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Producers of refractory materials, 28! Fulwcod Road, Sheffisld SIO 3G8. Telephons ©742 30392 (10 lines). Telex S4425
Registeres Office. Pagistered in Engisnd. Mo 122414 VAT Reg,No.I72 3715 83

ATN/MT

8th July, 1980.

Alr Products & Chemicals Inc.,
Escamdia Plant,

P.0.Box 467,

Pensacola,

Floxida 32592,

U.S.A.

Dear Sixs,

Re: Prcrosed use of PH/NUA21 Catalyst in your Methanol Plant Reformer

We confirm that Pickford Holland & Co.Lté. will accept the return, of all

normal radicactive waste (contaminated coveralls, radionactive dust, used

catalyst etc.) which arise during the loading/unlocading of our PH/NUA2L catalyst,
to the United Kingdom for disposal at an approved dumping site within the United
Xingdom. All costs to be borne by client.

The regulation packing requirements and current disposal costs are outlined in
the attached publication.

Yours faithfully,
for PICKFORD HO}LAND & CO. LTD.

0 jw« . g/}/(_?{,ma,m
/f,_,('r’/’———

A.J.NORMAN
Technical Sales Manager, Catalyst Dept.
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Encs-

A member of the Dyson Group of Companies
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Producers of refractory materisla. 38! Fulwood Road, Shafisid SIO 3GB. Telsphone 0742 303521 (10 fines). Telax 54426
Registered Office. Registered in England. No. 128414 VAT Reg.Ns.!72 3713 89

Disposal of used NUA2)l nlus other radiocactive waste.

1. PRegulacions

The regulations for shipping used NUA2) are as strict as those for shipping new
catalyst and must be fully complied with. The reguirements are as follows.

The catalyst must be loaded in good, rust free steel drums conforming to the
International Atomic Energy Authority (IATA) Transport Regulations foxr Type ‘AF

packages.

In our experience the thickness of the steel including the lid should be nct less
than 0.048 inches {l1.2mm). The cétalyst should be packed inside a polythene liner
inside the drum or in a nurher of smaller polythene bags. The radiation requirements
are that the dose rate measurable on the outside. of the steel drucs (¥ radiation)
must not exceed O.S5mPem/hour and the removable surface contamination on the drums

must be less than lo-iu‘Ci/cm2.

To reduce transport costs the catalyst should be packed in drums of optimum size
23 inches dia (58.5 cms) by 33.1/2 inches high (éS cms) . Four drums should be

strapped on a wooden pallet, size 44 x 44 inches (112 x 112 cms), which will fit

sice by side in container vessels. ' L

" 2. dMathod of disposal.

Pickford Holland have an arrangement with British Nuclear Fuels Ltd. for the
disposal of spent NUA2) plus other radiocactive waste arising from the charging and
discharging of the catalyst in a Client's reformar tubes. The arrangements call

for the following instructions to be carried out.

Upon arrival at a U.X. port, the containers holding the spent NUA2l plus waste
material must be unlcocaded for onward transmission via road transport‘to Pickforxd
Holland works at West Hunwick, Co.Durham. A BNFL Inspector will inspect the drums
at Pickford Holland works.

continved..........

A member of the Dyson Group of Companies

AP00026868



'Disposal of used NUAR2) plus other radicsctive waste (cont’'d).

After acceptance for Jdumping, the spent. catalyst plus waste materfal will be
teken by 2 special BNFL lorry from Pick{ord Holland works to the approved durping

3
Sitle.

3. Cost of disposal.

{(a) Provision of polythene bags, drums and Pallets; Client's liability.
{b) Transport frcm Client's site to FCS port of Client's choice; Client's liabilits
{c) Shipping costs frem port of Client‘'s choice.m U.K.port; Client's liability.
(d) Unloading from containers on to road lorries and transport to West Bunwicks
. -£60.00 per tonne.

(e) Inspection at West Bunwick and transport to dumping site; £19.625 per tonne.
(£)  Duzping charge; ' £12.25 per tcnne.

- . - Sub Total £41.375 per tonne.

