o0

3.2.4 Pulse chemizorption procedurs

Flgure 3.4 shows the valve positions necesgary for pulse
cheplsorption.
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Figqure 3.4 Schematic diagram of the pulse chemisorption

apparatus, configured for nitrous oxide
decomposition and carbon monoxide back
titration (modified from refaranca 81

Known veolumes of nitrous oxide were consecutively injected
into the helium carrier gas etream using valve No. 2 which
was fitted with interchangeable calibrated sanple loops,
Valve He, 5 ensured that reactant and product gas passed
through respective DPorapack Q columns. 'The TCD detector
pelarity was reversed immediately after meascrement of the
reactant nitrous oxide, in prder to utilise the pame
detector for product gas analysis. Raaction with the
sawple tock place in a medified U-tube (previously
described) positicned in tha oven and coptrclled to within
* 1°C pf the desired temperature. Excellent saparation of
unreacted nitrous oxide and nitrogen was obtaipned on the
product Porapack @ celumn. Tha area of the nitrogen peak
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was used to calculate the extent of nitrous oxide
decomposition as it was found to be more accurate than
maasuring the differences betwsen the areas of inlet andg
ocutlet nitrous oxide peake. Calibration was achleved by
measuring the areas of known volumes of nitrogen to within
10% ef the mpessursed sapple area. A sample of nitrogen
calibrating ges was withdrawn by a syringe {Supelce, USA)
from the septum labelled "OUT® and injected into the zseptum
lapelled TIN®. Provigion fer guick, eificient calibration
of routine eamples of a known surface area range was

provided by injecting nitrogen from interchangeable

n
callkbrated sample loops fitted to valve No. 3. Tha volone

- -—.-..J— nnnnn L I I TR e | mrw P LEm ormLn - I [y Sy b T L L
LrL i LLUg4Hll LllFLaLyEyg ob a LEbu,LL LrL [ =] I.'\t L =] HELUJI.II.IU:I- LLUL
{¥g) was obtalned Erom Equation 2.5:
A
A Ty 2 - f3.5)
I 1~ ¥ | A L= =7

whoreas: Ky = malibration gas wvolunme [(ml)

L
An a peak area ©f product gas produced by
reaction

A... = calibraticon peak area

3,.3.5 Co—Back titration procedure

The procedure for determining copper surface area by carbon
menaexlde back titration was similar to that employed for
pulse chemisocrptlon (sea Figure 3.4). In this casa known
volume(s) of ¢Q gas from interchangeable calibrated sample
loops were injectad inteo the helium carrier gas using valve
Mo. 1. The Forapack @ col)lumn provided good separation of
COo and C0,.

Carbon monoxide back titrations were performed at 200°C,
rather than 150°C or 240°C as proposed by Koeppal et al.
{13) and Chinchen et al. [6) respectively. This
temperature was chosen bacause DEC expeximents showed that
no phase transitions associated with CO reduction cccurred
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above 160 °C for the ICI 53-1 commercial catalyst, Raney and
co-precipitated catalysts deseribed in Section 2.2.2.

The CQ, peak area was used to gquantlify the cxygen ramoved
from the copper surface during reduction, as it proved more
accurate than maasuring the difference boetwoen the areas of
inlet and outlet CO peaks. Using a gas ayringe, known
volumes of C0. were injected Iintoc the INM zeptum. In
order to minimize errcers, only calibration areas within 1
of the measured sanple aresa wWere accepted. Eguation 2

R a—r—
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raduction.

3.2.6 sinale point BET determipation

The =sample BET =surface area wes determined by the

by Nelson and Eggertsen (15). A 30% nitrogen in helium

—mixtere {25mlsmin)l was used as  the carrlar gas begause

Lowell (16) suggested that a relative nitrogen pressure of
0.3 gives BET surface areas in close agreement with the
multipoint method. A continuous flow ByAatem was achieved
by l=clating the two Porapack @ columns by switching valva
No. 4 to the position demonstrated in Figure 3.2Z.
Calipration by nitrogen was carried out uwsing the procedure
deceribad in Saction 3.2.4. A 1000 platinum wire resistor
wat repeatedly used to show that the liguid nitrogen
temperature did not fluctuate by nore than + 0.2K during
measurement. This changs did not alter the nitroagen vapour
pressure signifleantly sanough to causae ilnacourate RBET
rasults. EBefore reducticon or surface area determination,
samples were dried in a wvacuum oven Bt 110°C for 2 hours,
and putgassed at 150 = 200°C under He or N, for at least 2
houre, tp provide a clean surface area. Several values
pbtained from the single point flow method were compared
with measurements mada using a Quantasorbk Sarption Syetem
{ ENERTEYX, CSIR, Sounth Africa) end found to agree wlthin %
3%,
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3.1 RESULTS AND DISCUSSION

d.4.1 Calculation of copper syurface area

If complate coverage of the copper surface via Reactlon
iz aszumed, 1 i
the average site densities of 1.6
atoms.m™" (eee Section 3.1) are 0
0.251Ml woe ™5 AL STP. Tha copper surface areas were
calcitlated by dividing tha axperimentally determined voluma
of decomposed nitrous oxide by these values. Tha

caloulation may be summarized by the following equations:

