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For instapcs, Haining et al. (3%) svecessfully used an
T EXe™ implanted a-alumiha plate to isolate catalyric
ethylean hvdrogenation activity dus *To *¥SPEY ions

1mplanted Lo they Ome Goze. BET and ¢opher surfade areas
of tha catalysts Peforse and after WGSR are aleo presanted

— 1in Tabls 4.10.

Table 4,10 surface ares and crystallite diawekrey of
fresh and used ion ioplaniad Ran&y Ccopper
catalyats

Sampla ? IoT Ion dogage . Sew COppor

Implarted | (ionE.TE 7Y gty jm* .gmy CTyELAllies
¥ 10*7 Mameter (A}
1 Heon Hana 16.% (1l0.5)" 5.2 fi1.A4) 913
z an™ 3,51 id.5 6.0 7ol
g Zn™ L5 1r.1 §12.13] 5.8 §3.4) E19
4 gn* 8.04 17.0 5.6 TD
r 5 oa” 8,16 18,2 fu.2] 7.2 {4-1) A0
G Ke™ q.23" 13.1 [11.0) .4 [L.5t Taz

Results in bracksts for used catalysts
= Th aretlcally malculatad (Equaticn 2.6} Kr™ ion dosage

N

From Table 4.10 it iB evident that increasing dosage leyels

COTTEsRoNS o & degrease in average copper crystallite size

nd slight increases 1n active metal surfacea atrea. Tha

trand 1z '"masked" by Less censitive changes in the total
ot Imn'l amii Hg

surfaca area. LE 1S coneidered that implaniln
yoess of normal operating levels caeses either

of the existing crystaliltez, oxr the

Al AncRssag
on aosa&an

waell in =
fragmentation

a of smaller structures from atoms or groups of

energandc -
ztoms displaced from the larger copper crystallites (sae
Section 4.1.3). The overall effect of radiation damage was

r Bsurface area which resulted in higher

ipcreased <oOppe
sctivities as showWn in Flgure 4.,15.

initial catalyst
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Flaure 4_158 Stability of ion implanted Raney copper

4.23 x® 10** Kr™ icne emn ®; & = No jon imnplantation:
a .

5,21 % 16*? Zn™ ions cm ?;
BE.D4 ¥ 10*? Zn" ions on™*;
8.36 ¥ 10** En* ions cm °

XO O+
| I (. |

~ Temperature = 200°C; Total GHSY = 100¢0h™" Dry gas
composition = 10% CO/90% Nor COH O = 1:22,5;
Catalyst Volume = 2 + D.1ml

WGS activity is observed to he influenced by the active

copper surfece area but no direct proportionality is

apparent [(see Chapter § for e detailed discussion},

Prolonged activity is a function of zinc dosage. Xrypton
ions demconetrated no stabilizing influence on initiai Raney

 sopper activity enhanced by radiation damage, whilst long

term stabliity incressed with increasing zinc centent. The
ective form of zinc in the ¢atalyst was not determined; but

iz considered to be Zno.  An X-rey spectrial micreo-analysis

lmwataly IEuwhkd ovtormdines 4 nda
B = XAl Lraliie s iy LLLLLF

the particle by a distance corresponding to 1/4 of the
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11 4
overall dianet

and Raney copper catalyst stability is similar to that
found for the Cu-ZnO-Af2.0, catalysts produced by leaching
Alloy C with sodium hydroxide (see Section 4.4).
Therefore, the correspondence between these two types of

~_

catalysts implies that the resulting copper surface area

Fa% of
A2 S ]

stability (and hence activity) is independent of the origin
of the zinc. The stabilizing effect of near-surface low
zinc implanted concentrations confirms the conclusions of
Friedrich et al. (2) who reported that residual zinc in
Raney catalysts has a "gtabilizing influence" on the

catalysts during methanol synthesis (see Section 4.1).

