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FLAMMABI LI TY ASPECTS OF THE MANUFACTURE OF PHTHALI C ANHYDRI DE

G F.P.Harris, P.E MacDernott*

The flammability limts of phthalic anhydride and naphtha-
lene in air and oxygen depl eted at nospheres have been
determ ned at tenperatures of 250-700 C. Sone neasurenents
have al so been made on the suppressant effects of catalyst
dust on the flammubility of phthalic anhydri de/ oxygen/
nitrogen mxtures. The application of the experinental
results to the manufacture of phthalic anhydride by the

oxi dati on of naphthal ene and o-xylene in fixed and fluid
catal yst beds is considered.

| NTRODUCTI ON

Phthalic anhydride is manufactured by the air oxidation of naphthalene in a
fluidised bed of catalyst. It can also be produced by the oxidation of either
napht hal ene or o-xylene in a fixed catal yst bed.

The fluid bed process consists of a dense bed of a finely powdered
support, wusually silica, which has been inpregnated with vanadi um pentoxi de
and a suitable noderator. Above the fluidised catalyst bed there is normally
a |l arge disengagi ng space surmbunted by filters designed to prevent the escape
of fine catalyst particles fromthe converter to the condensing sections of
the plant.

In the fixed bed process the catalyst is usually pelleted vanadi um pent -
oxi de packed into a nunber of narrow vertical tubes nounted in a converter
with a heat transfer medium circulating between them

In both processes air/naphthal ene or o-xylene nmixtures are fed into the
catal yst bed, which has been preheated to 300-t00°C, and the |arge heat
evolution from the oxidation reaction serves to maintain the plant gases in
this tenperature range. After passing through the catalyst bed the phthalic
anhydri de produced is condensed to a liquid or a solid.

The plant vessels could, therefore, contain flammable ni xtures of
napht hal ene, o-xylene or phthalic anhydride vapours with air at high
tenperatures. The presence of sources of ignition such as hot surfaces (above
the autoignition tenperatures of the organic materials) is |likely and pyro-
phoric deposits also cannot be excluded from the plant.

' Research Departnent, |.C |. Organics Division, Blackley, Mnchester.
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The nost hazardous plant sections are the feed sections, which will con-
tain air/naphthal ene mixtures and the sections after the catalyst bed, where
m xtures of phthalic anhydride vapour and oxygen containing gases will be
present. Once the air/naphthal ene mi xture has entered the dense catal yst bed
(fixed or fluid) no flame propagati on can occur due to the suppressant effects
of the catalyst itself.

Safe operation of a phthalic anhydride plant requires, therefore,
accurate data on the flammbility limts of the product and also of the start-
ing materials, naphthal ene and o-xyl ene.

Sonme literature data Schwab and Doyle (1), U. S. Bureau of Mnes (2) and
(3) exists on the flammubility limts of naphthal ene and phthalic anhydride in
air at noderate tenperatures and there is also a little data on the flamm
ability of o-xylene (3)- Since a phthalic anhydride plant operates at
tenmperatures in the 300-400°C range and mi xtures of oxidation products and
gases containing |ess oxygen than normal air are produced, nuch nore com
prehensive flammbility data obtained at tenperatures up to ~00°C is required.
Thi s paper deals with the experinental determ nation of these limts and
di scusses their application to phthalic anhydride nanufacture.

Anot her feature of the fluid bed manufacture of phthalic, the flane

suppressant properties of catalyst particles in the plant disengaging space,
is also discussed and data on the nmagnitude of this effect presented.

EXPERI MENTAL

1. Flammbility Limts of Phthalic Anhydride

The neasurenments were carried out in the apparatus shown in Fig.(1).

This consisted of an ignition chanber, a vertical glass tube 5-1 cns
(2 ins) in diameter and 1.22 m (k ft) long, which was heated electrically to
tenperatures up to 400°C. The gas mixtures were prepared by passing oxygen/
nitrogen m xtures of known conposition in a spiral path through nolten
phthalic anhydride contained in a saturator. The tenperature of the saturator
was controlled to produce phthalic anhydride/oxygen/nitrogen mxtures with the
desired conposition and the actual conposition checked by burning a portion of
the mxture in a furnace packed with conbustion catal yst and anal ysing the
gases produced. At the high tenperatures (300-'f00°C) of the experinents slow
oxi dation of phthalic anhydride or naphthal ene occurs on the walls of the
gl ass conbustion chanber under static conditions. The gas m xtures to be
tested were, therefore, passed through the tube until steady conditions were
attained, the gas flow stopped and an inmediate attenpt nmade to ignite the
m xture at the base of the tube. Ignition was judged to have occurred if a
flame propagated away from the el ectrodes.