The volume of nitrous oxide (ml) reacted wes converted to

—5TP acecoerding te Equation 3.6, — — — — —

PL273K 4,

Vi tSTFY = LTI qf P - (3.6]
R = "rral
whiere: Pa = anbient pressure [(mmHg)
T. = temperaturae of chemisorption (K)
Ag = paak area of nitrogen produced by reaction

A n.,. = malibration peak araa

VYaoa1 = calibration gas volume [ml)

Copper egurfsce area (m*.g~%)] may ba calculated from

Eguation 3.77

Vio [STE)

S - -
T L TETh (3.7

whare: m = mags f sample (g)
mﬁHDfSTp] = Theocretical STP veluome of niktrous
oxide consumed per m® as caleulated
from approximationa for the surface
aragas of the (100}, (110) and (111)
planes. V¥, _(STF) w 0,313, 0.271 or
0.251ml.m™~.
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In some casas results were exprassed as a surface covarage,
H (see Section 3.1) as determined according te Eguation 3.4.

3,3.2 Magsg dependence and order of analyeis

tially investigate
e 1.1
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Table 1.1 shows the copper powder surface coverage, § | as

deternined for the three cont

i
denslty, for increasing sample masses. Tha experiment was

=== == ===

r

conducted at %0 ¢ which Evans et al. (8] cited as the

cptimum temperature for complete nonolayer coverage using

e e

a piulse chemisorpition technidgue. The aingle peint BET

surface areas were + 4% for tha entire sample mass range

—

considared. Inreduced copper oxide produced ne HL0Q

dacomposition undar tha same conditions.

Table 3.1 MHetal surface coverage (8) as a function of

cample macs and ordar of analyeis

Order of Analysis f
Haes [g]
{1} (11} a b c
0.2573 Chemizorption RET 0.15 0.4 0.44
0.3200 Chemisorpticon EET 0.53 0D.61 D.G66
D.5204% Choenizorphicn BET 0.54 (.83 O.68
.90 Chemisorption BET .79 0.9] .98
1.0288 Chanlsorption BET .77 0.3% 0.97
Q.97H2 [ BET Chemisorption 0.386 O.44 D.4F

a: Assuming 1.6B % 10'" copper atoms.m™=
b: Azssuming 1.446 x 10"® copper atoms.m™®
c: Assuming 1.35 x 107 popper atoms.m™*
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A wvalue of 0.251ml (STP} N0 m™* gives the closest

agreement to unit coverage, B = 1, (expected at 920°C by
Evang et al. (8)) for & =emple mwase greater than ©.%0.

. - e b d m wmme - — ———— . — — —
Baged on this value, the copper surface area as a function

Mk

of zample mags has been plotted in Figure 3.5.
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Figque 3.5 Surfarea area (B .g~") of copper powder as &

function aof mazs

The copper powder surface area significantly decreased when
sample masses £ell balow + 0.%0g9, clearly indicating that

—

matseas of

10w surface aresa samples are wsed. A simllar surface area
g SOmy was abgservead

by Meyers ot al, [(17) during the determimation of tha Pt
curface area of a 0.74% Pt Aé_ 0D, catalyst by 0 chemi-
sprption. They conciuded that trace impurities in their He

carrier gas accounted for tha effect.

from Pehble 3.1 it can be sean that reversing the order of
analysis, (i.e. detarmining the BET surface area of a
radused sample before Ho0 pulse chemisorption) resulted in

a substantial decreage in NoC decompesiticn, even abova the
critical sample mass of + 0.20G. The poasibility of a
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trace oxydgen impurity in the carrier gas mixture (in spite
of the purification methods amplayed) might have resulted
in partial surface oxidation which would have considearably
reduced the exrent of N_O reaction, but would not

necessarily have altered the BET area significantly, as has

bagn proved. Thus for =all results rep

ariiioass A FRawTE 0000 mEEw r

araa determination, or else the sample was raduc
both analyses. Also, catalyst magses were selected in the
range 0.3 to 24 depending on thelr estipated copper areas.