4.3.4 zZinc impregnation

Of considerable importance in the development of catalysts
(for the WGSR) is 1long term stability (1). From the
studies of a series of partially leached and ion implanted
Raney copper catalysts (Sections 4.4 and 4.5 respectively)
zinc oxide was observed to assist in the process of

stabilizing copper crystals by acting as a suitable spacer

material. Long term stability was found to be related to

—  the level of zinc present in the catalyst which was, in

turn, strongly dependent on leach tinme. Decreased
stability resulted from a decrease in zinc oxide

concentration in the reacted rim. Varying concentrations

y copper catalysts were produced by

ons of either 0.1

-d AN A ~ e

of zinc impregnated Rane

.
[4

0.5 or 0.75M sodium zincate in 7.1M sodium hydroxide,

according to the procedure outlined in Section 4.2. From

the XRD pattern of the 0.5M zincate/hydroxide leached
catalyst, zinc oxide (zn0) was identified as the major

precipitated product from the
2.7944; 2.5974; 2.4591: 1.9087; 1.6195; 1.4742; 1.4124 and

1.3774 correct relative peak intensities were observed.
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AA analysis of the zinc impregnated catalysts and a 7.1M
sodium hydroxide leached catalyst are presented in Table
4.11 below:-

Table 4.11 Bulk composition of zinc impregnated Raney
copper catalysts

Zincate Extraction | Composition before WGSR (wt%)
conc. (M) time (h)
Cu Zn AL
0 2.0 76.1 3.2 19.7
0.1 2.0 74.9 5.4 17.6
0.5 2.0 71.9 8.1 18.6
0.75 2.0 63.2 iéa.7 20.8

The results suggest that a higher concentration of zinc in

the leach solution corresponds to a greater deposition of
zinc into the Raney copper catalyst.
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irney ~Ff Al
constant zincate/hydroxide solution at various temperatures
remained more-or-less the same with an increase in zinc

loading. Cross-sectional EDAX analysis of the 0.5M zincate
leached catalyst (Table 4.12) showed a 7.2 times =zinc
excess in the rim compared to a catalyst prod

duced with no
zincate added to the caustic leach solution.

Table 4.12 Rim and core compositions of zinc
impregnated Raney copper catalysts

Zincate Extraction Rim (wt%) Core (wt%)

conc. (M) time (h)
Cu Zn Al Cu Zn AL

0 2.0 90.1 2.9 6.9 39.5 14.2 46.4

0.5 2.0 74.6 21.0 4.4 |40.4 13.8 45.9
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sed electron microprobe analysis to

et al. (6) u ctron v

A
show that the ZnO concentrations increased steadily across
the rim of a zincate/hydroxide leached Cu-Zn-A¢f alloy

pellet towards the surface.

crystallite diameters of the zincate/hydroxide leached
catalysts are presented in Table 4.13. Corresponding pore
volumes and mean pore radii are given in Table 4.14.

Table 4.13 surface area and crystallite diameter of
fresh and used zinc impregnated Raney copper
catalysts

Zincate Extraction Sper Scu Copper Crystallite
conc. (M) time (h) (m2.g™*) (m*.g~*) Diameter (&)

o] 2.0 32.8 15.8 (10.1)° 324 (514)
0.1 2.0 28.2 14.6 (9.7) 345 (519)
6.5 2.0 23.9 11.3 (9.1) 428 (531)
0.75 2.0 9.5 4.2 1012

= Results in brackets for used catalysts

Table 4.14 Pore volume and mean pore radii of zinc
impregnated Raney copper catalysts

Zincate Extraction Pore volume MPR™
conc. (M) time (h) (cm®.g7™™") (4)
0 2.0 0.197 121.2
0.1 2.0 0.15 133.6
0.5 2.0 0.027 127.8
0.75 2.0 0.028 116.2
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Tarhl BET surface area was oopServed Lo deporenss with
ingreasing zincate concentratiens in sedium hydroxlda (and
zinc loading) for cimilar leach conditions. Curry-Hyde et

{8y ocpserved = damcrease in the diffasion conmbrolled
szching rate when hlgh concentrations o0f zincate ware