By varying (a) the tenperature of the ignition chamber, (b) the com
position of the oxygen/nitrogen supporting atnosphere, (c) the partial
pressure of the phthalic anhydride (or naphthal ene) vapour in the supporting
at nosphere, the flamubility limt data shown in Figs. (2) and (3) were
produced.

2. Effects of Catalyst Dust on Flanmmability Limts

These neasurenments were carried out using catalyst with a particle size
bel ow 76 m crons, which had been recovered from the disengagi ng space of a
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full scale fluid bed plant. The powder was dispersed by a vibratory feed
hopper into a fast flowi ng phthalic anhydride/ oxygen/nitrogen mxture and the
gas mixture containing the entrained catalyst was fed into the top of the
ignition chanber. The gas flow was stopped nonentarily and the mixture ignited
at the bottom of the tube. The actual catalyst concentration for each
experinent was cal culated from the known volume of the tube and the weight of
catal yst collected at its base.

The results of these experinments are shown in Figs, (kK and (5).
Experiments of this nature are obviously difficult and time consum ng and
measurenments were nmade at only one tenperature, kOO°G and for a supporting
at nosphere contai ning ~\h°/o by vol . oxygen (86%nitrogen) to give an assessnent
of the flane quenching properties of catalyst dust.

Previ ous workers in this field, Dolan and Denpster (4), found that the
quenching efficiency of a powder was proportional to its surface area, but
they worked with powders where the true surface area and geonetric surface
area, deternmined fromparticle size, were close to one another. In the present
work the catalyst surface area (by argon adsorption) was |arge (approxinately
100 nrygm) conpared to the geonetric surface area. Figs, (k) and (5) show that
catal yst dust is an effective flane suppressant and that the geonetric surface
area is the critical factor in flame suppression.

APPLI CATI ON OF EXPERI MENTAL DATA TO PLANT OPERATI ON

A Fluid Bed Plants

In the case of the fluid bed reactor the naphthalene feed is led into the
catalyst bed as a liquid together with some "primary air", while nost of the
air used in the oxidation is fed in bel ow the naphthal ene injection points as
so called carrier air, which is used to fluidise the catalyst.

A.1. Application of Flanmability Linit Data. The prinmary air under normal
running conditions gives a mxture w th naphthal ene, which is above the upper
flammability limt (Fig. (2)). Blockage of the naphthal ene feed with no
corresponding change in the air flow would, however, create flanmable con-
ditions. The primary air for this feed system should, therefore, be diluted
with nitrogen to give an oxygen concentration below the limting oxygen con-
tent to support conbustion. Examination of Fig. (2) shows that this is &% by
vol umre of oxygen at 350°C.

Once inside the dense bed the thernal capacity of the catalyst is
sufficient to prevent any spread of flame in the reaction mxture during the
oxidation process. It is only when the products of reaction and supporting
atmosphere | eave the dense bed and enter the catal yst di sengagi ng space that
the flammbility aspects of the gas phase nust again be considered.

The reactant gas streamis depleted in oxygen by the oxidation processes.
The extent of the depletion is dependent on the initial naphthal ene concen-
tration in the gaseous m xture and on the extent of the two nmin oxidation
processes, which occur, viz:

1. Conversion of naphthal ene to phthalic anhydride.

2. Conpl ete oxidation to carbon di oxi de and water.

Wth this in mnd, "operating lines" for various conversions of naphtha-
lene to phthalic anhydride were superinposed on the flamability curves in
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Fig. (3). |In each case it was assurmed that naphthal ene not oxidised to
phthalic was converted to carbon dioxide and water. These curves show the
supporting atnosphere to phthalic anhydride weight ratio plotted against the
oxygen content of the supporting atnosphere for a range of conversions of
napht hal ene to phthalic, and they represent the only possible gas mxture
conposi tions after naphthal ene oxidation, with the assunptions nmade.

