, thallium, titanium, zirconium, 
hafnium, erbium, germanium, tin, vanadium, niobium, 
scandium, chromium, molybdenum, tungsten, manganese, 
rhenium, palladium, thorium, iron, and cobalt. The pre 
ferred boron compounds are borohydrides and organo 
boron compounds of the structure B(R')3. The borohy 
drides are the alkali metal borohydrides and the tetra 
(lower alkyl) ammonium borohydrides. The preferred 
borohydrides are sodium borohydride, potassium boro 
hydride and borohydrides of the formula BnHn+4 where 
n is an integer of from 2 to 6 and borohydrides of the 
formula BmHm+6 where m is an integer of from 4 to 10‘. 
When the boron compounds have the structure B(R’)3, 
R’ is selected from the class consisting of H, aryl radicals " 
of from 6 to 18 carbon atoms, lower alkyl radicals of 
from 1 to 7 carbon atoms, and lower alkyl radicals of 
from 1 to 7 carbon atoms substituted with a cyano radi 
cal. Generally, the case where R’ is phenyl or phenyl 
substituted with an electronegative radical is preferred. 75 

4 
The preferred members of this class of R’ have the 
structure 

__ Q 

‘2 

wherein -—Q is selected from the class consisting of —H, 
--F and C133. Other suitable promoters are normally salts 
of the metals listed above and include aluminum chlo 
ride, zinc chloride, cadmium iodide, titanium trichloride, 
titanium tetrachloride, zinc acetate, ethyl aluminum di 
shloride, ethylaluminum sesquichloride, chromic chloride 
and zinc iodide. A very large numbergof compounds are 
suitable for use as promoters. The promoter acts to im 
prove the catalyst e?iciency. The amount of promoter 
used may be varied from a 1:16 to 16:1 molar ratio of 
promoter to catalyst, such as the nickel or palladium 
compound. 
The isomerization of trans-Z-pentenenitrile may be 

carried out either in a stirred continuous or a stirred batch 
operation. Generally, a continuous operation such as set 
forth above in the description of the drawing is preferred. 
The molar ratio of trans-3-pentenenitrile to nickel catalyst 
generally is varied from about 10:1 to about 200021. 
The exact temperature which is preferred is dependent 

to a certain extent on the particular catalyst being used 
and the desired rate. Generally, temperatures of from ——25 
to 300° C. can be used with from 0 to 150° C. being 
preferred. 

Atmospheric pressure is satisfactory for carrying out 
the isomerization of the present invention and, hence, 
pressures of from about 0.7 to 10 atmospheres are 
preferred due to the obvious economic considerations al 
though pressures of from 0.3 to 100 atmospheres can be 
used if desired. 
The adiponitrile formed by the present invention is an 

intermediate used in the production of hexamethylene di 
amine which is used in the production of polyhexa 
methylene adipamide, a commercial polyamide used to 
produce textile ?bers, ?lms and molded articles. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

These examples illustrate the deleterious effect of 2 
pentenenitriles on the catalyst et?ciency in the process for 
the formation of dinitriles from 3-pentenenitriles and 4 
pentenenitrile. 
The reactions are performed in a continuous stirred 

tank type reactor which is fitted with a stirrer, with suit 
able ports in the top for introduction of the feed stream, 
and with a jacket surrounding the reactor through which 
a heat transfer ?uid is circulated in order to maintain a 
set temperature in the reactor. The reactor has an exit 
port extending from its side which acts as an over?ow and 
limits the liquid phase volume of the reactor to about 45 
ml. The reactor ssytem which is closed to the atmosphere 
is ?ushed initially with dry N2, and a continuous slow ?ow 
of N2 is maintained into the reactor, out the exit port, 
through a cold condenser and ?nally bubbled through a 
liquid seal of para?in oil to the atmosphere. The reactants 
are introduced continuously at a constant rate which is 
set for each experiment. The catalyst components are fed 
as a solution in the pentenenitriles and the HCN is fed as 
a vapor solution in nitrogen. Each experiment is run until 
a steady state is reached in the reactor before samples 
are taken for analysis. The product from the reactor over 
flows continuously into a receiver where it is held for 
periodic removal. 
The reagents are metered into the reactor by precision 

