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ABSTRACT 

This paper discusses the evaluation of the thermal stablhtles of some reformmg catalysts 
of the platmum- y-alumma type commonly used m reformmg processes and m the catalytic 
conversion of low straight-cham paraffins mto branched-cham isomers Data obtamed from 
this thermoanalytlcal mvestlgatlon, wluch was performed m a differential scanmng calonme- 
ter and thermogravlmetrlcally under atmospheres of mtrogen and oxygen gases, provided 
useful mformatlon on the thermal stablhtles and properties of these catalysts which are 
usually subJected to elevated temperatures during isomenzatlon and conversion processes 

INTRODUCTION 

The conversion of low straight-cham paraffins mto branched-chain lso- 
mers and catalytic reforrnmg of low-octane heavy naphthas, wbch are rich 
m paraffins and naphthenes, to high-octane reformates, which are nch m 
aromatics, are important refmmg processes used to improve the octane 
number of gasoline and m preparmg aromatic Intermediates [l-3]. It 1s 
gaming wide acceptance m the industry especially with the need for lead-free 
gasolines 

These reactions are catalyzed mostly by blfunctlonal catalysts conslstmg 
of noble metals combined with an acldlc oxide [4-61 Platmum-y-alumma 
catalysts represent one of the most important types of mdustrlal catalysts 
and have been widely used [7] 

It 1s well known that platinum reformmg catalysts work m a blfunctlonal 
sense [4] The hydro-dehydrogenatlon reactions take place on the noble 
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metal sites, whle the acid sites on the alumma support provide the acldlc 
function required for lsomenzatlon, cychcatlon and crackmg reactlons The 
acidity of the catalyst 1s usually promoted by the mcorporatlon of chlorme 
as chlonde whch acts as suitable acldlc components of the catalyst [5,8,9] 

Thermoanalytlcal techniques have been used recently [lO,ll] m studying 
the behavior of reformmg catalysts under a hydrogen atmosphere and m 
determmmg lmpuntles deposited on them 

Since reformmg and isomenzation catalysts are usually subjected to 
elevated temperature (250-550 ’ C) for prolonged periods during the conver- 
sion processes, whch could lead to the loss of some of the important 
chlorine acidic sites and eventually to lowering the percentage conversion 
and depletion m selectlvlty and activity, it 1s of sclentlflc and economc 
importance to evaluate the thermal stablhtles and to gam knowledge of the 
thermal properties of these catalysts, employmg mainly dlfferentlal scanmng 
calonmetnc and thermogravlmetnc techniques 

EXPERIMENTAL 

Apparatus 

Differential scanning calonmetry 
differential thermogravlmetry (DTG) 
Heraeus TA 500 thermal analyzer 

(DSC), thermogravlmetry (TG) and 
measurements were carned out on a 

In the DSC measurements, samples welghmg lo-20 mg were heated at a 
rate of 10°C mm-’ m an alummum crucible under the chosen atmosphere 
The reference cell was filled with pure and dried powdered alummum oxide 

TG and DTG curves were recorded simultaneously by placing a sample 
welghmg 20-30 mg m a platinum crucible and heatmg at a rate of 10” C 
nun-’ under a flowmg atmosphere of ultra high pure (grade 6) mtrogen or 
oxygen gas In all thermal measurements the gas flow rate was 6 1 h-’ 

Materrals 

Four types of fresh reformmg catalysts were obtamed from the SoclCtC 
Franqalse de Products pour Catalyse Some propertles of these catalysts are 

TABLE 1 

Some properties of reformmg catalysts 

Type Composition 

RG 402 0 6% Pt/Al *O, 
RG 412 0 35% Pt/Al,O, 
RG 422 0 6% (Pt + Ir)/Al 203 
RG 432 0 35% (Pt + Ir)/Al*O, 

Chlonne content (wt W) 

111 
114 
103 
1 27 
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shown m Table 1 The chlorme content of these catalysts was determmed 
according to Mohr’s method [12] by slurrymg the catalyst m distilled water, 
flltermg and titrating mth 0 1 N AgNO, solution 

RESULTS AND DISCUSSION 

A typical DSC curve recorded between room temperature and 550” C 
under mtrogen gas for the reformmg catalysts IS shown m Fig 1. The 
presence of a broad endotherrmc peak due to volatlhzatlon of adsorbed 
moisture was observed between about 75 and 200” C Thus transition was 
followed by a weak endothernuc offset from the baseline commencmg at 
about 400 o C, which could be attributed to the loss of chlorme 

The DSC traces of the same catalysts recorded m oxygen m the same 
temperature range were of a sm-nlar pattern to those recorded under the 
inert atmosphere 

Representative TG and DTG traces performed between room tempera- 
ture and 750” C under nitrogen and oxygen gases for different catalyst 
samples are shown m Fig 2 

The weight loss under both atmospheres indicated the presence of two 
transitions, the first (T, = 85 o C, T,, = 160 o C and Tf = 220 o C) 1s related 
to the loss of adsorbed moisture and the second with a T, commencmg at 
about 415” C 1s related to the slow and steady removal of the chlorme 
content incorporated m the reformmg catalysts as chloride The mltlal 
temperatures of these weight-loss transitions were close to the lmtlal temper- 
atures of transitions recorded m their correspondmg DSC traces 

The data extracted from the TG curves m nitrogen and oxygen atmo- 
spheres are shown m Table 2, mdlcatmg the percentage weight loss at 
100 o C intervals The thermal data presented confirmed the fact that there IS 
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Fig 1 Representative DSC curve of the reformmg catalysts studied 
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Fig 2 Representative TG and DTG curves of the reformmg catalysts studled 
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Fig 3 Influence of chlonne content of a reformmg catalyst on n-hexane conversion 

TABLE 2 

Thermogravlmetnc data aSb on reformmg catalysts studied 

Temperature Percentage weight loss in nitrogen Percentage weight loss in oxygen 
range ( o C) 402 412 422 432 402 412 422 432 

25-225 c 38 43 42 53 39 44 42 54 
225-325 0 0 0 0 0 0 0 0 
325-425 0 05 0 05 0 05 005 0 06 0 06 0 05 0 06 
425-525 0 26 0 26 0 27 0 29 0 28 0 28 0 30 0 31 
525-625 0 29 0 30 0 29 0 32 0 31 0 31 0 31 0 34 
625-725 0 34 0 34 0 31 0 36 0 35 0 36 0 33 0 31 

* From TG curves 
h Average of two determmdtions 
’ Loss of adsorbed moisture 
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Fig 4 Influence of chlorme content of a reformmg catalyst on n-hexane lsomematlon 

a steady decrease m the chlorine content of the catalysts studied with 
mcrease in temperature over 400 o C 

Meanwhle, the effect of the chlorine content of a reforrmng catalyst on 
the mode of lsomerlzatlon of, for example, n-hexane 1s dlsplayed m Figs 3, 
4 and 5, mdlcatmg the relatlonshlp between chlorine content and percentage 
conversion, lsomenzatlon and cychzatlon, respectively It 1s clear from these 
figures that the actlvlty and selectlvlty of the reformmg catalyst used for 
lsomenzatlon 1s closely dependent on Its percentage chlorme content 

The results acheved when using thermoanalytlcal techmques m studymg 
the thermal propertles of reformmg catalysts, mdlcated that the useful 
life-time of these catalysts and their actlvlty and selectlvlty, could be 
prolonged and preserved when the reformmg and conversion processes are 
carried out at the lower end of the recommended temperature range em- 
ployed m such catalytic processes 
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Fig 5 Influence of chlorme content of a reformmg catalyst on n-hexane cycllzatlon 
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