{9) Pickford Bolland handling charge; £150 or 10% of the subtctal, whichever is the
. greater,

Pickford Bolland have no control ovar the prices shown in items (d), (e} and (£)

vhich are therefore given without guarantee.
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PRLCAUTIONS TO BE TAKE!N WHEN STORING,
_ HARDLIRNG AND USING NICKEL URANTUM . ) ?
STEAM REFORMING CATALYSTS
. by
M,D. Hill and A.D, Wrixon
] " Pickford, Holland 2nd Co.Ltd.
) Contract No. 6/1017
-
National Radiological Protection Board . ‘ June, 1975
Harwell, - : ’
Didcot, )
Oxon. . A ...
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Abstract
.

This report has been preyared by the Hational Radioclogical Protection
Board for Pickford, Holland and Co. Lid. The potential hazords associated
vith the use of nickel uraznivm stean reforning catalysts, vhich are
sligitly radicactive, have been assessed in the light of the rz2c¢omzendatiions
of the ‘Intematicnal Comnisaion on Radiological Protection. It is concluded
that these catelysis can be used szfely provided sone sipple indusirial
hygiene proceduxes are followed. The most importent of these procedures are
the vearing of gloves when handling the catzlyst and the use of technigues
to reduce dust levels vhen lcading and unloading reformer tubes. Specizl :
nmedical supervisiocn of woxlzers should not be necessary.
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g £lightly radioactive. lowever, the hazards acsociated with this material 1
are negligible if ginple preecautions are taken to cncure good induririal

hygicne. The catalysts consict of uranium oxide, nielel oxide and a cmoll
amount of barium, supported on alumina. The main problem ariecing from their
usc is due to thc dust procduced during handling, and zost of the precculions
are thercfore directed at rcducxng du"t levels znd hence intaltes of duet,

2. RADICLOGICAL PROTECTION DATA

2.1 Properties of Devleted Uranium

Naturally occurring uranium cons1st° of three J.sotonn"- uraniun-238
(99.3%), uranium-235 (o 7%) and uraniun-234 (0.000$%). Decpleted uraniunm
hag a lower activity than noturzl uranium since part of the uranium-235
(and corne of the u*aniumr23h) has been artificizlly removed, typically
" depleted uraniun contains 0.3) urenium-235.

A11 thyee isotopes of uranium emitol-radiztion and produce daughter

\isotopce vhich are 21so radiocactive, emitting =<, ;3 and ¥ -radiztion. These

Ahree types of rachatz.on will there.f.‘ore be emitted by depleted uranium
~catalysts. .
Alpha-radiation has a very chort range and is stopped by, for example
a few centimetres of zir or the dead layer of the skin. Exiternzl to the
bedy it therefore presents no hazard but internally it is the radiation
of principal concern. Since the caztalyst is in insoluble foxrm the organs
of the body chiefly zffectcd by eating or breathing in the catalyst will
be the gastro-intestinal tract and the lung respectively. Eeta-radiation
has a somewhat longer range and if the czatalyst is handled directly this
can cause extermzl irradiation of the skin and honds. Eowever, any normal
form of conizinzent of the catalyst will eliminate this since, for example,
1.4 mm of steel is sufficient to completely stop the radiation.

Ganma-radiation is much more penetrating thon o or [ -radiation but
the intensity decrcases rapidly with distance. In view of iis penectrating
nature it can cause irradiation of the whole bedy and is the only radiation

of interesst when the catzlyst is contained in storage drums or relormer
tubes.

2.2 Basic Standards

The basic standaxrds of radiological protection arc thoce of the

" International Commission on Radiological Protection, {CgP, vho have laid

dovn maximws permiseidble levels of radiation cxpocure These levels
have been accepted internationally and those vhich ave rclevant to this
assescment are given in Table 1.

- T -rse
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’ ' ICRP Mnxirun Permiccible Toses for
: ) "QOccunpationully mooced Persons

Organ I-Ia.v:ixmfm P;zibs'fible Doses
VYhole Body 5
‘ Skin 3
] Hands 75
lung . . . 15
GI tract _ S ) .

- Tn addition ICRP recocmend that workers who night receive more than %
-the masirum permigzitle annual dose should be subject to special heal
supervision and perscnal monitozing

of
] %h
>

For short term ox intermitient exposures ICRP consider that up to one-
half of the emnual dose limit pzy bz received in any period of a guaxter of
a year. '

2.3 Darived Standards

The basic standaxds of ICRP.have been used 2s a bagis for derived
standards nore suitable for the working environment., Since uranium

. catalyst can czuse both intern2l irradiation (principally from its
& ~emission) and external izradiation (from its 8 and ¥ —emission) the
derived stendards for these will be considered seperztely.