syringe pumps. The HCN is metered as a liquid by a 
specially cooled syringe pump into a small heated chamber 
where it is evaporated and diluted with dry nitrogen. The 
gaseous mixture of HCN in nitrogen is then fed to the 
vapor space above the reaction mixture. The agitation is 
vigorous enough to allow for adequate contact of the gas 
and liquid phases in the reactor. 
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EXAMPLE I 

The reactor is continuously fed with a mixture of 
pentenenitriles containing 0 percent dinitriles, 99.8 percent 
3-pentenenitriles and 4-pentenenitrile, 0.15 percent trans 
2-pentenenitrile and 0 percent cis-2-pentenenitrile. To this 
mixture of pentenenitriles are added the components of a 
standard catalyst system in the ratio of 1 mole of 

to 2 moles of ZnCl2, to 12 moles of 

The ratio of pentenenitriles to nickel in the feed mixture 
is 354:1 (total moles of pentenenitriles per mole of Ni). 
The feed mixture is fed into the reactor and subsequently 
over?ows therefrom at a rate such that the average resi 
dence time of the reaction mixture in the reactor is 90 
minutes. 
The resulting feed rate for the pentenenitriles is 4.54 

mmoles per minute and that for HCN is set nominally to 
convert 40% of the pentenenitriles to dinitriles. The tem 
perature of the reactor is controlled at 60° C. After 4.5 
hours, steady state reaction conditions are reached. 

Gas chromatographic analysis of the effluent liquid 
indicates the presence of 216.8 mole percent adiponitrile, 
5.73 mole percent other dinitriles, 66.6‘ mole percent 3 
‘pentenenitriles and 4-pentenenitrile, 0.47 mole percent 
trans-2-pentenenitrile, and 0.44 mole percent cis-2 
pentenenitriles. The mole percent calculations are based 
'on the total moles of mononitriles and dinitriles present. 
This indicates that of the pentenenitriles charged 33 per 
cent are converted to dinitriles and that, of the dinitriles 
produced, 80 percent are adiponitrile and that the number 
of cycles (ratio of moles of adiponitrile produced to 
moles of nickel charged) is 95. In order to evaluate the 
amount of active catalyst remaining in the steady state 
composition, an aliquot is tested by hydrocyanating it 
semi-batchwise until all the catalyst has been deactivated 
and noting the increase in the dinitriles formed. This test 
is performed in the above apparatus at the same tempera 
ture after conclusion of the continuous reaction. The 
aliquot is placed in the reactor and HCN is fed in the 
manner noted above. No pentenenitrile or catalyst is fed. 
The product is analyzed as before and found to contain 
enough additional adiponitrile to give an overall catalyst 
efficiency of 231 cycles. 

EXAMPLE II 

Example I is repeated except the mixture of pentene 
nitriles charged contains 90.1 percent 3-pentenitriles and 
4-pentenenitrile, 8.85 percent trans-Z-pentenenitrile, and 
and 0.18 percent cis-2-pentenenitrile. The steady state ef 
?uent from the reactor contains 31.7 mole percent adiponi 
trile, 6.76 mole percent other dinitriles, 51.8 mole percent 
3-pentenenitriles and 4-pentenenitrile, 7.10 mole percent 
tranS-Z-pentenenitrile and 2.40 mole percent cis-2-pentene 
nitrile. This indicates that of the pentenenitriles charged 
39 percent are converted to dinitriles and that of the di 
nitriles produced 81 percent are adiponitrile and that the 
number of cycles is 111. When the effluent is tested for 
unused active catalyst by means of the semi-batch reaction 
until the catalyst is spent, a total of only 150 cycles is ob 
tained. Comparing this result to that obtained in Example 
I the presence of Z-pentenenitriles at the 9.5. percent 
level versus the 0.91 percent level causes a substantial 
overall lowering of catalyst e?‘iciency (from 231 to 150). 

