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SAFETY IN ROTARY DRYER OFERATION TA/76/2

G. PERBAL - Upnie van Kunstmestfabrieken by - IJmuiden
INTRODOCTION

In the last deeade fertilizers have shown a steady inerease
in the content Df'immonium nitrate. As . a conseguence a higher
cammonium kritrate content means also cloeer to hazardous products,
1t the same period competition has led to higner quality '
standards e.g. the products must be non-duﬂting and non= cakJng
in bulk transpart. To cobtain & produet of higher qudllty
generally the water content is an 1mportant Frgetor. In the
production process two p01nt5 control thiz water content namely

the ammonium nitrate concentrator and the rotary dryer or the

ephercdizer. Gencrally the ammonium nitrate concentration plant‘h

ig rightly conzidered as harsrdous when not opersted properly.
Changlng of the protess conditions, temperaturc and presaure,
will only be done after full consideration and additional
csafety reguirements. On the contrary the attitude with respect'
to safety ol the rbtary dryer or the apherodizer 13 not of ths
same level, especially if the end product is non-hazardous.
This type of equipment is cperated with fluc gas temperatures
ranging from 100 - 400oC, ‘ _

A& high temperzture of the inlet flue gaszes w1ll not HFCESanlly
result in an aceident, but in case of malfunctioning of the
gquipment this quantity of energy may start off & spontanecus
hesting of the entire mass In the dryer. Many psople are hotl
aware that most of the dryers sre being operated in the ‘
temperaturs range of the indugtion pEPlOd of the spontanecus
‘heating of the fertillzer. "Spontanecus h2¢t1ng may evern occur
with products with rather low ammonium nitrate contents.

-The hazard of such an accident is the development of tons of
decompasiticon fumes withln seconds. People working in the aame
building may not get time to escape and will be poisencd by the.

nitrous fumnes.

- i
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Fie. 1 dpkherodizer aceldent (03W)
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In the past two szerious accldents of “Ehis ypes have been
taken place, namely at Oesterreichiseche Stickstoffwerke Ling
Austria (1966) and Generale des Engrais SA usine de Nantes
Chantenay France'(1974), wheére a @umber of people have been
killed.

A pleture of the spheredizer (OSW) after the accldent is
given above. The situation shows gquite eclearly the powor by
which the tons of gases have forced a way cut. It can be
gaslily amagined that unwary-ﬁeople don'ﬁ‘get time to fles.

The amount of decomposition gaees developed can be calqulated
from the hold up of 15 tons of product about US% of the welight
of the preduct (6,8 tons) is being convertsd to fumes by the
decomposition, ' ‘

The main part of thie paper will. be devoted to the analysis
of the temperature conditions in relation to spontanecus
heating and the measures to be taken to prevent such acceldents

in rotary dryer or apherodiser operation.

In the past alsc small decompositione cecured. in rotary -
dryers. This is generally cauzed by the hot flue gases biowing
againet the fertilizer caked to the vanes or in case of oil
firing sparks may cceur and start also loﬁal decompozitions,

- Howevar both cases can be prevented by a proper design of the -
gquipment &nd is as a conseguechce outside the Boope of this -

‘”paper.
THEORY OF SPONTANEOUS HEATING

In an earlier paper (1) spontansous heating of fertilizers
containing ammonium nitrate has been treated in detail.
Spontaneous heating takes place when the heat developsd by Lhe
decomposing product exceeds the heat lces by conduetivity
through the mass of product. It iz obviows that the size and
the geometry of the mass determine whether or not a product ‘
will be capable of showing spontaneous heatlng at & cerialn

temperature.
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The quantitative conditipns under which spontaneous heating
may develop have been calculated by Frank-Kemeneteky (2}.
hocording to their formulation spontanecus heating is

described in & criticsal radius by the following esquation:

]

£l
==
(s}

R, = eritical radius

8 = dimeneionless conatant .

‘ tor a epherical masas 3.32
ellindrical mass 2.00
cubical mass 2
slab 0.88

= goefficient of thermal conductivity

=  gad constant

= rnumber of mols/ems

heat of reaction

= rate of reacticn

= agtivation energy of reaction

Ta = initial unifeorm temperature {Kelvin)

BT - B
n

Theoretical treatment of the spontanecus heating with thils
equatich falled (1),'b9cause the system was too complex. For
example the thermal conductivity showed much variation due to
water transport and melting. However the problem wes solved by
menzuring of the critical radius of cube eized masses directly
by a method developed by TNO (1), o :
As known the Frank-Kamenetsky-formaula (3) can he Qimplified to:

. C
in R, = -0; + ’I’ﬁ

where Cq and Cp are constants, : ‘
It will be clear that if measurements follow the theory a
linear function will be obtained when 1n Re is plotted against
/7. ' ‘ ' '
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The results of the measurements (1) of Re of a number of NPK-

fertilizers are plotted accordingly in the diagram below.