=T s

r_ll

presant in the sodiom hydroxide selution+ This effect is

significent becauwse previcus studies (14} uwaind caustic
ad

R 'h

sninticn showed that the rate of leachiing 8

"'h

=T ek o
L

spacing and consequently influenced the surface area of tha
freshly leached waterial (zee Section 4.3.1%. It i=m
corsidered that adding increasingly concentrated zincate to
the caustic leach =olution effectively slows the rate [(for
2 conetant laash timel causing a <hange in the leaching
behaviour. Pare volume and pore radll were observed to

generally decrease with decreasing leach rate [Taple 4.14).
- Tma lower lseach rakes promoted an incraase in coppas

crystallite size due to  their re-arrangeament which
ntly resuylted in a less of surface grea in the
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an aging process brought about nuils
comtact with eodium hydroxide selution. The results in
Table 4.13 suggest that this process is alea linked te the

leaching rate. Np evidance of deposits of zing oxide pF

alumina decreasing pore valume and pmre redli were

nhﬁgrv

EﬂlH;L2ni_"L5__;ng:g:g:aﬂ,rﬂgﬂ1dﬂd__aa_,ihﬂﬁ_iﬂnﬂﬂmgntﬂl
determipant of catalyst surface meXpholody.

The initial activity and stability of RaneyY coppar
. ~Aduead  From Leaching Allﬂy & for 2 hours in

—— b=l e -
COLRLY LD MHarwiameiy

varying zincate concentrations is shown in Flguye 4.16.
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catalysts*®

No zincate added to caustic solution;
0.1M Zincate; [[] = 0.5M Zincate

A
©
= Temperature = 200°C; Total GHSV = 1000h™%; Dry gas

composition = 10% CO/90% N.,; CO:H.O = 1:22.5
Catalyst Volume = 2 + 0.1ml

n be seen that while improving the

stability of copper cry§f‘IIité§"déprIt@d‘ZIﬁC‘éXIéé‘éIéo

causes a decrease in initial catalyst activity due to the

=
(
.lb
J\
|..|
t
m
’D

P P = Y P ST, e N Py

smaller surface areas of Raney copper catalysts resulting

from leaching in caustic solutions with high concentrations

of zincate (Table 4.13). The catalyst prepared by caustic

leaching in a solution containing 0.1M zincate showed a

15.4% loss in activity up to 1000 hours-on-~stream, whilst

the 0.5M zincate leached catalyst lost 10.6% in activity

over the same time period. The catalyst leached in only

caustic solution demonstrated a 22.8% activity loss in only
400 hours-on-stream. Curry-Hyde et al. (8) successfully

used zincate/hydroxide leached Raney copper catalysts to

demonstrate that methanol synthesis activity is related to
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the Zn0O loading on the leached surfara. The autharg
concluded that the dispersion of Znd on the cappsr surface
increased with an increased Znd loading.

hoear bl s . mniadd 1} | .. | ) — e
gL L LEL LAl [y AL L Lar Ly LEOLLLIERd ALYy L.-UpIJE.'L_

catalysts demonstrated that the chemicil nature of the
reactant surface could be determined hy controlling the
leaching process, Initial WGS activity at the patated
conditions compared favourably to the co-precipltated ang
industrial catalyst alternatives doe to 2 simllar active
phase compo=iticon and high metallic coppar surfafse arees.
Raney copper catalyst deactivation 1in a poison-free

I II |I l ! I i 1! i E. . ey
4

Stability increased significantly with increased 2no
loading as a result of bhetter contact betwgen the copper

777777 a

curface and Zno corystallites, The stabilizing effect of

incorporated zinc was independent of its original source.

r

! o hnd — — La

F o T N T . =Tt e smnme b mmmerm At T L o T W L g =
LTI rOle O 8ALUNLIiliIdiN Wadda kLid ML WWVHLE LEIE)Y Wwhipderl L