This example also demonstrates the isomerization of 
trans-2-pentenenitrile to cis-2-pentenenitrile. 

EXAMPLE III 

Example I is repeated except the temperature of the 
reactor is 50° C., the residence time is 120 minutes, an. 
equal molar amount of 
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is substituted for the 

used in the catalyst system in Example I, the penteneni 
triles mixture charged to the reactor contains 98.8 per 
cent 3-pentenenitriles and 4-pentenenitrile, 0.201 percent 
tranS-Z-pentenenitrile and 0 percent cis-2-pentenenitrile; 
and the molar ratio of pentenenitriles to catalyst (as based 
on Ni) in the feed stream is 1,000. 
The resulting feed rate for the pentenenitriles is 3.69 

mmoles per minute and that for the HCN is set nomi 
nally to convert 30 percent of the pentenenitriles to dini 
triles. After 10 hours, the reactor e?iuent has attained 
steady state composition. The steady state effluent from 
the reactor contains 18.8 mole percent adiponitrile, 4.31 
mole percent other dinitriles, 76.0 mole percent 3-pentene 
nitriles and 4-pentenenitrile, 0.46 mole percent trans-2 
pentenenitrile and 0.32 mole percent cis-Z-pentenenitrile. 
This indicates that of the pentenenitriles charged 24 per 
cent are converted to dinitriles and that of the dinitriles 
produced 79 percent are adiponitrile and that the num 
ber of cycles is 188. An aliquot of the e?luent is tested 
for unused active catalyst as described in Example I. An 
overall catalyst e?iciency of 390 cycles is obtained. 

EXAMPLE IV 

Example III is repeated except that the pentenenitriles 
fed to the reactor contain 97.43 percent 3-pentenenitriles 
and 4-pentenenitrile, 2.57 percent trans-Z-pentenenitrile, 
and 0 percent cis-2-pentenenitrile. The steady state ef?u 
ent from the reactor contains 20.6 mole percent adiponi 
trile, 4.59 mole percent other dinitriles, 71.5 mole percent 
3-pentenenitriles and 4-pentenenitrile, 2.47 mole percent 
trans-Z-pentenenitrile, and 0.70 mole percent cis-2-pen 
tenenitrile. This indicates that of the pentenenitriles 
charged 26 percent are converted to dinitriles, and that 
of the dinitriles produced 79 percent are adiponitrile and 
that the number of cycles is 206. The test for unused 
active catalyst gave 336 cycles, overall. Comparing this 
result to that obtained in Example III, the presence of 
Z-pentenenitriles at the 3.31 percent level versus the 
0.78 percent level causes a small lowering of the catalyst 
e?iciency (from 390 to 336 cycles). 
Examples I and III above feed pentenenitriles to the 

reactor which are low in 2-pentenenitriles and have an 
isomer distribution similar to that normally formed in the 
3-pentenenitrile feed produced by the process of hydro 
cyanation of butadiene. 
Examples I and III illustrate how the Z-pentenenitriles 

build up during the hydrocyanation of 3-pentenenitrile to 
adiponitrile. When Examples I and III are compared 
with Examples II and IV respectively the deleterious 
effect of higher 2-pentenenitriles concentration on the 
catalyst efficiency is shown. Consequently, in any process 
in which the 3-pentenenitrile is only partially converted 
to dinitriles (such as illustrated in the examples) and 
the unreacted 3-pentenenitriles is recycled to the reactor, 
the catalyst ef?ciency will be reduced owing to the 2-pen 
tenenitriles introduced in the recycle feed. However, the 
concentration of 2-pentenenitriles may be controlled at 
the low level by the practice of the invention. Example IV 
illustrates for a continuous process a set of conditions in 
which the rate of isomerization of trans-'2-pentenenitrile 
to cis-2-pentenenitrile is equal to the rate of production of 
trans-2-pentenenitriles. Removal of the cis-Z-penteneni 
triles by distillation of the recycle pentenenitriles will re 
sult in control of the concentration of the Z-pentenenitriles 
in the process of a low level and with a minimum penalty 
in catalyst e?iciency. 
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We claim: 
1. In a continuous process for the production of adi 