(E ot )
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Since the way of measuring of these critical diameters was
done by trial and error a lot of results concerning the
induction time were obtained. When plotting 1ln tsi,q against
the reciprocal of the ambient temperature (°K) a straight line
is obtained. It is obvious that the follewing relation holds

for a certain mass
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In t4pg = X4 + %E where Ta = ambient temperature

combining this equation with

In R, = Cp + % and T, = Ty + (Ty
T, = T, + 4T,

f e L . _ Kp (ln Rp = C--‘i)
gives In ting = Ky t+ 3% (In Ke = 057 + C

fince R, is 2 constant in this equation, it may
to '

‘ _ K5 K
\nting = K1 ¢+ EIEOR
From the definition of the eritical dismeter it

for AT =+ 0 tind + infinite

- Te)

he simplified .

follows

This doesn't follow from the last equation given.

This means that the squation doesn?t apply at temperatures very

elose to the eritical temperature.

The chemical analysis of the products of diagram 2 are summa-

rized in the table on next page.



Table chemical aralysis of the compound fertilizers wndsr Snivestipstion

[ Water |Citrate| Acid iyl Horizontal decompositior
Total | HHz |soluble |zoluble |sclukle - Cal Hzo [ 1 gr./ |. veloeity
Product H 4? P205 P205 Pole | K0 C1- (totallittotal}|(#F) |100 gr. |(trought-test 1%ci5x50 oms. )
x £ i x g 4 i . % S Coms. he.
1
pe-12-20 ¢ 11.9 B.5 4.0 11.7 11.7 (20,71 1.3 22.9 | 7.8 (0.87 5.90 < R
n2-10-16 [ 151 &0 7.3 | 1006 b 11,0 (1B.001006| 12,5 | 7.0 (055 B.00 | 11,3
f2=12-15 2129 1.l 9.7 10,8 11.2 |15.81 3.4 15,3 B.5 |0.79| . BLEC ]
L7-11-22 17.5(1C.6 10.5 11.4 1.6 |22.1|17.T Q.7 < 0.1 |03 T.09 10
Ne~G-21 15.2| 9.0 5.9 T2 T.0 |25.2(14.1 6.9 2.0 |obg ToTe 10
Po-0-20 13.6(21.0 - - - 20k |16,0 9.2 - f1.9 18.2
nz-10-18 2.4 7.7 9.0 G.3 10.2 |18.2|13.2 14.4 T ) 4. g5 15
7—11-22 16.7(10.2: 10,5 | - 105 11.2 | 22.0]17.3 - - |Z.18t T.1 0.5
H2-13-6 12,8 7.21 10,1 ; 13.0 | 13.3 | 6.5 .11 17.5 | 13.9 0.6 | 5097 { 21.5 {trough-test :
1031050 ems, ) i
He-8-8(1) 12,60 T.6 B.0 g.9 9,1 | 9.6[11.1 12.1 6.9 [1.1 5.B6h pLER!
12=10=-15 12.14 7.1 a,2 q.8 10.2 [18.1)14.5 .y 7.5 (0.49 .0 20.6
HE-11-14 15,47 7.9 5.2 15,7 10.7 [15.3|11.8 5.3 £.9 1.2 S.6 ie [trough-test
P AxhAl ams. )
no-12-17-2i23| 12.1| 6.5] 5.0 | 1.2 | 12.2 |at.9| 8.0 9.4l &b (0L31] S.TT | DL (trough-test
i ! i 10ICwR0 ams. )
F
(1) M0 = L.5E f2) Mgl = 1.7F
Cu = 0,35% B = (.15%
Co = §.04% Mn = C.1%
Cu o= 0.04%
Eux = 0,028
Co = D.00O5E

8T
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RISE ANALY¥SIS OF A ROTARY DRYER
By the zid of the evidence given in ths former chapter an
attempt will be made to analyse the riske involved in fotaryﬂ

dryer operation,
The foliowing situations are being analyéed:

A - A failure of the eleetrical supply which causes a stand-
gtill of the drum. The inlet fluc gascs are automatically
switehed to the open air. ‘

In such a situaticn a rotary dryer of a diameter of I m

. may contsin 8 layer Df product of about &5 ocm. To use the
eritical diameter-diagram 1L may be sesumed thet the layer
is comparabic to a cubo with zidez of 60 om.
Line 1 in the diagram may be regarded as the-bordarline
between type B fertlllger and "non-hazsrdous" product,
where g3 tine 17 may be regarded as oneg of Lhe most
nagardous Lype B products (high decomposition velocity).
Extrapalation o' these two lines may be dorie by usihg the

equation ln Ry = Kq + %%

.= the eguation for lins 1:

' S o 3706 ,676
log R = - 6,608 + = =R
£ fig ‘_T;
for R, = 600 mm T; = 395°K = 1229C

- the eguation tor line 12:

10g By = - 8,100 + —L—“-f"T 967
a.
For R, = 600 mm T, = 378K = 10&00C

From thege figures it may be coneluded that it is wise to
maintain ths product tempefature not higher than aboust
105°C¢. Otherwise there iz a visk mflspmntaneuus heating

under the assumed conditions.
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B - This case iz nearly identiczl to cage A,

In additien to caze A it 1p now assifiéd that the inlet

flue gases will still be fed to the rotary dryer during

this standstill, This case will be analysed for flue gas

inlet temperatures 1609C and 2009C.

If the product in the dryser is heated to a hemogenaeous

temperature distributlon i.e. teo the temperaturs of the

flue gases, the follcowing minimum criticzl dlameters are

found; partly by extrapolation. .

Decotiposition
velocity
through test
(15x15%50 am) |

16050 FO0R0

Bopderline non-hazerdour/type B 9 em | 1,Tem | ¢« 5 omflr
(NPE 12-12=20) '

Mederate burning type B 4,7 cm ¢ 0,6 cm 10.% cm/Tr
(NPK 17-11-22)

o~ 7

Viclent burning typc B 2.4 em | 0,4 cm 32 vc:m;“hr'("'C
(NEE 16-11-14) :

(x) through test dimensions & x 5 % 50 em.

These figures show that the products concerned are now
well in the ares where spontaneous heating iz possible.
Al=n is shown that the criticsl diameter of 16-11-14 et
200°C approaches the size of a granule. It has to be
explained that this 16-11-14 bhas a high scensitivity to
decompeeition. It is possible to start off a decompositlon
in this product by the sid of a burning cigarette!

In the introduction was menticned the local decempositions
e.g. of caked product on the vanes. This phenomenon ie

easily explalned by the figures in the tebla.
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- However an important factor in this respect is the
industion period; i.e, the iime necessary to start off
a run away‘reaction'(self—ignitinn).
Since the Tigures in the table are critical dlameters the
induction time becomes infinite.

The lines in diagram 2, giving the c¢ritical conditions,
were obtained by trial and error. The underlying data of
these lines peemit Lo give an impression of the induction
periods invelved.

The induction period data ol cubis shaped masses with sides
respectively of 2 em, 4 oem and & cm were, if necessary,
extrapolated to inlet fluc gaz temperatures of 1609C and
2009¢. Extrapolatlon was being dons by the aid of the
equations given in chapter 2.

Az a result the following Cipures were cobtained:

Fdge of the cube

Froduct 2 om 4 em 8 am

1609¢ 20000 1605C 2009C 16070 200%C
18=12-20 | N.D.  N.D. N.D. + 75 min, | N.D, '+ 180 min.
17-11-22 ¢ N.D.  + 60 min, | N.D, + ‘6 min. |+ 47.5 Irs [ + 75 min.
16-11-14 | N.D. + 9 min. |+ 6 hrs| + 15 min, [+ 10 brs |+ 18 min.

where:
" N.D, = No decomposition; the mass is sub-eritieal.

The extrapclations of Lhe imductibn times for cube sizes

b e¢m and & cm to a temperature of 200°9C don't seem to be
very realissic. The extrapclation to 2009C is too Far from
the critieal condliicns where the equation applies. It iz
eagily understcood that at zuch high temnperatures ae 200°C,
the surface layers reach already supsreritical conditions
before the whole mass is at 200°C. As a coneeguence burning
of the outer layers will occur.
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1t may be concluded that the actusl induction times for
the cazes of 20090 wili-dope resembis ‘the data of the 2 em
cube.