=T =2

2.3.3 Tenperature dependence

ol hrielll hw i irhrrllhdlrldhr

The dependenca of the tachnigue on N.O reaction temparature

fred using 1 c e Nt

oxlde pulse chemisorption analysis con the sample reduced in

surface area detaermination. For a temperature range of

&ll three wvalues of average site density reported in the
literature (see Section 2.1) and the results are pregented
in Table 3.2.

Table 3.2 The effect pf temperature on the metal
surface areas of powdered copper

Voo Saw (B7.g7) @

Tanp.

["C) (ml{5TPlg=*] a b c a b e
aq 0.3&0 3.151 1.331 l.43& b.51 LD.Y& .63
a0 0.454% L.d456 1.BH1 1L.E1& .57 D.6& o.72
qo D.58% L.&7 2.15% .33z 0.77 0.%1 40.98
120 Q.17 2.6L0 ¥.015 3.25%5 1.1% 1.2 lL.40
140 1.204 q4.80% 5.55 5.9094 1.387 2.16 2_.33

a: Acguming 1.68 x l0*® copper atoms.m™~
b: Assuming 1.46 x 10*® copper atoms.m™®
cI Assuming 1.35 x 10*% copper atoms.w™ =
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From Table 3.2 it can be saen that a surface coverage of

lesg than 100% i= obtained for the tempergtures evaloated
up to 60 °C. Temperatures between 20 and 120°C give the
closest Aagreement to unit coveraga for al} valuyes of
average Bite density reported. However, the best agreement
of & w 0.98 was found at a temperature of 20°C for a

woTr s L e e A

surface density of 1.36 x 10**atoms.m™* caelculated

bazis of the three planes of copper being egqually praesant,
and asgsuming & mean area per copper site of 7.4F@ A%, Both
the atopic depsity used by Evans ot &1, [8) and the value

of 1.46 x 10*¥ atoms.m ¥ proposaed by Scholten and Xonvalinka

(1 led to copper surface areas wmuch less than the BET

la0'

3 (- b
Or
-
£
=

N ¢ 1 < 3 & %

PLLE MUMDER
Flenke 3.6 Adsorptive deccmposition of nitrous oxXide on

a copper powder as B function of pulse
number at varioug temparatures
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Increasing the reaction tempereture increasas the surface
coverage until unity is achieved arcund 50°C. Thies result
is in acrordance with Scheolten et al. {3) who reported that
the activation energy increased with coverage, Third and
subseguent pulaes at temperatures of 30, &0 Bnd S0 C
rezulted 1n an  Averaca steady-state nitrpus oxidas
decomposition of less than 2.5% of that consumed by the
surface in the firat pulse. This result mey bea eaxplained

enparatures lesg than 90 C

by partial surface oxidation At

and minimal bulk oxldation at a temparaturs of 907 C.

Our standard procedure of surface area determination at

—n . [ v

OnTim ko= 4 . 2w mitwFE o manom et bS8
Y L LnlS ITNIVOLVES dOding SUrriacd argd CONTrigUuclions I

M.0 pulses prior to the on-set of steady-ztates H_ O
&

—deconposition {see Tablae 3.3} Since steady-state Ny

deconposition is considared to be due to bulk oxlidation, it

: .y .  anifi | l i

celoulation.

The fraction of the coambined consumpticn of HN.,0 for the
2nd, 3rd, 4th and 5th pulses to that coansumed by thea
surface in the first pulse increased from 41% at 120°C to
74% at 140°C. Considering that at both temperatures mare
than 5S0% of the nitrous oxide in the fFfirst pulse was
unused, it is probable that not eonly does bulk oxidation
take place at thase elevated temperatoras, bot that the
axidation increases exponentially with inoreasing
temparature. Scholten &t al. (1) aleo observed an "oxygen
break-through" {oxidation of the sub-surface layerzs) at
temperatures of 120 and 140°C whilet Evans et ai. (8)
reported thet bulk oxidation was clearly evident at 180°¢C,
although their data souggasted that bulk oxidaticn may have
started to pcour between 90 and 130°C.

3.3.4 The effect of catalyst support and_ pulse volume
1] { gt

The lack of N_ 0 decomposition over zinc oxide and alumina
powders  {Merk, AR grade) at 90°'C c¢onfirmed that tha
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presence of these metal oxides in Raney and co-precipitated
catalvysts (see Section 3.2.3) did not contribute towards
the speclific surface araoa. Evans et al. {(8) presented
evidencs to suggest that bolk oxidarion was greatly

enhanced in copper catalysts supported by zinc, aluminiuom
oxides, wheread a =ilica suppertad catalyst

and pure copper =zamples showed no decomposition of hitrous

pxide in the second and subseguent pulses and hance no bulk

&¥i1daAtion Charactarieatice. However, results predented in
Flgure 3.& showed that repeated nitrous oxXide pulse
decomposition took place over the pure cCopper Sanple even

at temperatures as low as 10 C.

