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L hlJMMARY; For a cascading rotary dryer processing meat meal pdr“'(i/llﬁlbliz:&ﬂclfs%r?;
lmlm'znurc and humidity, and meal temperature and moisture comcm‘v_ven? sir B e
: me‘!lcul integration of differential equations for the drying and heat t.ranbtcr'rfncisr.::rs wgi(h e
c:}:‘mons for the mass and heat balances. The model is specific to sxngle—lpsa>s§ xylo S A0
ma:ém,t Particle and gas streams. Provided meal particles are smaller !.t?z:n : isxabove o g
‘ime/r[ml ground through a 12.5-mm holeplate), a‘r.ld dryer burner tcgper"tj:r S ngtealines
ster-l.,empcralurc processing conditions are predicted to be more han adeq A e et
pr l~l“,‘llon. Trials using a Flo-Dry 7.5 dryer and commercial sterilization l‘n tl) O
ro::'q!cu""s from the simulation. In these trials the best heat treatment was 0' \dlzcnf e

Siof 5 5 rev/min, a burner temperature of 750°C and an outlet gas temperatur
aniéNlTRODUCTION: Various rendering processes are used to convert fvv[z;iltg\:,lsfs;ccselflrgg
the (ﬁ Slaughter into tallow, and meat meal for animal feed. For reﬁovcryl:)hough A ey
Solve:{mc must be ruptured. This is commonly done by applying Veal,;’x L T
a ba(c}:"cxm‘_CUOH rendering processes are also used. Rendering pyfgccc:issi - WHCH cag e
0n whe Seémi-continuous or continuous mode, are generally classified a pEi ’opcra(ion.

rad; Cther the fat is removed from the raw material before or after the yh gl PeTR

tonal render ng systems remove water from the raw matf:nal using a severe nggring TR

systeer SyStems use a milder heat treatment, and are termed low temperz;gn;crcehamcauy L2,
thap :ﬁs. In these systems, most of the water in the raw material is rcmotythcsc 55
the Mlcrm““)’. before the defatted, wet solids are dried. An example r?' ol g A
of 8o NZ Low Temperature Rendering (MLTR) process (Fig. 1), whic lxl]dcring o

Ost agplo 95.0C for 6 to 8 min (Fernando, ;982).I'Th_crc is no one ‘best’ re
ropriate system will depend upon the application. _ _ ca
Organ,astc Material from meat processing may be highly congammg;iis\;;]xghkﬁilisl allgsuch
organ'lsms' It is therefore important that the heat treatment during pr ey R
tradinISms. and certification of an adequate sterilization treatment lsfrcq'zroorganisms g
is faisg Ot meat meals. The accepted heat treatment for inactivation 0 r;‘x: O aires lor
Sho elng the temperature of the material to 115°C for oO.mm, or to %c B oAt
thnr mes to obtain equivalent lethal effect, when there is free moistu o
high there is no free moisture, the accepted treatment for sterilization 18

. [cmPcraturcs for shorter times (Hersom and Hulland, 1980).0 ks

Lo, [}?dmo"al dry rendering systems the material is held at 100°C at at;rzgig e then rits o
lzooC ours while most of the water is being evaporated. The tcmpcj\l[hough g
reqmrclo 140°C, especially in continuous dry rendering systcms:l i Ay
C()rxlen(ments for moist sterilization, such treatment does not ensure $ cw fat. ] s
®htry S Phase inversion occurs; the major phase changing from wa:cr s gty
(Lowne In the fat are protected against thermal destruction by the 'U-\tv AT the
Nu,:) € al., 1979). Therefore, more severe heat treatments, which m:hc i i
Pathg Ona| Quality of meals, are required to achieve sterility. Howcvcfrzlr[nhrax o
anqg lgﬁmc organisms, such as Bacillus anthracis, the aetiological agent ;)_ Hansen' A e,
1984 € total number of spores is greatly reduced (Lowry et al., 1’97”, e iing, it
A number. few surviving spores may include those of organisms t'hgltcu;_l:::j: S i
Sterij; TS too low to be of concern in a dry, microbiologically sta a[ur;: e ing Systems
gy Y is considered acceptable. The heat treatments in low ;cmpelrl e e
the 4 Chts are sufficient to achieve the destruction of all chc(alilvc ce fi e the i
dry-lng“fum(m of spores (Lowry, 1983). Sterilization can be achieved,

ase of meal preparation.
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Figure 1. Schematic diagram of the MIRINZ low temperature rendering (MLTR) system-

In recent vears. ¢ _f‘ d d a ced to Arv Aaf N hdS from
In recent years, gas-fired cascading rotary dryers have been used to dry defatted so!