Pl ant operating data indicate that the operating |line representing 90%
conversion to phthalic anhydride is npbst applicable to conditions existing
during normal production. Examination of Fig. (3) shows that the 9°$ con-
version line enters the 400°C flammabl e zone at a supporting atnosphere to
phthalic anhydride weight ratio of 22.6:1 (0.86 mol % phthalic anhydride).

This mixture would be produced from an air/naphthal ene feed mixture with a
23.5:1 weight ratio (0.97 mol % napht hal ene), which is, therefore, the linmiting
safe feed conposition at 400°C without alteration of the operating procedure.
Further consideration of the 90# conversion line in Fig. (3) shows that it
energes from the 400°C flammability zone at a weight ratio of 9.0:1 (2.1 nol %)
supporting atnosphere to phthalic anhydride, which corresponds to a pre-
reaction air to naphthal ene weight ratio of 9-3:1 (2.42 nol %). Once this feed
rate or greater is attained non-flammable conditions exist. Mdification of
the process is, therefore, necessary to nake the transition fromthe safe side
of the lower flammability limt to the safe side of the upper limt. This
transition is best acconplished by the addition of nitrogen to the main
fluidisation or carrier air. ' In addition the air used to bl owback the filters
at the top of the reactor (to prevent their blockage with catalyst fines) nust
also be diluted with nitrogen, since this blowback air enters.the reactor and
has a significant effect on the conposition of the disengaging space gases.

The operation is shown diagramatically in Fig. (6). Feed gas of
conposition a, (nodified to aa by bl owback gases) is altered in conposition to
b (bb with bl owback gases) by substitution of nitrogen for part of the main air
stream At this stage the naphthal ene content of the feed is increased so that
the new conposition is represented by ¢ (cc with bl owback) and further increase
in naphthal ene content gives a conposition of d (dd with bl owback). At this
stage the nitrogen flow is reduced at the same tinme as the naphthal ene feed is
increased, until finally e (ee) is reached and the nitrogen in the nmain air
streamis zero.

The whol e operation is controlled automatically and the reverse
procedure is followed in the event of a shut down. During nornal operation
the oxygen content of the gases leaving the converter is nonitored con-
tinuously and checked at frequent intervals by independent gas analysis to
ensure that it is below the critical level for supporting conbustion. Any
deviation from normal running procedure automatically cuts off the naphthal ene
feed and introduces nitrogen into the main flow Simlarly the transition
sequence cannot be initiated if the nitrogen supplies are inadequate, and if
they fail during the transition the naphthalene feed is cut off.

One factor not considered above is the effect of pressure. Most fluid
bed plants operate under a pressure of about 2 bar.g. Literature data,
U.S. Bureau of Mnes (3), shows, however, that the effect of pressure,
especially pressures of this low order, on flamability limts is negligible.

A. 2. Flane Suppressant Effect of Catalyst Dust. The disengagi ng space
between the top of the dense catalyst bed and the filters at the top of the
converter is usually of wi der dianeter and, because of its large volune snd
hi gh tenmperature, constitutes the npst dangerous section of the plant.
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The nmeasurenents on the suppressant effects of catalyst dust Fig. (k)
show that a catal yst density of 0.055-0.07 Ib/ft3 (0.88-1.12 gm'|l) in the
di sengagi ng space provides safety down to a 12:1 supporting atnosphere to
phthal i c anhydride weight ratio (equivalent to 1.6 nmol % phthalic anhydride),
where the supporting atnpsphere contains ~\h% oxygen. The equivalent value in
terms of surface area is 3.2-~.1 nf/ft” (0.113-0.175 m?/1). The geonetric
area of the catalyst used in these experinments was 0.13 sq. netres/gm

Optimsation of plant operating conditions in ternms of yield and purity
of product usually produces conditions such that the catal yst density and
surface area/volume ratio in the disengaging space are far greater than the
figures quoted above for a 12:1 weight ratio of supporting atnosphere to
pht hal i ¢ anhydri de.

Safe operating conditions can be achieved in the disengaging space by
control of the naphthal ene feed m xture, conposition of the carrier gas, etc.,
as described above. However, the presence of fine particles of catalyst dust
does provide an extra neasure of safety in this hazardous section of the
pl ant.

The dust cannot protect the parts of the plant beyond the catalyst
filters, but here the tenperature is |ower and the vessel volunes are smaller
and safety can readily be achieved by control of the oxygen content of the
supporting atnosphere.