Whilst it is not Jdisputed that the presence of the

promotes bulk oxidation at S0 C. Tabla 3.3 shows the
~ copper surface areas of a Raney copper-Zing-alomitniusm
catalyst obtained using multiple pulses of varylng nitrous

oxide wolumas at 90°C.

Tanple 3.3 Matal surface areas (a*.g~ "} of a Raney
coppar-zinc-aluminivm catalyst using
ultiple pulses of varying N.0 volumes =- *

Fulee wol.[ml) 1.494 1.11 .51

rulse Ho. s:u Escu. S!h.l Es;—u EL‘U Tq:u
1 L1 18.4 13.7 13.7 To0 7.0
s o. 8 1.4 1.8 1%.3 g,7 13.
3 .2 14,6 LI 17.4 3.1 1), 0
4 0.1 0.3 1z.2 n.7 1+.7
5 g.a? .2 R 0.5 18,2
B 0.09 el Q.72 1.5
? 0.1 .06 .1
B Q.1 0.03 0.1
o - = Q.45 0.1
1o - Q. 0.1

= Catalyst atemic compesition = Cuf(é€l.7) Zn(ll.0) A#(25.9),
Sppr = 34.3m*.g°*, mass = 0.50gQ

= pariod between pulses = 10 minutes

= pashes indicate not measured
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As exXpected, a decrease in pulse volume was accompanied by
a corregpanding increase in the nunber of pulses necegsary
to ghtain unit coverage et 50°C. However, decreasing the
N, pressure in the helium carrier gas stream alsoc had the
aeffact of promoting a steady-state partial oxidation of the

bulk. From Table 2.3 it can be seen that similar copper

suriace area resulis were obtainable using comparatively
large and snall pulses of NoQ {surface areas differ by less
#.@" %] AS l0Ong AE cArea was taken
not to include area contributions from bulk oxidation.

[Ny I, P . ey

Fan P, B N e w2 e PRLEFCEE .
al . L9y L[EPJLLER Al RKE LA WHER LHALGME PULSHE

volumes thraese to four times in excasse of The amount

pulses st a wonstant temperature of 50 €. This evidence

oxidaes [mentioned earlier) enhanced hulk oxidation. From

congecutive 0.51ml N_.O pulsas resulted in a&n additional

ngpparent” surface area of 0.4m?.g~* (corresponding to a
2.2% increase). The introduction of en additional single
pulsa after a period of 20 houre contributed only a fuxther
0.1m*.g~* ipncrease in the specific surface area of the
Raney catalyst, which suggests that large partial pressures
gaf WN_0 in Ha rather than netal oxides may have caused bulk
oxidation with time. Similar trends were ohgerved for
Raney Cu-a¢ and co-precipitated Cu-Zn-Af catalyste,

1.3.5% Carbon ponoxide back titration

Carbeon monoxide back titration was used to check the amount
aof oxygen chemisorbed on tha copper surface from the
decompositien of HzO0. {The method and procedure 1=
dazoriped in Section 3.2.5). The reactions presanted Dbelow

were suggested by Habracken end Bootsma (18) to he facile:
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SO + Cul ] -~ L0{a) - {3.B)
Cofay ~0lsy - C0,(g) - [3.9)
whers: a = adearbed species
Table 3.4 lists the specific copper surface aress of three

pared from alloys of wverying

T

I N | LW

compositions, a co-precipitated cCu-zZn-Af catalyst and the

It 53-1 commercial catalyst (see Seactionm 3.2. 2]. These

no further oxygen from the N0 decoppesition was obsarved

1~ 1
p = L] T X

it

(STP)CO..m™* was used to caloulate the OO0 pkack titrated

copper surfiace aroas.