MLTR systems. Rotary dryers are versatile continuous systems, widely used for drying Jids”
quantities of granular material, particularly when the material is sticky or there are other So]c 0
handling problems. These dryers are made from a cylindrical shell inclined at a small ang ef

the horizontal, and they can be single, double or triple pass. Wet feed is introduced at the u( gas
end and dried product withdrawn at the lower end. A co-current or counter-current h‘(::k up
stream (>600°C) passes through the dryer shell (Fig. 2). The lifting flights in the dryer P! ing

the meal as the shell rotates and shower the particles through the gas stream. Most of mca%lcs

action occurs when the solids are in close contact with the gas. Because the period the P fairly
are at rest within the lifting flights is relatively longer than the flight times, particles reach a'd s
uniform temperature at the end of each rest period. Removing moisture from within 2 sol ure
different process from that of evaporating liquid water, and the temperature of high-mo1s
particles in a rotary dryer can be above 100°C at atmospheric pressure.
S
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Figure 2. Arrangement of a Flo-Dry cascading rotary dryer.
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Mogg\f,gitl::a“’ly' it is difficult to monitor the time/temperature conditions in rotary dryers.
Near the . € temperature of particles being bulk drigd at atmospheric pressure will remain at or
MOistyre wet-bulb temperature as moisture evaporates and wnli rise above that only when the
of matcrifuomcm of the pamclcs_ fall_s below a critical level. Those unfglmxhar with the behaviour
d"}'ing C In rotary dryers are inclined to consider that conditions will be the same as for bulk
a[mém g?fsequcndy, doubts are often raised with regard to the sterilizing adequacy of the heat
Predicyip thord@d to low temperature rendered product. Thc.rcforc, a model was dcveloPcd for
fin 8 the temperature and moisture content of meal passing through a rotary dryer, and the
8 Conditions predicted to give sterilization were tested for a commercial dryer.

temfslr:)dfl{tll‘AnON_MODEL: Théirying rate at any point along the dryer can be written in
Volume & de‘fonowmg vanabl;s: temperature and moisture content of particles, drying time,
and Masg surface area O_f particles, gas temperature and humidity, ﬁlm.hcat Fran;fcr coefficient,
Partic)e Iransfer coefficient. The most appropriate model for the drying kinetics of wet meal
ove cls oS k"f’“’";, Simple drying models incorporate the concept of unhindered drying
Tate of h Particle’s critical moisture content; dryin g rate is constant and dcp_cnds solely on the
Ho ev:‘“ ransfer to the material. Below the critical moisture content, drying rate decreases.
partiCula:; t{nany materials, particularly foodstuffs, agricultural products and material in
e orm, do not show critical points, and hindered drying occurs from the start of drying.
ad"anc}c’ tem of equations was developed to estimate the drying rate, particle temperature, axial
*Quatiop gfas humldl'{y and gas temperature in the cascading rotary dryer. The two differential
heag ¢ . the drying and heat transfer rates, and the two algebraic equations for the mass and
Inte at?gbc (which incorporate the effects of evaporative cooling), were solved by numerical
M0istyre 1 10 give profiles for the gas temperature, humidity, and particle temperature and
Wncre cmc ontent along the dryer. The numerical integration procedure involved choosing a ime
Was achj and Integrating along the length of the drum until the specified outlet moisture content
Chan 1eved. _ThlS time interval was progressively reduced until the predicted drying ume
e Om trial to trial by less than 0.5%. :
€t qj, (19802n ribution of radiation to the total amount of heat transfer was ignored because Platin
0 the ga ) showed in a similar simulation study that the radiant heat transferred from the sol;ds
Heat trans I$ less than 10% of the total heat transfer, even at gas inlet temperatures of 800°C.
Tanser erfer between the particles and the dryer wall was also ignored. The amount of heat
rye wallo S L1c gas to the dryer wall is typically two orders of magnitude less than that from the
SMilar 1o o the particles (Langrish et al., 1988). Hence the dryer wall and the particles are at
Qryer Wau“?Pcrmurcs at each cross-section of the dryer and the heat transfer from the gas to the
te n fls the rate-limiting step. Both assumptions resulted in underestimating the amount of
Steri); t§ €r from the gas to the particles, thus giving a conservative estimate of the equivalent
temperau:?cn times because the predicted particle temperature would be lower than the actual
T .
i, 1118 8as and solids conditions were simulated for three particle shapes and sizes (15 X 8x5
Nitjgy . X 10 x 8 mm 4nd 30 x 16 x 10 mm), two initial particle temperatures (15 and 30°C), an
g gooticle moisture content of 1.5 kg/kg dry matter, three inlet gas temperatures (600, 700
Of gag o, - &N initial gas humidity of 0.112 kg/kg. The dryer was operated with co-current flow
. solids and the outlet solids moisture content was specified as 0.08 kg/kg. Drying was
co be adiabatic, as the dryer was covered by ceramic fibre insulation and measured heat
}“Vere sSure less than 5% of the burner’s heat output. The drying kinetics of the meal particles
cave a -:ined to be represented by a linear falling rate curve. The particles were assumed to
b:“lcn[ of cal moisture content equal to the initial moisture content and an equilibrium moisture
ki hilvi(,ur Zero, and exhibit non-hygroscopic behaviour. The assumption of non-hygroscopic
c'ghcr Pa (with equilibrium moisture contents greater than zero) results in lower drying rates,
ONSeryqp C1€ temperatures and longer equivalent sterilization times, and therefore gives a
tre, - & m‘(’)SiCStlma[c of the degree of sterilization. : a0 & 30k g SR
wialmem % el does not incorporate the biological factors involved in stg:nlxzzmor(\g.u3 e hea
tre ¢ ; achieve meal sterilization is given by the Arrhenius-type equation 7 =€ ,
S the holding time (min) at an absolute temperature, T. The particle temperature
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r sterilization, 10
was not
oC was