. 2.3.1 Intern2l irradietion

This would arise following inadvertent ingestion or inhalation
" °  of the catalyst

The maximim permissible concentrations of natural wranium
(:Ln.,oluble form) in water and air for contintous cccupztional '
exposure (LO h per week, 50 wecks per year) and the maximum
quarterly ? daily intakes obtained from ICRP data are given
in Table 212 : . :

oy, e — -— s emmm L e - — - — .—.—-.,..—. — v e— — -
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Maxirmm Pernissible Concentrabions, OQuertexly and Doaily Intzkes for Natural

Table 2 :

form)

Uranium (insoluble

Mexipum Permissible

HMaximom Permissibie

Haximum Permissible

»

used in .JCRP publications has not been cmployed in the Teble,

dpa = disintegrations per minute.

Concentration Quarterly Intake Daily Intake

In Aix In Viater Inhalation Ingestion Inhalation Ingestion
180 yg o 1.5 x 10° ng w3 225 ng 206 g 1.0 mg 1.7¢
270 dpm m > 2.3 x 107 dpm m > - ; ; }

-10 .. -3 - . =3 -1 . . . PP I -
1.2 x 10 nCi cm 1.0 x 10 7 nCi cm 1.5 x 10 e - 138 iz 1.2 x 10 - pCi 1.1 puCi
lotes .
1,. 1 €i=3.Tx 83 disintegrations per sccond. A special definition of the 'curie'! of natural urenium

ihe paxiwmum permissible concentration in air of 180 pg B...u is very close to that recommended by the

American Cenference of Governmental Hygsienists who consid
raximun concentration allowable for ccecupational exposure

6

\uﬁnéxqoum..nﬁ

: -

uéxﬂoxum... ‘

——

e

vaﬁa& 200 pg m=3 of netural uranium is the
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. No data have becn publiched by, ICRP foxr depleted uranium, but cince b
ite radicactivity is lese than thai of natiwal vrenium, comewhat hisher
maxizum peroicnible concentrations in mass terms (pg em~3 or pg w3) muy
be allowed. However, the values in Table 2 for natural urzaiuz will be
used here.. .
Athough the velues in Table 2 aze only for drinking water, the
maximun permissible quaxrtexly and daily inizkes for water can de applicd
generally to all procesces of ingestion e.g. eating, transfer from

contaninated hands to mouth.

) H O

akes from thece processes within safe limits 2ximom
kes f theese processes witl fe limits 2 maximum

B=P

To keen int
tion level of 105 };Ci cn~2 is allowed for wranium in the

skin contaminat
T.XK.*

Based on a normal worlking habit of LO hours/week and 50 weeks/yccr,
the vzlucs in Table 1 can be used to calculate derived etzndzrds for
continuous ozcupoticnal exposure. For vhole body exposure from ¥ —radiation
the linit will be 2.5 mrem h=! and o of the limit, 0.75 mrem h~1. This
means in practice that only employecs woxking for zpprecizble reriods
of tire in areas vhere the doss raie is greatesr than 0.75 nrem h-toyill
reouire the special hezlth supervision mentioned in section 2.

In a similar way foxr exposyre of the handc from 3 —radiation the
lipit vill be L0 mxem h~7 and -4 of the limit, 12 mrem h™!. These
. values will apply to continuous hendling of urzniwn. To keep the -
" @ -razdiaticn dose rate to LO rxrem h~1 surface contezinztion in
controlled access areas is limited to 10-3 MCi ce~2 in the U.K. for

* uranium, This is reduced to TO‘E‘ pCi ca~2 for general access araas.*’

3. - ASSESTIEIIT OF POTEITIAL HAZLRDS FROM DFPLETED URALTGH CATALYST

It will be assumed that 103 by wcight of the catalyst consists of
depleted uranivm.

3.1 Storasc
- Here there is no possibility of intake of the catalyst into the body

and only the extermal radiation necd be considered. As already shovn the

ol and @ -xadiation will be abcorbed by the drums in which the catalyst is

contained and anly the extemal § -radiztion nced thereforc be considered.