1igh
surface area. Ho beneficisl effects of resldual alumina in

=

the active catalysts wers cbserved.
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5.1 INTRODUCTION

The initial evaluation of Raney copper catalysts for the
WGSR showed that zinc was essential for maintaining high
catalyst activity. Whilst leaching is required to produce

operable surface areas, it also results in the depletion of
zinc from the resultant catalyst. Partial leaching of the

-

cu(35) Zn(15) AL(50) alloy denmons
catalyst stability (achieved after the shortest leac

(= 3
ct
. e
g
(0]

of 1.0 hour) correspon
content. Increasing the zinc loading during extraction
(zinc impregnation) improved stability but decreased
activity. Thus, in an attempt to improve the overall Raney
copper catalyst performance, precursor alloys with
(at the expense of copper) were

increased zinc content
leached in caustic solution for a maximum of only one hour.

Characterisation studies on all the catalysts were

_ _conducted. Catalyst activity was evaluated as a function

of lifetime, operating temperature and reagent feed rate.
‘ons  pased on characterisation and activity
criteria, an optimai—pfeeurser—alloy4compositiongaf4CuL25l44444444447
2n(25) Ag(50) (Alloy B) was identified and used for acid

leaching studies. A further statistical evaluation of

catalyst preparation variables (reported in Chapter 6) was

also conducted on Alloy B. A catalyst made from an alloy

of nominal composition Cu(43) Zn(i8)
was recently reported by Bridgewater et al. (1) to produce
catalysts of greater mechanical strength to those prepared

from alloys containing sowt%,

pr20)Y 211 X s
A2{3%) (Alloy E) which

AL, was also tested.

-~ A literature survey revealed that in general, little
h has been conducted on catalysts produced by the
It was therefore

researc
arid leaching of ternary cu-Zn-Af alloys.

P —1- 192 £ 2 5]
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coneldered appropriate to conduct characterisation and
actlvity studies of Raney copper catalysts prepared in this
menner, Characterisation of Alloy B of nominal compositinn
Cu{25) Em{25) Af(50) and resultant catalysts prepsrad by

leaching in nitric as well as perchloric acld, was carried

out.  Nitric acld was ¢hogen ag a leachant becauvse of its

aktlity to Bect 2% an oxidising agent At high corcentra-

[ K Py mawAd o mewt L R | L -I--...n.i--l.n.-.-.n P me - — fa -
LARWIIS , B &I1 ACla 80 10W Concal LG aL il [‘.]4 P L= ]’J’_'crate
counter lon ls also congidered to ke catalytically non
Foisonous. Perghlorie aclid was chogen =ince  the

perchlorate counter ion is soluble in agquecus sclutions [2)
and hence &asily remeved during the catalvst wash.
Statietioally designed axpariments wera used to optimise
preparation variables. Activity and stability studies ware
conducted on the most propising catalysts.

5.2 EXFERIMENTAL

F - - r r []

E were leached for one hour in 7.1M equeous sodium
| g g - emdm =" h.uAAn1A-1.i-t-r N - -5 o - I .. [ S
1¥QEo x)lde At 50 i, and SUMFSITHUSIILLY paosSdivalrcu gyiltolQling o

-

tha detalled description given in Appendix 1. Algo, 0.5 -
1.18mm particles &f Alloy B were leached for ore hour in
both nitric and perchloric acidse of 5, 14 and 27.5 mas=%
for characterigation purposes (pee Chapter 2, Section
2.1.1}. {Characterigsation data for acid and base leached

alloys was ohtalned from Aa, S5EBEM, EDAX, XED, pulse N.O
chemisorption, total BET surface area, pore volume and mean
pore radii determinations (detailed in Chapter 2, Section
2.5). Acid leachad Raney copper catalysts wera chosen for
WGS activity and stability evaluaticn from the responses
gernerated by two 27 ractorially designed axperiments used
to svaluate the preparaticn variables (i.e. particle size

range, acid strength and acid/wetal ratic) shown te he

significant for catalyst potivity in the caustic leaching

ChHaoter Frr Aotradilaly T ® B oo Al Ywr T
e ‘I‘I Il-v ‘f“u“r nJ—J—\-IJ' ™)

pProdesdg fﬁéﬁ aptey & ICF 4O8Lal 2}

A1l catalyats wore placed on-stream at the relevent srart-

up tempersture. ¥n cases where patalytic performance was
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temperature Bnd GHSV), reactor conditions were réturned to
those employed at the initial start-up of the catalyst, in
srder to restore the original agtivity of the system befcre
proceeding with further testing. If the original activity