Table 3,4 A comparison of the metsal surface areas (m?.g—*)
of copper-baced catalysts determined by pulse
N0 decomposition and CO back titration

Sampla Cheml sorption CO back titration
surface aresa surface araoa
Raney Cu-Ag =~ 8.3 7.7
Raney Cu-Zn-aé " 16.9 17.6
rRaney Cu=-Zn-ht ° 1.3 18.2
Co-precipitated 7
Cu-Zn-Ad 5.3 4.9
ICI 53-1 * o, d 9.4

Atomie composition = Cuf70.2) Af {29.8) Suppr = 23.0m0%.g77
L atomic compesition = Cu{60.2) Zn (4.2} At (31.3)
Sppp = 13.4m2,g77
= atomic composition = Cu{6l.7) 2n{ll.O0) AE[25.9)
Sppe = 34.3m7.g7%
“ atomic ratlo (Cu:En:Al = 1, Sppp = E5.9m* , g-"
= 6), Smmp = 81.6m.g-

1:2.523
Atomic ratleo [(Cu:Znzdf 1:1.2:1
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The results of both methods are within less than 3% af each
other, which econfirmed that pulese KR.O0 dacomposition at 90°C
is a valid and reliable technigue for the determination of
the copper surface areas of a variety of supported copper
catalysts.

3.4 SUMMARY

It hes been shown that an accurate estimate of the copper
surface area of copper-based catalyets can be ochtalned
using a single or nuaber of nitrous oxid

An atomic depsity of 1.35% x 107" atoms.m

W
i
-
4
ﬂ
o
u ]
)
ui}
")
.+

—ecarbon nonoxide back titration is as an effective method —

for confivmling copper surface aroa measurements.
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THE CHARACTERISATION, ACTIVITY AND STABILATY OF RANEY
COPPER CATALYSTS FOR THE WATER-GAS SHIFT REACTION

Ja

1 T MITTTLHT T TivhE
= e N gy BRA PR L Ry R

The akility to prepare a Raney copper catalyst with a
composition similar to that reported for the conventional
co-precipitated low temperature shift catalyste ({see
Chapter 1, Section 1.7) suggests that a Raney ¢opper systen

may be active for the WGESR. This chapter considers the
praparation and characterication of these alloy-catalysts
in order to obtain an understanding of their activity and

stability.

of A component or components from an Rlloy to produce a
ppongy porous material which may have catalytic potential

primarily as a result of an 1ncreasea 1n surface area of Lhe
active metal. Since, te a large axtent, tha leaching

process determines the physical and chemical properties of

the resultant catalyst, an lnvestigation of this process is
important te¢ understand the unique way in which the Ranay
catalysts mre formed. For this purpose, characterisation
of the textural and structural praperties af the resultant
catalysta was carried ocut using Ad, SEM, EDAX, XRD, pulse

N.O chemisorption, total BET surface area, pore volume and
mean pore radii. In particonlar, characterisation stodies

J1F
T f

alloy of nominal composition Cu(35) En{l5) AL(50}. This

n simnce Marsden et al. {1) reported that

~haoo
TrdEnFal r b b T e W Rl ARawIam YW T T

these Raney catalysts gave optimim wethanol syathesls
activity,
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4,1.2 Activity ang stability

From the work of Friedrich et al. [2) it may be deduced
that Raney copper catalysts present certaln hypothetical
advantager over the co-precipitated cetalytic alternatives.
The auwthors reported that a fully sxtracted Raney catalyst
of initial compeosition 96.2wb® Cu, 2.1wt% Zn end 1.5wtd AL
showed 1little loss in methanel =ynthesis activity before
steady-state conversicn waes attained. Tt was conciuded
that the rasidual zine Iln Raney catalysts have scne farm of
"ostabilizing effect" on the catalysts. Az the Raney copp&r

ODeart ﬂﬂ'lﬂ.1'l.] ﬁ'F e Tatnte el T nmt%}

cnn51dered that the high BET s=surface area reported
{24.5m*.g"") c¢orvresponded  almost entirely to  coppar
orystaliite surface area. consjdering that high WGES

artivity for co-pracipitated catalysts iz achieved from a

high epecific copper surface area (ses Chapter 1, Figure

1.6, it is reasonable to assume that the same corrslation
ooeurs for REaney copper catalysts. The substantial ameunt
of suppert material necessary to stabilize tha copper
crystallites of co-pracipitated catalysts [for example, 30
- 35% Zn0 and 30 — 35% AL,C, For the ICI 53-] catalyst {(3))
does not eeem to he necessary ih the Raney copper
Formulation. Rather, laached copper of high surface area

the continucus structuxra of Ranay copper crystallites

and residual amounts of zing {(2) present in the porous

Jeached zone.

The activity and stabllity of Raney copper catalysts for
the WGSE was thus lnitlally determined using the caustic
leached cu(3s)y Znil5) AE(50) Bnd Cu{&0} AL{50) alleys, both
of which will Isave low ar no Zn content after leaching.