No attempts have beoen made o make & full mathematical .
analysils of non-steady stale apontaneous heating. Thie is
far more complicated Lhan the steady state model of Frank-
Kamenestaky (#) alpsady menticoned in chapter 2.

4ince the sltuations,'as postulated in the rotary dryer;
iz & non-steady state heating, the Induction times may be
talken 2 - 3 times the figures given in the table.

According Lo the postulated cenditions of the dryer,
with a fluc gas inlet temperature of 20090 and filled with
product of type 16-11-14, the situation will lead in =
rather short pariod to surface burning (decomposition).
The propagation of this decomposilion will be high, many
times faster than the through test value, becausc of the
produet temperatures =.g. 110¢C. '
It ir emphazized thal the dccomposition gases will not
develop soe fasl ss in the case of & spontanecus heating of
t.he entire mnass.
llowever it may still be & serious accident.

Producte l1ike type 17-11-22 sppear to be safer.

However [or a safe operation, inlet Flue Eas tempera-
tures should not be higher than aboub 160°9C,

Another risk arises if the temperature control of the flue
gases will not work due to a defect uand tLhe hot flﬁﬂ-gaées
{t » 2000C) are not switched to open ale, This may especi-
d1ly be dangsrous when starting up the plant and the pro-
duct is continuously recircul&téd over the dryer.
Obviously this glves a steady increase of the product
temperature and results in a deéomposition of the entire
masa of the rotary dryer in a few ssconds, This happepeﬁ
in the two accidents mentioned in the intreducticn.
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Sinee the product is moving in the rotary dryer the
mass of product iz not able to build up tﬁe gelf-insulating
effect. This means that heating will ke continued till the

eritical diameter iz equal to the granular size,

From diagram 2 can be lound the [ollowing critical
conditions

Ling 13 Line 1
Ee = 2 mm T-¢ritical 210%C 263°¢
Fe = 3 mm T-critical 2049¢ 2509¢

From theae figures‘it may be concluded that an impor-
tant part of the NPE-fertillizers will be supercritical at .
temperatures hetween 2057C and 2659C. '

At these temperatures induction periods aro ve:y short,
generally a matter of minutes.

The temperaturc at which spontaneous heating of this
type in & dryer will ocour, can be meazured direétly at
the laboratory by the aid of the ISMA/APEA-test methods
(4); namely with the rotating- and stationary-oven test.
With these test methods figures have been obteined whieh
ars indeed between the limits given abeve.

SUMMARY
‘ In the foregoing chapters it was shown that a Potary
dryser or spherodizer aan be cperatead fairly safe, when the
operating conditione are : ‘

- product temperature not higher than 145°9¢

- the inlet flues gas tempsrature not higher than 1609C

Ta qafeguard these conditions the following proviaicns
‘have to be present
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- temperature control + alarm on.the. inldt [lue gases

- temperature indicator + alarm on the cutlet flue

gEEes

- when the dryer comes to a ataﬁdétill‘the flue games
muist be switched to open air or the burners must be
atopped automatically.

Note: IF the period of standstill is more than half
an hour, the tempsrature of the product in the
dryer haz td be measured continucusly.

When & steady increase in tcomperature ocdurs,
the works fire bpigade has to be . warned and, if

. necessary, can fight this with water.
- go=¢urrent operation zsemz to be preferable.

It is realized that =zome existing dryers cannot meeb
these reguiremsnts because of the original design. This
will not necesearily lead to an aceident if additional
precautione have been taken.

The analysis made in %his paper, makes clear how close the
operation conditions can be to a hazardous zituation.

When operating at temperatures of 180°C and higher,
hezardous products like 16-11-14 have to be delsted from
the production program, In general it s advisable to
ponsider the hazard profile of the product in relation to
the inlet flus gas temperatures.

dince the induction pericds arec very short at these high
temperatures, the dryer or sphercdizer have to be equipped
with fixed water-jete.

Automatic operatien of these water-jets op the ocutlet flue
gas temperature may be considered. ‘ '
Easy accessable emcrgency exits for the operators should
be provided. All personnel in the building should have

escape respirators.
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The aim of this paper is to help people thinking again
ahout the safety in rotary dryver op epherodizer aperation.
The author hopes that this contribition will prevent new
accidents as conccrnsd in the future.

Prevention ie better than cure,
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