= 2 5= o b 2 :
=

sould not be re-sstaklished due to catalyst deaCtivation,

new samples (of similar initial activity obtained upder
identical conditipons) ware awvaluyated. For temperature and

 gpHSY stundies, Wes activity was only recorded after steady-

state condltions had been achieved.

E.3 RESULTS AND DISCUSSION
5,3.1 Fihnwembkaricakian nf ~anstic leached Drecursol

Blloyvs

Bulk XRD analysis [Table 5.1} of BYIoyes X, B and E
confirmed the primary pracipitation preducts of Af (Alloy

e A=

), and cu{Zn)ié. (AlloYs B and E) predicted from the

liguidus phase diagram {Thapter 2. Tigwre 2.1). Thne In
content of the Cu(Zn}aé, phase is known (3] to increase

with increasing alloy 2Zn level.

Tanle B crystallina phases of Alloys A, B and E ard
their proguct Raney copper catalysts before
and after reaction

Alioy Pracursor cat. pheses Cat,. phasas
alloy pNases belcxra after
reaction™ reaction™ ]
A A, Cual,, @R cu, Zn., AL, cu, Zn, Cub,
{RE2N1E Cu.D, cu{tr) AL n
E GUAE.Q_, .Pi'Er ZI'I. Cunr zn! A'Ef Cuﬂ' znr A‘E.&
(ALENM) Cua, Cualaz, Culy, COAEL[Lr)
EuEthrlc
E guki., Bi, Zm, ) Cud, Z1mn.- Cu, Zn, CuAl,
fA2Zn), Cubd CuAls, Cu, Cud, CuAl (tr)
(_:L'l20= C'LIPI.E

= Phasos listed in approximate mrder of abnndance [ from

left to right) ) e e
n phasg in brackets net conclbSlvely ldanwt

=~ {ty) = traca

Alloy A showed 8 high Secondary
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tuiInyat, TPhasse whilst Alloys B ant E denonstrated
secondary solidification products of af. The AL phase
esntent of Alloy B was almost esguivalent to the amount of
cui{FEnihai, phaze present, as A fesult of the girong
secondary influence of Af precipitation (observed from the
Iiquidus phase diagram = Chapter 2 Figure 2.1 Alloys A,
L and E fontained slemental En and in mach <454, z00&

avidence was found for the prasence of the binary ALZn

if

phasge. The XRD pattern of allay E (Takle 5.1} showed

rracee of Cuht whish was impervious to caustic leaching as

previously observed for the leaching of Alloy C under

similar eonditions {see Chapter 4, Table 4.3). NO avidenca

af any ternary phasas Was found. Passivated Raney copper

catalyats A, B, € and E produced by leaching in aguecus

sodium hydroxide for ons hour monsisted predominantly of
4‘4‘4‘444446%?5%&{{%HE—QEDT—HhilEL4$mal1Ef amounts of Cu_0O were alsc

observed. After reactiorn and subseguent exposure to air,
gr remained in the zero oxidation state. The XED
pattern of the air-dried Alloy © catalyst (prepsred under

the eame conditions and extraction time as the passivated

catalysts) showed Cuz® followed by Cu® as the major phase

crogs-ge¢tional  electron-micrographs  of

products.
catelysts a, B, € anmd E revealed clearly identifiable

_ o _ wmroua 1 -l

ragcted rims and alloy ceres. The extent of average 1
pepetration after one nour Wag calculated as 36.5%, 36.7%,