The =tabilizing influence of zinc in Raney copper catalysts
was investigated by incorpeorating Zn™ icns of varying
dosages into the near-surface regions of caustic leached

'] . , R Th

technigue has the advantage of implanting concentrated pura
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species with an accuracy and  <¢ontrol theat  offers
uttpracedanted fresdom toe modlfy khoth chemical and physical
sub-surface and subseguent surface properties of a2 material

(5}

curry-Hyde at 2l. (6, 7] successfully demonstrated that it
was poesible t&  lnhibit the zino oxide dissolution

mechatlsm by leaching a3lloys in presaturated zincate
solutions. Initial axperimants (&) using pelleta of Culf,
showed that 4n0 could be ypiformly introduced to zing free
alloy catalyets Ly leachliny in a 2ingcate rich solution.
ilarly, the leaching of ternary Cu-Zn-af alloys in
zincate/hydroxide solutions improved the catalyst zine

loading.

The "leaching/Zn0 precipitation technigue" (8] offers an
economical, eimpla method to improve the zinc content of

Raney copper catalys=ts. The affect of precipitated zinc
anrichment on Raney copper activity and stabllity wae
evaluated with inference to catalyat marphology.

4.2 EXFERIMNENTAI

Alloys, Ranay copper catalysts and co-pracipitated

-19mm alloy particlas with nominal compositions of
cuf{35) Znfls) AZ(50) = Alloy C and Cu (50D) AL(S0) - Alloy
D. The alley particles were lesached in 2 7.1M agueocus
sodium hydroxide soluntion at B0 (chapter 2, Section

2.1.1). Extractien times used in the preperation of the
catalysts from Alloy ¢ were 1.0y 1.5: 2.0¢ 3.0 and 19.5
hours. Alloy O was extracted for 1.5 hours. Ranay coppar

_ gatalysts for ion implantation were prepared by the caustic

leaching (7.1M] of alloy D particles (diameter 1.0 to
1.18mm) for one hour at 50°C.

Zimc enriched Raney c¢opper catalysts were prepared
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according to the procedure and conditicns ocutlined for
caustic leachinyg in Chapter 2, Section 2.1.1. In this
case, three zincate/hydroxide selutions wera used to leach
Alley ¢ particles of diameter 0.5 to 1.180mm for a total
axtraction time of 2.0 houre at 50°¢. The leach soglutions
were prepared by digesting the regquired ameunt of zinc

nitrate (A.R. grade, Merk chemicale) in aguecus sodium

hydroxide pefore addition to the alleoy-water mixtures. Tha
final 1leach s=soclutions conelzted of a hydroxide lon
soncentration of 7.1M and zincate concentrations of 0.1HM,
0.5M and O.75M,

The apparatus and techniques for the catalytic study have
hoen digcussed in detmil in Chapter 2, Section 2.2. In all

cages 2 + 0,1ml of catalyst was loaded into the malti-
fixed-bed laboratory reactors, reduced in-situ, and tested
For WGE activity and time-on-stream stability under almost

identiczl experimantal conditions (CO:tH_O = 1;22.E
tenperature = 200°¢C and total GHSV = 1000h™ ). The
catalysts were placed on-stream at the relevant start-up
tamperaturas, Catalyst testing was conducted at
artmospheric pressure (620mmsHg in Johannesburg, South
Africa). Also, blank thermal resctions in the absetce of

catalyst were found to be negligible, a= was the formation

-3
L

(a) The nature of Raney copper catalysts

The bulk analysis of the Alloys C and D of nomipal
composition Cca(35) Zn({l5) AE(50) and Cul50) AL{50), respec—
tively, the base leached cetalysts, the industrial ICI 53-3

catalyst and & co-pracipitated WGS catalyst were determined
toy atomic absorpticn sSpactroscopy Bnd the rasults are

' '
. = = - = . 5 5 myi B LS5 ] 31 ~Balz oL o
S e o LLE i = H Bl - B o L, = E == 5 Ok

tha same catalysts after WES activity and stabllity testing



Are also rTeported.
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As can be seen, within experimental

limits, no change in catalyet composition ococours after

WESH.
Table 4.1 Bulk compositions of fresh and used Raney
copper catalyste of varyjinpg leach times
Sample Extraction Compoeition befora Composition after
time (R} WGSR [whi) WGSR (wtX)
[yt En Al Cu ¥n At
Allay C 1.0 69,2 6.1 21.7 6E.6 6.7 21.3
Alloy C L.5 T4 £, 1.3 rh.4 5.0 15.5
Eltoy < P LR B a7 T2 3% | .
Alley O 1. g4.6 1.8 11. 6 gq.2 Z.0 11.23
Alloy © r2.5 B7.0 1.4 6.5 -
alloy D 1.5 B4 .7 a 15.3 BE.3 i) 13.0
ICT 33-1 - 25 .8 1.8 17 268. 2 12.5 19.4
Precip. - 1z .4 1.7 16,6 14.2 3.0 15.1
—— " Not measured
The REney copper catalysts wers analysed iwmedistely afrex

extracticn and after reactor testing.
of one hour and longer the mass balance for the primary

metals [(copper,

For leaching times

zine and aluminium] wes greatar than 95%.