B. Fixed Bed Plants

Fi xed bed phthalic anhydride plants operate either on a feed of naphtha-
lene as for fluid bed plants or use o-xylene as the feed material. Again, as
in fluid bed manufacture, the concentration of phthalic anhydride in the gases
| eaving the converter should be kept below the lower flammability limt.

Fi xed bed oxidation of air/naphthal ene m xtures usually gives a con-
version to phthalic of not greater than 8C$. Reference to the 80% conversion
line in Fig. (3) shows that the product gases are flammble for a supporting
at nosphere to phthalic anhydride weight ratio of less than 22.5:1 (0.86 mol %
phthalic). This is equivalent to an air/naphthal ene feed ratio of 20.5=1
(1.1 nol % napht hal ene). Oxidation of o-xylene to phthalic anhydride gives
a maxi mum conversion to the product of about 60% Examination of Fig. (7)
shows that the 6C$ conversion line enters the 400°C flammbility linits at
21.5:1 weight ratio of supporting atnosphere to phthalic anhydride (0.90 nol
°/o). This produce mixture is produced by an initial air/o-xylene feed of
17-9:1 (1.50 mol %).

A few neasurenents were nade of the flammbility limts of o-xylene in
air, and Table (1) shows the results of these neasurenents together with
corresponding figures for naphthalene and sonme limt data obtained by extra-
pol ating the experinmental neasurenents to |ower tenperatures.
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TABLE 1 - Flammability Linmts of Naphthal ene and o- Xyl ene

Tenperature Flammability Limt (Wight Ratio of Air to:)
(°Q
Napht hal ene o- Xyl ene
Lower Limt Upper Limt Lower Limt Upper Limt

MDO 37.0:1

350 35-7:1 2.2:1

300 33.0:1

250 30.5:1 2.5:1

200 28.5:1* 30.0:1 5.5:1
150 26.7: 1% 28.5:1 3.75:1

* = Extrapol ated Result.

Examination of this table shows that even if it is practicable to nake the

exit gases from the catalyst beds non-flamable by operating with weight ratios
of greater than 20.5=1 for naphthal ene and 17-5 for an o-xylene feed, the feed
mxture will still be flanmable. |In any case production reasons usually
dictate that feed m xtures appreciably richer in naphthal ene or o-xylene than
the above nust be used.

As in fluid bed plant operation using a carrier gas containing |ess
oxygen than normal air could overcone this flammability problem However,
fixed bed converters are smaller and nore nechanically robust that the |arge
reactor required for efficient fluid bed operation. This nmeans that explosion
venting can be enployed to protect the converter against the effects of an
expl osion due to operating inside the flanmability limts.

Expl osi on pressure neasurenents on mixtures of air with phthalic an-
hydride, naphthal ene and o-xylene vapours in small closed vessels showed that
the maxi mum possi bl e explosion pressure for any mxture, initially under
at nospheric pressure, is about 8 bar.g. (120 psig). Reduction in the oxygen
content of the supporting atnobsphere reduced both the maxi mum expl osion
pressure and rates of pressure rise appreciably. Increase in the initial
tenperature of the flammable m xture al so reduced the maxi mum expl osi on
pressure.

Preci se design of explosion vents for a fixed bed converter from
expl osi on pressure neasurenents carried out in a small vessel is not possible,
however, due to the effect of turbulence. The rate of pressure rise in an
expl osion increases rapidly with increase in the degree of turbul ence of the
m xture and no correlation is possible between degree of turbul ence produced
in a smll test vessel and that present in the full scale plant.

Protection can be provided for a fixed bed plant, however, by naking
the converter as strong as possible and fitting explosion vents with areas as
close as possible to the cross-sectional area of the converter itself. The
section of the converter before the catalyst bed contains mxtures of naphtha-

72



I. CHEM. E. SYMPOSI UMSERI ESNO. 58

lene or o-xylene with air while the regions of the plant downstream fromthe
catal yst bed contain gases with | ess oxygen than normal air. Larger vents
should, therefore, be fitted to the converter inlet than to its outlet.

CONCLUSI ONS

The available flammbility limt data can be used to define safe operating
conditions for fluidised bed phthalic anhydride plants.

Saf e operation of fixed bed units under conditions of maxi num phthalic
anhydride production is less certain. The provision of large explosion vents,
the use of a nmechanically strong converter and elimnation of obvious sources
of ignition will give a reasonable neasure of safe operation.
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