The thfsnefiéal ¥ ~dose rate a2t the surface of depleted uranium is about

" L mrem h=1{4) | yhile meacurcments on 2 catalyct containing 734 uranium chowed

a dose rate of 1 wrem h™! at the surlace of the uncovered cztalyst and 0.2 mrem joull

at the surface of a steel drum containing 225 kg catalyst., The docg rate

falls off rapidly with increasing disiznce and at 1 m is indistinguichable

from natural backgreund radistion. It is therefore inconceivable even with
_catalys:s contoining 1988 dopleted uraniwm that the o2 derived standurd of

0.75 wrem h-1 will ever be exceeded. o

¥Limits for slin and curface centamination vary {rom one couniry to nnothcr(S).
U.X. lipits bave bLeen quotcd but eantalyzt users chould consull the
regulations of their country on this peint. ' :

\
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+3,2 Oberation of Reformer Tubes

. . -
i - s - R .
.

.
-

Here, as in the czse of ctorage there ig no possibility of intemal
irrcdiation. The external radiction hazard is also negligidle since the
walls of the rcformer tubes are thicl: enocugh (typically 1.2-1.5 en) to
reduce the deose rate at the surface of the {tubes to a level indistinguishadle
from paclkgeound radicvion. .

3.3 Hondlinz-

Bandling of the catalyst during the lcading and unloading of reformer

‘tubes may give rise to dust which will subzequently de breathed in or

ingested. RE:termal irradiation, particulaxly of the hands .and sicin needs
to be considaercd. . i

3.3.1 Intermal irrzdiation

. “Assuming that only caizlyst metals give rise to dust the figures
given in Table 2 for the ouzntiiies in ng and pg m~3 sheuld be
multiplied by thrce for a catalysi containing 20% totzl metals and 794
uraniwa. This will represent the worst case. '

(a) Inhalation of dust ' - .

The paxirum permissible concentrztien of catelyst in air is
therefore about .51 ng p~3 for continuous occupzticnal exposure.
A vizibly dusty aztmozzhere would contzin a2tout 2 mg n-3. Although
during handling opcraiions this velue may be exceeded for choxt
periods of time,.in visw of the intermittent nature of the operations,
it is unliliely that the mzyimun permissitle daily intalie will be
+ exceeded and certzinly fgox the long-term averesge condiiions doases

© will be vell belov the o2 Limit,

(v) Imges=tion of dust

As already stated ingestion of dust could axise viae- transfiexr of
catelyst on hznds to mouth or to foocdstuifs a2nd it was {rom a consideration
of this that the derived stendexd of 10“5‘;Pi c~?2 yas obteined for siikin
conteminetion. OF couxrse, if no precautions a2t 21l were taken during
handling of the catalyst, contamination levels eof hands could exceed
this level but use of wvery elemvntary precautions such as wearing of
gloves and washipg of hands befors ecting will virtuzlly eliminzie any
possible intale from this sourzce.

y
&)

3.3.2 External irradiation

The princiral concern here is with the possibility of B -irradiation
of the hunds and siiin. Some ¥ -irradiation will also occur but this is
mich snaller. For a catalyct containing 1C55 depleted,proniwn, the
theoretical surface 3 ~dose rate iz about 20 nren n~ U yhile
meazurencnis on a catalyst containing 7% uraniuva gave a value of

.8.7 mrem h=1. Handling of the catalyst will normzlly be infrequent

but cven assuming a R -surface dose rete of 20 mrem h=1, a worker

could spend 1000 hiours each year hendlinm bulk quantities of the catalyst

with hiz bare hands without exceceding .o of the maxinvm permissible annual
R dose. WCarizF PVC gloves (thickncss 1.1 mm) would reduce the dose received

by about L0794 1) and would also prevent contaomination of the hands. The

presence of nicliel in the ecatalysts alco makes protection of ihe skin and

- emmmir = A E—
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ppread into surrounding arsas. Feasuremenis have shown that on vi
&

It ic proballe that during the handling procedure some dust will be
sibly

dusty surfuces the derived limit of 10‘“lu01 cu~2 for inactive areas

may occacicrally be cicecded. Iowever, a2sain it muct be eriphasiced thaet
this lipit is for the continuous sitvaiion and provided clementary cleoning
is undertzken following the handling there will not be any problenm,

li.  PROCEITRES:AWD PRECAUTIONS

s

produ
tubes

The mein hazord associcted with thece catalysis arices from the dust
ced during operations suchi as the loading and unloading of reformar
. Some cimple vrecautions will raduce the riske of inhialation and of

contamination of skin and worlking curfaces to 2 miniruna. The presence or

absen

ce of vicible Qust is a good indication of the standurd of industrial

hygiene.