|

272,.0% and 24.0% for catalysts &, B, € ana 1
two "leach frents! were obeerved

b
]
Ity
m
g
i1l
f

in all cases,
described in chepter 4. Saction 4.3.1(a]). Catalyst
davelopment was consistent with the Lirst stage af leaching
which cerrespond= to the formation of an "alloy-catalyst"
interface in  ternary cu-zZn~Af  alloys. Initial

characterisation gtudies raported in Chapter 4 also show
that this stage generally corresponds to @ Raney Copper

catalyst surxaag*mnrpha}aqy—hgstgsuitedgigrggatalysinq the

WGESH .

The bulk metal content {dEtEfﬁiﬁéﬂ‘bY‘ﬁ#%‘ﬂfgﬁi}$¥$ &, B,

¢ and E leached in caustic gojurion for 1.0 hour {Sectlion
ed 1n Takle 5.2. Analysis

%.2) and passivated are presented



165

of caralysts bDeform znd after reactlon are shown.

Table 5.3 Bulk compo=ition af fresh and used Raney

copper catalysts produced frewm  leaching
various alloy precursors

alloy Extracticn | composition before | Composition after
time (h) WGSR (wi®) WGESH [wii)

o] &I Al Tu an A.E

A 1.9 1.5 15.@ 15.1 Be.¥ l4.8 21.7

B 1.0 72.4 13.3 12.9 G9.1 15.0 11.1

c 1.0 £9.3 6.9 15.5 Tp.g B.e 78.13

E 1.0 73.6 10.% 14.B 74.5 .3 13.1

No iron impurities ware detected in any of the precureor
alloys catalvetz znd masg deficits were therefore

— s

cpneldered to be auE‘tﬁ‘ﬂﬁtﬁiystgﬂﬁfgﬁﬂ—EGHt&ﬁ%———?ﬂ&—bﬁlk———————————

metal compositions ¢f the one hour leached Alloy C catalyst

after air drying (Table 4.1) and peecivating (Tabla &,2)

as expected. approximately 1.6wti: nmole

were similar,
oxygen was

aatalyst, During the controlled passivation of & caustic
legchaed ¢o(50.3) AL{4s.7) alloy using M0 ms oxidaent,

oo

Tomsatt ef al. (4) calculated rhat at 200°C, & mipipun
r monolayers was sufficient

associated with the passivated Cu-Zn-Aé

oxygen uptake eguivalent to fou
to passivate the catalyst. The resilts in Table 5.2 show

that catalysts prapared f{¥om preaCursor alloys with higher

zinc lavals {Chapter 2, Tabla 2. 1) contain higher levals of
o i v hour of leaching. Ne significant c¢hanges in

zine after 1 hour
catalyst compositions were apparant afteyr reactor testing.
Pron cross-sectional EDAX determinations {(Table 5.33% this

444444““‘Eféﬁa‘ﬁag‘ﬁﬁﬁiifﬁtiveiy—cﬂnfifmeé—in—thE—:imgnigthaifresh

Raney coppel catalysts.
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Taple 5.3 Rim and CeIe compesitiens of Reney Copper
catalyste produced from leaching waripus
alloy pracursors

Allpy Extraction Rin [wtl) Core [wiE)
time (h)
cu n At Cu In AL
A 1.4 Be.3 27.1 &.G l16.9 jl.4 51.7
B 1.0 79,7 18.7 A.4 27.F  26.1 4.2
c 1.0 g1.0 1Z.1 6.9 37.8 15.2 47.8
E 1.0 70,7 13.7 6.6 40.3 21.4 32,3 |

EDAX meacuremants of the alley core composi e in

good agreement with the Ak analysis (Chapter 2z, Table 2.1)

of the precursor alloys, demenetrating that the composite

alloy cores Wara unaffected by the caustic leaching

rgaction.