The unzaccounted mess is consldered to be axygen and in some

Cases a trace iron
captent of the unreduced fresh industrial ICI 53-1 catalyst

{31y was calculatad as 26.9%,

impurity. The

APpproximate oxXygen

which is inh good agreement

with the wmacs deflelt of 24.8% determined from the AAS

results raported in
Ccu:zZn:Al befora and after reactor testing was 1:1.2:1.6 and

- - + L

Table 4.2. The atomic ratic of

co-precipitated catalyst for cCu:iin:if before and after
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reactor teating was 1:2.5:3 and 1:2:3.6 respectively. As
the catalyst rim could not be accurately removed from the
alley <ore for separete atomle absorption analysls, =zemi
quantitative chemical compositiona for the reacted rims and
cores wera calculated from more than two representative
EDAY measuremants, and the results are glven in Takle 4.Z.

Takle 4.2 Rim and core compositions of Raney copper
catalysts of varying leach timas

Sample Extractiaon Rim (wrti) Core (wti)
tima {h) -—

Lo in e cu uin AL
ALioy © 1.4 83.4 9.9 H.7 37.7 11.6 E540.7
Alloy © 1.5 20.0 3.8 &,2 A0.3 4.3 48,7
Alloy © 2.4 gn.1 2.9 .9 39.5 14.2 45.4
Allay < 3.0 2E. 8 - 1r.2 x
Alloy o 1.8 g9l.d 0 5.2 B

= HNot datected
T No core observed from SEM

Good agreement betwean the EDAX and A3 measuraments for the
B conpositions w

5EM was used to obtain direct structural information on the
morpheicgleal development and sintering phencomena of Raney

Iy —r:—Fama mwA FEw———A o
LIIE ML LaL-EH dlild livsg O
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Pigure 4.1 (i1 Elaectron wmicrographt of the =surface and
croge-—sactional area of Alloy ©

a: Surfaca [MAG x 2007
: surface [(MAG x 5%0)

c; Cross=-sectlion (HAG X 220
d: ¢Cross-section (MAG x 220)

Particlee are roughly spherical (a and o) whilet the alloy
surface [a and b) 15 non uwniform, and nok very porcous

fSmee- € JdM~.g~%). In some cases cracks and fissures were
apparent (a = d)} and are considered to goour during rapid
guenching of the melt or from the stress associated with
alloy crushing to obtain reguired particle sizes [sae

Chapter 2). The cross-sectional elactron mictrographs (o

1] re
Frem the elemental mapping micrographs, [(Flgure 4.1 (ii})
n even bulk dispersion of Cu, %o and AL 1n Alloy O was

=1
CERE - ArnE . d@ -

ohserved.
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Figure 4.1 (ii} Cross—sacticonal coppar, zinc and aluminium
mapping of Alloy C

a: Cu mapping (MAG X 25U)
b: Zn mapping (MAG X 550)
c: Af mapping {MAG X 550)

Figures 4.2 (i) - (ii) and 4.3 {1y = (ii) show alaectron

micrographs of the surface of Raney copper catalysts befcre

ard after reactor testing respectively.
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Figure 4.2 (1) Eled

I T I

rron micrographs of the surface of a one

hour leachad Alloy C cabalyst before Walk

MAG ¥ 3D

PR ¥ 200

MAG ¥ 2000

zri mapping [MAG ¥ 5507
A¢ mapplng (MAG x 554
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Eigu:ﬁ_iLz_Llll FleCctron micrographts of the surface of a
three hour leachad Alloy C zatalyst bafore

WGSE
gr MALCZ » 30
b: #Mac x 200
c= MAG ¥ 550
AT EpS ¥ 2000
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Figure 4.3 (i) Electron micrographs of the surface of a one
hour leached Alloy C catalyst after WGSR

a: MAG x 30
: MAG x 200
c: MAG x 2000

: Zn mapping (MAG X 550)
e: A¢ mapping (MAG x 550)




Flanra 4.3 (jii) Electron micrographs of tha surface of a
three hour leached Alloy © catalyst after