ponitrile by catalytic addition of hydrogen cyanide to 3 
pentenenitrile and 4-pentenenitrile, which pentenenitriles 
contain trans-Z-pentenenitrile, the steps of (a) isomerizing 
in a reactor trans-Z-pentenenitrile to cis-Z-pentenenitrile 
while simultaneously hydrocyanating 3-pentenenitrile and 
4-pentenenitrile both the isomerization and hydrocyana 
tion being simultaneously performed by contacting the 
trans-Z-pentenenitrile, 3-pentenenitrile and 4-penteneni 
trile with a catalyst consisting essentially of a complex 
of a metal of the group consisting of nickel, palladium 
and cobalt at a temperature in the range of ~25 to 300° 
C. and under a pressure of from 0.3 to 300 atmospheres, 
(b) fractionally distilling the thus formed mixture to re 
move cis-2-pentenenitrile followed by (c) returning the 
remaining mixture of the aforesaid pentenenitriles to the 
said reactor for further hydrocyanation of 3-pentene 
nitrile and 4-pentenenitrile to adiponitrile and further iso 
merization of trans-Z-pentenenitrile to cis-2-pentenenitrile. 

2. The process of claim 1 wherein the catalyst is a 
compound of the formula 

A3 

wherein M’ is selected from the class consisting of Ni 
and Pd. and A1, and A2, A3 and A4 are neutral ligands 
having the formula PZ3 

wherein Z is selected from the class consisting of R 
and OR, wherein R is selected from the class con 
sisting of alkyl and aryl hydrocarbyl radicals con 
taining up to 18 carbon atoms. 
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3. The process of claim 2 wherein the temperature is 

maintained in the range from 0 to 150° C. 
4. The process of claim 2 wherein the process is op 

erated in a. continuous manner by isomerizing the trans 
2»pentenenitrile to ciS-Z-pentenenitrile at a rate equal to 
the rate of production of trans-Z-pentenenitrile from 3 
pentenenitrile and by removing cis-Z-pentenenitrile by 
fractional distillation at a rate equal to the production of 
cis and trans-Z-pentenenitriles from the 3-pentenenitrile 
and 4-pentenenitrile. 

5. The process of claim 4 wherein M’ is nickel. 
6. The process of claim 5 wherein the Z’s are OR. 
7. The process of claim 6 wherein R is aryl. , 
8. The process of claim 2 wherein there is present in 

addition to the compound of formula M’ (A1, A2, A3, A4) 
a compound of the formula P23 wherein Z is de?ned as 
in claim 2, the molar excess of PZS to M’ (A1, A2, A3, A4) 
being at least 2. 

9. The process of claim 2 wherein there is present in 
addition to the compound of formula M’ (A1’ A2- A3, A") 
as a promoter a cation of a metal selected from the group 
consisting of zinc, cadmium, beryllium, aluminum, gal 
lium, indium, thallium, titanium, zirconium, hafnium, 
erbium, germanium, tin, vanadium, niobium, scandium, 
chromium, molybdenum, tungsten, manganese, rhenium, 
palladium, thorium, iron and cobalt. 
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It is cerqfied that error appears in the above-identified patent: 
and that said Letters Patent are hereby corrected as shown below: 
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Colsmn 7, line 114, ". . . 500 atmospheres" 

ShO'lL’Ld read "100 atmospheres . . . " 
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