profiles obtained from the simulation were used, together with kinetic data fo
predict equivalent sterilization times at 115°C. To ensure the Arrhenius equation
extrapolated beyond the limits of the data, the equivalent sterilization time below 110°C
assumed to be infinite and that above 131°C was taken as 1.5 min. Thus, a conservative estimal®
for the equivalent sterilization times was obtained.

EXPERIMENTATION: Trials were carried out in a new 15 tonne/h LTR plant consisting °5f
one 5 tonne/h module with direct steam injection producing margarine grade tallow and [wod
tonne/h MLTR modules producing inedible tallow. The raw material in all modules was grouf:()
through a 12.5-mm hole plate of a Weiler grinder, then subjected to an average 6 min at 8218
93°C in the rendering vessels. Cooked material was separated in Alfa-Laval CFN of
decanters, and the decanter solids (at around 70°C) dropped into a common sCrew COﬂ"c);d
feeding the rotary dryers. Two direct-fired Flo-Dry 7.5 dryers (Flo-Dry Technology L’e(i
Auckland, New Zealand), of the same dimensions and design used in the simulation model, d{[thc
the decanter solids from an initial moisture content of 1.22 - 1.63 kg/kg to 0.06 - 0.11 kg/kg: o
burner and dryer outlet temperatures were recorded every minute. The speed of each dryef, id
the time for commercial sterilization indicators (see below) to pass through the dryer wer¢ not hlc

It is difficult to measure particle temperatures along the length of the dryer to check ! 3
model’s accuracy. Therefore, commercial sterilization indicators, which change colour W ‘r;a
given temperature and holding time in steam heating have occurred, were used. The ideal fo e
simple indicator is that it remains unchanged though most of the sterilization holding Phasl;
undergoes a rapid and easily identifiable change after an acceptable period of heating; onc
changes if sufficient moisture is present to provide ‘wet heat’; and is stable during s[ora%'
Commercial indicators do not undergo a gradual colour change through the heating per ']ouf
remaining apparently unchanged until the last minute or so, and then undergoing a rap! o s,
change, the indicator is able to give a more meaningful indication of sterilization conditio
Because indicators operate over a limited temperature range, a single type of indicator canno ing
used for all sterilization procedures, and a suitable indicator must be selected for the pfO‘?"ssl
conditions envisaged. Clox

The following sterilization indicators were used: 121°C and 134°C ATI Stcam‘zsoc
indicators (Deseret Medical Inc., Becton Dickinson & Co., North Hollywood, CA 91605); 11‘h€i’
(black spot) tubes and 135°C (yellow spot) tubes (Albert Browne Ltd, Leicester, England)- ly
operating characteristics are given in Table 1. Five of each type of indicator were sim wubin
dropped into the dryer’s feed screw with the decanter solids and retrieved from the meal Surg:am.
at the dryer outlet. To help detect the glass tubes in the meal, these tubes were taped to @ St

Clox indicator of the same temperature range, using Ceelon tape.