WGSR

FL I MAG x 30
b: MAG x 200
oz MAG x 550

considering Figures 4.2 (i) and fii), it can ke seen that

ryidence of alley leaching is not vigikle at low

 magnifieatien ({1) and fii} a). Higher magnification and
long leach times ({ii) b - 4d) reveal the formation of
"nodules" on a skeletal or =striated surface. The EDAX

determined elemental composition of the Pandules" was Found
to be identical te tha catalyst compositlon reported in
Table 4.2. (Cu = 88.8wth AL = 11.2wt%) and are thereioram
regarded as being part of the laach residue rather than of

pradominantly wunleachable" phases resistant to caustic

actian. Tt 1= well known (9, io) that a5 a

changing crystallire gize profiles through Lhe rim

axtensive rearrangement of tha Coppe

ijs therafors possible that the nodules

leaching and it
ed from concentraeted deposits

{rich in coppar) may be form
_ af eaustle jnecluble coppelr on tha dendritic structures.

rhis phenemenan 15 digrussed in more detall in Saction

$.1.1 (d]. The surface af the 1 hour leached alloy

congists of a uniform dietribution of Af and 2Zn {Flgure 4.2



(iy 4 = e) indlecating that non selective phase leaching

probably ooours.

In Figures 4.4 (i) and [(ii) electron micregraphs together
with zinc and aluominium mapping ara presented to show the
morphologicel devalopment of MEresh" Raney catalvyvats
prepared by varying the contact time to ceustic solutien.

EXTRACTION TIME { ALLOY C)

1.0 HOURS 1.5 HOURS

Raney catalyst (M x 100}

ToacT -I-"

Aluminium mapping (M x 550) | Aluminium mapping (N x 200)

—_ .t

i 4 [l] Crosa-sectional alactron micrograpns of
Figuge 4 Alloy C leached for 1.0 and 1.5 hours



EXTRACTION TIME [ ALLOY C)

WA YT -
-

2.0 i)

ifNHI A AIW

Zine mapping (M x 200) Zinc mapping (M x 55G)

R ’ RV AN
B . P = %
] - .

Aluminiom mepping (M x 200) Aluminium mapping (M x 550)

.. _ i
i 1] Cross—-Sefcilfidas S50 D282
Figqure 4.4 [11] i
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The electron micrographs in Figures 4.4 (1) and (1i) show
that for reaction times up to 2 hours there 1s a clearly
dafined boundary between the reacted rim of perous Raney
matal apd a cora of elemental composition similar te Alloy
C [sea Tablas 4.1 and 4.2) indicating g leach raactien has
as vyet taken place in this reglon. The boundary is
 convoluted rather than planar, Fer all extraction times
investigated, thils boundary wag found to be parallel to the
original alley surface. Partlal leaching of alloys (for
1.5 and 2 hours) resulted in reaction product zones
consisting of two layers, (clearly ldentifiable in Fiqures

4.4 (i) and {ii)), an outer laysr o
material with interspersed black areas, and an innexr band
of intermedlate shading of =verage dlameter (30 — 40 um)
which is independent of alley leach depth. Wainwright et
al. {11) alsc observed that the reacted rim consisted of

(|

two distinct layars for leach times up to 2 hours.
Microprobe analysis showed that the grains of the outer
layer wag essentially Copper., whilst thesa in the inner
layer were unreacted Cu(Zn)ai-. The intergranular matexial
had bean leached conpletely to leave void space in both

er=. Thiz rcopnmlusion is consistent with the elemental

LI B S e = e 2 =S

law
A

mapping micrographs for 1.5 and 2.0 hour leached catalysts
(Figures 4.4 (i) and (ii)) which show that the aluminium

and zing dansity e higher in the immer layer. After 3

hours no eore was distinguighable frem & rim, (Figure 4.4

""" narticla hag bean leached to the
(ii1) indicating that the P

andreev et 21. (10) teported that th= centro of a

centre.
particles of diametar 1.2 - 2Zmm and chemical composition

Cu{d4z.0) Zn{l4.3) AL (43.5) were gtable to leaching as a
rasult of the ardered crystalline structure formed by slow

gquenching during alloy formation. The authors found that

conditions of guick erystallization and contact with water
wera rharacterized by a defect structure which determined

. +icles during leaching. Far

all catalysts in FPigures 4.4 (i) and i), an even, well
centration of A# mnd Zn in the outer layer

pf the reacticn zone was observead
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The physical structare of <he cawstic reacted produst
resigua before and after reactor teating ig presented in
Figures 4.5 (i) = {(il) and 4.6 {i) - [ii) respectively.

Figure 4,5 (il cross—gectional elaction micrographs of
the porous Tia of a one hour leached hlloy
C catalyst bafore WGSR

P MAG X 220

MAG »x IQ00

Zr mapping (MAG x 530
a¢ mapping (MAG x 550}

:-?EU‘FF