L.1 -

Personnel Protection

Perzonz engaged in handling the catalyst should be given instrueticns

on safety procedures and informed of the possilble hazards. The following
precautions apply to any potentizlly dusiy operations, in particular the

lozdi

ng and unloading of reforrmor tubas.

(a) Clothing

. Persons handling the catalyst chould wear gloves (stout rubber or
PVC), one-piece overalls, boots and helmats. Sone fora of respirziory
proteciion is desizable a2lthousgh not stricily neczesary: either goggles
end a dusty respirater, or an-air-line heed is suitabdle. Overalls and

e

v

€D
other protective eqripmeat should be rezoved on leaving the worluing area. .
The cleaning of clothing and cquipment is dealt with undexr L.5.

(b) Eating, drinking etc.

Bating, drinking, szoking and the hzndling of consuzablez items
should b prohibited in voriing arsas, as they are in any places vhers
materials of sirilar toxicity are handled.

(¢) Vashing

Vorkexra should wach their heonds before mezl brezks and a2t the cnd
of the day. More cxtensive washing pmay be considered necessary,
depanding g the levels of dust encocuntered. It is essentizl to xemove

all traces dust ficom the ckin. Separate voghing fagilities chonld

.be reservely for worlers during catalyst herdlins operations. . They czn

PO, - R ot

be releacse

for genexel use afler dggontaminction and monitoading.

(a) cCuts, abracions etc. h .
. "\\___—___/ - \\-\

Any cuts, adrasions ox woundz which have been exposed to contaminationy

hould Le treated by a medical przactitioner. Exieting cutc or breusks in ;>>

the sliin should be covered bLefcre starting vork to prevent cntxry of dust

(e) Handling tiwe

The time spent handling “the catalyst should be kept to a minimun
end gloves chiould always be worn.

\ e+ m——————
- - .. . —_—
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S (LY .Li_cclic:.] Supervizion ‘

Specitl wedicel supervizion of workers and the wearing of £ilm
badges or other pezgsonal dosimsters ic normally unnecessary, In the
U.K. workers with the catalyst nced not be formally claszsificd au

“radiation vorkers providing they are employud in accordance with a
gchene of work approved by ILli. Chief Inspeetor of Yactories, )

4.2 Storaec

The catalyst should b2 kept in a ceparate store or in a spccially
desiznated area of the main sicre. The storcge arez should be marked
with the radioczetivity symbol znd ascess to it chould be liwited.  The
catalyst &rums should be sealied viien not in use. Any spillage should be
dezlt vith in a cmiliar nzaner to that described belew for loading and
unlouding reformcr tubes. 4An account should be lept of the isszues and
receipts of catalyst. :

4.3 Precautions duxing Oneration of the Reformer fMudes

axy duxring the operation of the reformer tubes.
zdeouate shielding a2geinst external radiation.

Yo precavtio are necess
s provide

ns
The yvalls of the tube

L.y Loadinz and Unloading of Catalvst frem Roformer

(2) fhe working area shculd be regarded as a2 conirolled or zctive area
~ and access to it should be limited.
(b) The working area should be covered vitn polythene sheets to facilitate
collection cf dust and gpilled catulyst. Tiese can be cleaned with
. " an indusirizl vacuun cleaner and hosed dowm after use.

. (&) fThe catalyct should be lcaded end dizcherzed frem the rcformar tubes
by 2 eethed which piniczisss the creation of duct. For example,
loading can bz dome by the sock or canister method and unlsading by
means of an industrial vacuum cleanor.

(d) Protection of the working area from draughts reduces the inhialotion
risk and prevents the sprezd of catalyst. o
(e) The working arez thould be decontomincicd and ponitored tefore genexal
access is allowed. Tne moximim permicaible centomination level
. depends on the country concerned. If no such level exists the U.X.
“figuxe of 107% nCi cm™@ is recommended.

- (f) The industrial vacuum clcamer uced for unloading refoxmer tubes and
for collceting dust and spilled catalyst sheuld exhzust to frech
air to avoid raising dust and its exhzuster outlet should be
filtered.

(3) Any duct or spillage collected should be removed from the working
area and dispesed of as outlined below.