' s o a2 g ag) imes
Table 1. Temperature-time conditions indicated by colour changes in indicators and the 6

for sterilization of meal at each individual temperature.

Indicator Steam-Clox Browne Tubes
colour change 121°C 134°C 125°C 135°C
Up to one-third unsterilized  unsterilized < 5 min <2 min
Up to two-thirds unsterilized  unsterilized $10 min <3 min
Full sterilized sterilized 211 min z3min
Time for sterilization 15 min 0.7 min 6 min 0.6 min

io]es
RESULTS AND DISCUSSION: Simulations predicted that the temperature of the Pam:ll:d
being dried would reach a maximum near the dryer inlet (Fig. 3). Calculations also S“ggc-mc
that the time for a significant thermal response in the particles is less than one minute.
is of similar order to the dwell time of the particles in the lifting flights over each revo
the drum, so the particle temperature should be nearly uniform during drying.

Jution 0
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Cascading rotary dryer. Particle inlet temperature 30°C; gas inlet temperature 700°C
(+-) and 800°C ().

Chang; : :
*quj ala:g"!g the inlet particle temperature affected
' CC"t times of heat treatment for the reference temperature of 115 Ve |
med necessary for sterilization. Changing the inlet gas temperature had a significant

the heat treatment predicted by the model. Inlet gas temperatures below 640°C gave
moisture content

?ffect Oon
"Sufficie

0f 0,08 1 . Teatment. Particle size influenced the time to dry the material to a
P&rﬁcles &/kg. Larger particles needed about 2 hours to be dried. However, alth
imy Would have an excessive moisture content (0.18 kg/kg) if they w

M time of 50 min envisaged in practice, they still would have been

Magjp WO

Tap
62, Predicted drying times,

the conditions slightly (Table 2), but the
: °gC are well above the 60

ough these large
the dryer for the

adequately sterilized.

outlet gas temperatures and equivalent heat treatment times at

115°C for different particle sizes and gas and solids inlet temperatures.
Pz?ll:le Inlet temperature, °C Drying Gas outlet Equivalent
tm time, temperature, time at
\ Gas Solids min °C 115°C, min
1
oo 600 30 & 74.0 7
700 30 ® 76.1 264
800 30 36.9 115.8 830
1 800 15 45.6 104.2 633
0
3 b 800 30 49.4 115.8 1112
0
"lﬁxl\o 800 30 108.2 115.8 2439
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and an OUdct

Drver A was operating at 3.33 rev/min, with a burner temperature of 846+4()° G
temperature of 121+ iryer B was operating at 5.45 rev/min, with a burner temper: ature 0
743; 11°C and an outlet temperature of 127+1 <.'.‘ The average residence time nl’ "w sterilization
indicators was 34+3 m A and 22+4 min in dryer B. The observed dr vwg L””“‘m[
outlet gas temperatures were within the range predicted by the simulation, wh ch suggests thd

the simulation modelled the real behaviour of the dryers udmm'll ly lete
Retrieval rate ] rs varied from 20% to 93% (Table 3). A comp

24 er
chie ving of sterilizing m.vhi«om All the high

colour change of epresent o
temperature indicat 1-C and yellow spot Browne tubes) that were “’/mf |
had changed colour completely the lower temperature indicators had only partla

mpcralurc

changed. The icals in those indic probably passed through their working te ion
range too quickl r the indicative colour change to occur. In these trials, the best sterilizd
conditions ‘ otation of 5.5 rev/min, using a burner temperature of

and an outlet gas temperature of 125°C

Table 3. Retrieval rates and colour change of indicators introduced into dryer A (five runs) a9
d]’\ - B B g UrliS)
Steam-Clox Browne Tubes
121°€ 134°C Black spot  Yellow spot
D[‘yf" A
Indicators intr 25 o 25 25
Indicators 1 ] 18 16 3 6
Indicator colo
- 8 -
1)“3,— ) S - - ¢4
5" n;: 3 16 = 2
Dryer B
;u 15 15 15 15

One - -
On 9 . 3 »
Fu 5 14 - 8

ef
CONCLUSIONS: The simulation ot meat meal drying in a Flo-Dry cascading rotary dr¥°

. to Of
predicted the real behaviour of the dryer adequately. Provided meal particle size is eqU ldry
less than 15 x 8 x 10 mm (raw mate rial g,xound through a 12.5-mm holeplate), and the than
burner temperature is above 640°C, the particles will be subjected to a heat treatment greate?

that required to achieve commerc ud sterilization.
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