The BET and copper surface areas, together with cryetallite
dlameter and CoOppRr digpersion of Catalysts &, B, U, and E

ara presented in °

co rea, cryetallite Adlaseter and

Copper digpersion of fresh and used Raney
catalysts produced Irom leaching wvarious

alioy precursors

. T T 1
allay | Errraction Saxr Son Cappec SORReT
tiwe (R} iw*.g™*}) [3- i ia crystallite | Disparalan
Dimnetec {¥]
LA

X 1.0 a8 {2701~ 138 [B.3] 123 110 9.2 {4.0F

5 1.0 2.3 (2z.0) |%B.a (.33 |zes  (T3E) ]| P.3 (2.6)

c . jo.0 [18.57 11.8 (4.11] 145 T13238) [ 9.6 [1.321
. 1.0 25.4 [13.4) | B.7 (251 |se¥ _ta00R} [ 3.5 (0.7] |

= Regults 1in brackets for used catalysts
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The large spount of At soliodildsctier graduct present in
rhe2 2llay  prasvreers of fatalyete A ane B (Table £.17

cotrelsrer bto ixe hlgn BET and copper moviace arend
ppSenyey for & Tap CoHUaLFgTST e it is knomx that
ictargramilar pheses i M, %n and iln lerdh At & feater

: o
BLE Thay the Cufdnibkl, phase {cmwmtmwﬂﬂﬁfhﬂ—

3t is pessiblp 0 consldties goled Aprengive 1epihing nf

e — Ty o
TR

Alluys & afg B €0 prpddse poroWR Ban®d Toppel Eay A4
allagdy gt Within A erustit toncaCht time OF only Ohe
nour, The gredteg efFfahys o077 oseh capeiiatigy for
28talyste A ppd B le consietent With pni® ewejardtiayg. For
Allogs 2. &, O @nd Bl %he 18¥EL gf At ﬂp?.éﬂ-tﬂ bo dray
oty papidly £rol {heeddd penl® Then oBEppopd far mn. Of
slgny g ietnn ywpettanes 1# Yhe g8t pnat Plap corFer gurface
a¥y oAt orE A ogpd Bl s ﬂ-ﬁf";‘-ﬁ.i;aniﬂﬂ- by LaEGn anedtts

-E."\f " — -'L% ‘-: . ‘:r%

Pabtit}ﬂlaﬁi E:a“'.'.ﬂl'gatr B 'E'-'-"-l“gihitﬁ 3 C:G'PPB-’: g{,{!‘f#":‘s' a m&g
tWige 2F E'&;-gé B wpal ﬂeﬁ.gu;adl i"t;i. e 17{;.5-_ 51-1 1.1_!'&,&54;_;:1&1
- b

HEL afallye (Dcar ¢ ,wanl® g ¢} 8% 5eil 8% p 2AR g
of pent Yy nretlar ¥RET ype 0 jgvel o cociatPy with Yo
e .,s'tﬂﬂ'-la Rﬂﬁ‘ﬂr 53!:&:1-?'54:_ t?‘ll‘:{f e 1Ea‘;nﬁﬁ ?QI 1.0 had_
cﬁiapﬁﬂf #1 Tﬂb'-l&.:rffj ‘Eb—,ﬁtﬂd f‘j:gt REs !!_ﬂt_i,'d’lt'f:r ey e 23 1':300
N es (Ngurer 4, Figese o 12+ rarel¥®y p 2157 ctowed ppa
hignest oopps® ettty Qifhgralol and Mhe  Fus
epgstallita Sife aow@iaq BO0 paney copRe” gatali%tg.
g_“ + L grefigey WOk ef pigmzr {Tgpie
5. 23 CPugpued: togetPPR nith B napPef SurPACH proa liwger
Than CBA ya a9 gumddFired (Cfapeer %0 manle A1y TOR g0
nydrnﬂiﬂ&fzinﬁﬂ‘qg yedthay allove, th;yﬁﬁf A gnd B Laes
eimilar pore Yeluymed oF 0,328 gnd U.aggen’ .oz 8t maan

vora Fudfy of 53,5 208 190-7 A respSiliyel:

~

Ih Wany inat@hceg v alr axrying of Tatalysts prepaled §roll
C aiiows A snd 5 A% o Uapia oxidatgon ang subfagmert

ing of tne COERer <rFEiziiifes.  ThHE rasuylt
wrniale o Al bt ﬁﬁﬂ:‘)’ﬂadﬂg

L ldng ity JART=SR R Ay & R

rmprmal minter
WS & Ascroass i WoH accivity o
i copper SUrTEce Brén. in some CABes COE AYRR WICTERSES

W meors thah 403 of ey valiwe odwerved for sguivalant

poseiurtad catalysle.
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passivation (as compared to air drying) hy oxidation with
nitrous oxide caused only very minor changes to the pore
structure and sorface araa of Ransey copper, Thus, fgor this
study it was concluded that the controlled oxidation of

Eeney copper catalyste by paBsivation in nitrems oxide f=eso

Appendix 1] was nacessaly and acceptables to prevent the
poe=sibility of eintering occurring as a ¢onzsegquence of tha

pyrophoric nature of Raney copper.

DSC was wuwsed to simulate reducrtion conditions under 5%
A./N_, at a flow rate of 310mismin. Catalysts &, B, C and E
were heated from ambient to 300°C At A rate of 5" C/min. As
observed for the reduction of the air-dried Alloy ¢
catalysts [(Chapter &£, Section 4.3.1{e)} wunder similar
conditions, a single exotharmic phase change between 160 -

o
210-Ewas ¥

5.3.2 Activity and stability of caustic Jeached Xjjovs
A, B, C and E
{a) Initial activity

The initial activity and stabliity of Catalysts A, B, C and

E were measursad using the procedure and conditions

described in Chapter 2. Saction 2.2. Initial activities of
one hour leached ¢atalysts &, B, C and E are expressed as
the rate (per hour) of moles of carbon monoxide esonvertsad
yolune of catalyst particles (Rata a),

Fumrertriom of s 1 hAIheE
F S r T W

mass of caetalyst particles (Rate bl,

Y- =3
e ..

composite [total)
specific copper surface area (Rate <) and BET surface area

{FRate d). Lesults are presaented in Tabla 505<




Table 5.5 Specific activities of Raney copper
catalysts produced from leaching various
alloy precursors*®

Alloy Extraction Rate (a) Rate (b) Rate (c) Rate (d)
time (h) (201oo/al/h) | (M01oo/Geeun/h)| (MOloa/n'cu/h) | (molo./m*/m)
x 10— X 10~ X 10~* X 10—®
A 1.0 3.08 3.67 2.86 5.48
B 1.0 3.44 3.91 2.12 8.83
c 1.0 3.2 2.13 1.80 7.11
E 1.0 3.28 1.89 2.18 7.47

= Temperature = 200°C; Total GHS
= 0% %

composition

Volume = 2 + 0.1mnl

As described in Chapter 4 the unit density of precursor

PRI SRS — i m o om @ e P 1

alloys is dependent on composition, necessitating careful
interpretation of activity data involving the mass of Raney
catalysts. Based on volume of catalyst, high initial

activities are observed to correspond to high copper

surface areas (see Table 5.4). All Raney copper catalysts

(A, B, C and E) are more active than the industrial ICI

53-1 and co-precipitated alternatives reported in Chapter
4, Table 4.9. Activities expressed in terms of composite

ifi surface area

expectedly low due to the nature of Raney copper (see

Chapter 4) Activities based on total surface area

—iall =4 =} =

turnover frequency (Rate d) demonstrate a greater overall
surface efficiency than the industrial and co-precipitated
higher concencra

catalysts and implies a
copper catalysts.

sites per unit surface area in Rane

a°

(b) Stability

The long term stability of Raney copper catalysts A, B, C

and E under constant reaction conditions are shown in

Figure 5.1. Rates are expressed in terms of mass of