L.5 Wzstc . . o

The uacie orising from the uzz of nickel uranium catalysts iz technically
radicactive waste and must Le disposmud of according to the legizlation of the
country concexmed. Spent catalyst, dust and cpilled catalyst are all elacced

i

e - IR, —— P
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-, . *ag olid radicactive worte and chould be o o*rd in scaled d*umu pending disposal.
' Protestive clothing ond cquipment should be wvaguuned to remove loose dust and
monitored ‘for contamination. I the levels arc sufficically lew elolliing can
be laundered in the nomacl way, if not it should be cpecially cleamed or disposed
of az colld waste. Dicposable clothing and cquipment must be ireated re radio-

~active vaste, . . . ‘

- .
o ‘e

.

Liguid vastes from cleaning operations arc also tccﬁnlcally radionetive
wvastie but the astivity lewvels will prcbadly be low enoughh for ihem 1o be
dicposed of to drain. This ineludes washings {rom cleaning protective
cquipment e.g. btoots and helrets, .

AL least for a period after xeleoding a fc*mer {uvbe, condensate produced
during the stezn reforsing procscss will conta coma uranium, VU.¥X. neasursizents
have showm that the ccrcentration of uvranium in the condencate is liliely to be

small (of 4lic oxder of 0.01 pg ez~ 3) and since dilution with other non-radicactive
wzste liquors will probazbly occur, there ghould be no restriection on disposing
of ihe condensate to drain.

‘5. COMCLUSIONS

1. Yickel wranium ctezm reforming caialysts can be uced safely providing
some simple indunzirial hygiome procedures are ‘folloz-rcd.

2. The moct important of theec procedurces axe the wearing of gloves vhen
handling the catalyzt @nd {he use of technicues intended to reduce dust
levels yvhen loading and *u.nloa.cl:mu refornex tubes.

3. Yo soﬂczal medical supervision of workers should be nacessary.

L, . Inte -"ationhll accepted recomsgndations on maxisum permissible radiaticn
doses hzve bzen guoted but potential catalyst users are advised io concult
the legiclation of their country on points of detail. .
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nd loadi e Of
PH/NUMN 21 Cariclysts

NUAZ21 is slightly radioactive as a resuit of its uranium
oxide content. A frequently accepted definition of a
radioactive substance is ane that has a specific activity
greater than 0-002 microCuries per gram. Pickford Holland
use only depleted uranium oxide which means that NUA21
is lessradioactive than it would be if uranium oxide from
naturdl uranium ore was used. The specific activities of

and radiationfrom NUA21 are as follows:-

Specific activities

Alpha 0-035 microCuries per gram of catalyst
Beta 0-0476 microCurias per gram of catalyst
Gamma 0:00084 riicroCuries — MeV per gram of catalyst.

Radiation measurements in millirads/hour
Radiation measurements in millirads/hour

N\
Beta plus Gamma Gamma
At catalystsurface 9.7 1.0
0-3 metres fromsurface 05 0-1

The above data show that there is no radiation danger in
handling NUA21 catalyst. Precautions are required to avoid
operators ingesting or inhaling the catalyst or dust arising
from it (e.g. during the sieving operation prior to loading
the catalystin the reformer tubes). Uraniumis of a similar
toxicity to nickel. Therefore the same sort of precautions
with NUAZ21 as with conventionai nicke! catalysts are
required.

it will also be necessary to satisfy local regulations
regarding the use of radioactive materials, Ourtechnical
staff will be pleased to assist customers in meeting the
regulanons

A separale Assessment Report entitied “Precautions to be
taken when storing, handling and using Nickel- Urania
Steam Reforming Catalysts’ prenared for Pickford Holland
by the National Radiological Protection Board in the UK is
available. Catalyst loading and start-up instructions are
also available. R
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PH/NUN 21

1. Manufactured by Pickford, Holland & Co. Ltd.. 3
company with almaost a century of manufacturing
experience inthe field of high technology refractories.

2. Backed by the engineering, chemical engineering and
gasmanufacturing expernise of British Gas Corporation.

3. Manufactured only from carsfully selected raw
materials of the highest quality.

4. Manufactured to British Gas specifications to ensure
consistent physical, mechanical and chemical
properties.

B. NUA21 has 3 high initial activity, the approach to
rqethane equilibrium usually being less than 10°C
(18°F).

6. NUA21 maintains its high activity throughoutits fong
warking life.

7. NUA21 will reform a variety of hydrocarbon feed
stocks from methane toc hexane or, in certain cases,
light naphthas without carbon deposition,

8. Feedstock compaosition may be altered on the run with
no deviation from equilibrium product gas composition.

9. NUAZ21 will reform hydrocarbon feedstocks over a wida
range of steam carbon ratios.

10.1In the event of accidental carbon or sulphur depositicn,
NUA21 may be regenerated with nc disintegration of
- the catalyst, The regenerated NUAZ1 wiil be capabieof
producing equilibrium gas at full design output.

11. NUA21 contains no sulphur.

12. NUA21 cantains no volatile silica or atkalis and
therefore will not produce problems downstreanm from
the reiormer.

13. The customer does not pay a process royalty.
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Py NURZTCaiciyst

- typical properties

Chemicel composition

Ni % 11

U % 7

Ba++ % 1.6

Alpha Al0, % substantially balance
Physical and
mechanical properties ! .
novibration  fullvibration
Density lbs/cu.ft. 84 80
kg/litre 1-34 144

Crushing strength (side) kg 100
Permanentlinear change %
24 hrs at1300°C <01

Abrasion loss "% <25 British Gas Test (done on the support)

Typical Sizes (Raschig ring form)

height, mm (inches) . 15 (§) 15(2)
dia, mm {inches) 15(}) 10(3)
central hole dia, mm (inches) 6(3) 8 (1)

Othersizescan be manufactured to customers’
specifications.
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CTiCvst Work's

Typical properties of NUA21 are shown on page 11,
Anessential feature of NUA21 steam reforming catalystis
the presence of tha nickel uranate compound NiU,0,,.
Onreduction of this compound with hydrogen orin some
instances with féedstock, nickel crystallites and the
uranium oxide U,0, are formed. The nickel crystallites
measured along the 111 plane typically have a size of 220
10270 A this may be compared with 33010 370 A also
measuted along the 111 plane of nickel crystallites
produced fram the reduction of nickel oxide (the
compound present in conventional nickel catalysts before
reduction) under similar conditions. The nickel crysialiites
" produced from nickel uranate thus have a higher suriace
area than those produced from nickel oxide, hencethe
nickel urania catalyst has 8 higher activity than the
conventional nickel catalyst.

The uranium oxide U,0, separates the nickel crystallites
from cach other and thus prevents them from sintering. In
this way the high activity of the catalyst is maintained.
Because the high surface area of tha nickel crystallites is
independent of the surface area of the support material, a
low surface area support of very high strength may be used.
The suppart used in the production of NUA21 is pure alpha
alumina with a surface area controlled between 1.5 and
2.0 sq.metres/gram. The pore volume and pore size
distribution ara also carefully controlled. Therasultis a
finished catalyst with a sida crushing strength of 2to 4
times that of conventianal nickel catalysts. The very high
strength enables tha catalyst to withstand plant upsets that
would cause conventional nickel catalysts to disintegrate.

Uranium oxide, U,0,. being a non-stoichiometric oxide,

favours the dissociation of steam; laboratory studies have -

indicated thatin service the surface of NUA21 is fully

saturated with adsorbed water. Thus carbon deposition,

whether from catalytic and thermal cracking of the

hydrocarbon feedstock or from the Bouduard reaction
2C0=CO, +C,

is much less likely ta ccour with NUA21 than with

conventional nickel catalysts.

.

Uranium oxide U0, therefore performs 4 major functions.
1. lts presence ensures that the nickel crystallites are

2

3.

'y

smaller and therefore are of greater activity.

It prevents the nickel crysiallites from sintering thus

maintaining the high activity of the catalyst.

It permuts the use of a very strong pure support material
which enables the catalyst to withstand severe plant
upsets.

It strongly inhibits carbon deposition thus enabling
feedstocks up to hexane or, in cerlain cases,
higher hydrocarbons to be reformed.

In addition NUA21 contains 1.6% barium in the form of
barium carbonate. This compound also inhibits carbon
deposition, the suggested reactions being:-
BaC0,4+-C=Ba04-2C0O )

B8a0 4-C0O,=8aCO0,

Bariumn carbonate and barium oxida are both solids of iow
vapour pressure and do not therefore migrate downstream
from the reformer. As a resuit NUA21 does notgiveriseto
corrosion problems.
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