Design of Thermal Destruction Apparatus
I. J. PAlug and W. B. Esselen

Member ASAE

EVERAL methods have been described and employed Lo
S determine the heat resistance of bacterial spores. These
methods inclode: faj the thermal death time tuhe
method (2)%, ¢8) the thermal death time can method (1),
{c) the rate of destruction methed (23, (4) the thermo-
registomater method (8), and (e) the minfature retort
method (7). The thermoresistometer and miniature retort
methods have been designed 1o increase the accuracy of
stidies of the resistance of bacterial spores in the tempera-
ture range of 230 to 270 F.

In the course of investigations at this labocatory the aced
and desirability of an apparatus such as described by Stumbo
(8) became apparent. A survey of the problem indicated
that the new apparatus should permit stdies at temperatires
gs high as 300 F and at times as short as 0.0073 min, Stum-
bo (8) used open metal cups as containess for the samples
under study. Tn this method of exposure the top surface of
the sample and the bottom surface of the cup are in contact
wilh the heating medium, which is sacurated steam. Pilug (4)
demonstrated that hy sufficient reduction in the depth of a
uniform layer of sample in an open metal cup the heating

and cooling lag lactors may be reduced to a pont where -

they are not significant.

The basic requirement of the appatatus was that it he
able to move six open metal cups rapidly into and out of a
chamber that contained steam under a maximum pressure of
67.01 psia, corresponding to 300 I Secondaty considera-
tinns were {2/ that the temperature control should be accu-
rate and automatic, () that the tming and mevement of all
pacts that may influence reproducibility should he dene
mechanically ro eliminate any human errar or variation, and
fe) that it must be possible to control, vary, and measure
the length of exposure. The design used in the final con-
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struction was cssentially that presented by Pllug (3). Sam-
ples to be tested would be placed in small open metal cops,
0,433 in cmtside diameter by 0.333 in deep, punched oul of
C.008-in-thick tinplate. Horizentzl pistons with special com-
partments for the cups would convey them into the steam
chamber for exposure. The cups would then be withdmwn
and recovered for final testing. The piston would move in a
cylinder, and compression rings would cifcct 2 seall A
pneumatic cylinder would aperate the six pistons which
move the cop from the [cading position (nto the exposuce
position and, alter exposure, retuin the cup and sample to
the initial point for nnloading into subculture o recovery
tubes of media. The pneumatic cylinder wau'ld be controlled
through a {our-way solenoid valve which is in turn con-
trollsd by automatic timers. The temperature in the steam
chamber would be controlled indirectly by a pressure con-
treller maindnining o constant stearn prossure. A vertical
cross section of the machine is illustrated in Fig. 1.

CONSTRUCTION

The steam chamber consisted of a 36-in leagth of stand-
ard 8-in pipe with the ends closed by flanges. Tts volume of
approxinately one cubic foot was considered the minimum
for abtaining the desired temperatore control. A slol was
cut in the front of the pipe and a 2% x 1% x 1214-in cold-
rolled steel bar welded in the opening. This reinforcing bar
serves as a mounting hracket for the antechamber and also
to reinforce the pipe where the section is reduced for insert-
ing the cylinders. Diametrically oppesite the rzinforcing bar
2 hole was bored in the pipe, and a 2%4-in-dismeter by 3-in
long stcel bar was welded in place for the pnenmatic cylin-
det-rod stufling box. The stulfmg box was bored in place to
obtain true alipnment with the cylinders. The antechamber
was made from & solid 334 x £14-in steel billet. The sample-
cirrying pistons were 1in in diameter, and the cylinder
slecves in which the pistons moved were 13 in outside
diameter. Both the piston znd the cylinder sleeves were
made from bearing bronze, The cylinder sleeves were
mounted in the aatechamber and extended 4 in into the
exposute chamber; the outside end of the cylinders was
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Fig. 1 ‘Vertical cross section of thermal destenction apparatus: 1, steam chamber; 4, stcam
chamber reforcing bar; 5, stoffing box; 9, -base angle; 12, siaps, 13, antechamber;
14, antechamber heads, 19, sample-carrying piston; 16, sample-carrving piston cylinder;
18, trigger; 22, tip-reload pin; 26, astechamber top closure; 33, swnple-carrying pislon
connecting holt; 43, sample-carrying piston aperating bar; 59, pneumatic eylinder; 59, piston

rings; 63, subculture tube holder; 64, [oad trip bar; 66, subculture tube; 67, sample cup
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Fig. 2 Operation of trip and reset mechanism

closed by a bar acting as a cylinder head. The cylinder head
and antechamber were fastened to the exposure chamber re-
inforcing bar with capscrews.

The sample-carrying pistons are operated by the pnen-
matic cylinder, which is in line on the opposite side of the
steam chumbers. Three compression rings are located co
cach side of the sample port. The position of the rings and
of the relative porls are designed so that two rings carry the
steamn pressure at all times. The six pistons are connected to
a cominon operating har, which is actuated by the pneumatic
cylinder. 'This arrangement required only one stuffing box
but presented an alignment problem. To climinate the nec
essity {or perfect alignment, a specizl connecting unit was
designed to transmit tensile and compressive forces and at
the same time to permit a small amount of angular movement,

The sample-cup-support hairpins plus the springs and
trigger mechanism are of primc importance in this design.
The method of resctting and teipping the hairpins is shown
in Fig. 2. It was desirable that the samples be autonmtically
dropped into the subculture or recovery tubes upon with-
drawal from the steam chamber. To accomplish this end,
the trip-reset-pin unit was made adjustable; it is screwed in
and locked so that the tip of the trip-pin will just meet the
trigger when the pistons are withdrawn. The trip-resct pin
rannot be turned from reset to trip position cxcept when the
samples are in the steam chamber. The trip-reset pin can be
tarned from trip to reset position when the pistons aee in the
load position.

The loading and unleading chamber was made pressure-
tight by means of the top closure bar

Fig. % Operating arcangement. of the thermal destruclion appanitus

of the air filter and the line to the steam main were opened.
Steam then flowed into the antechamber and out through the
air filter. When stcam flowed frcely through the system, the
air filter valve was pastially closed fo give a stcam pressure
corresponding to 300 F for five minutes to effect complete
sterilization.

' OPERATION AND CONIROL

The temperature-control system consists of a Foxberot
Modc! 40 air-operated proportional-type controller having
reset rate action (Fig. 3) used in conjunclion with 2 ¥%-in
air-operated ncedle valve, The controller maintains a con-
stant stcam pressure corresponding to the saturation pressure
of the desired temperature. The steam pressure 5 indicated
by a pressure gage. The lemperature is checked, using a
mercury-in-glass thecmometer, smallest division 0,23 F,, in-
serted in a G-in-desp copper welll When the controller is
propetly adjusted, the temperature 45 maintained to within
plus or minus 0.10 F.

Since this apparatus is designed to measurc the time
temperature effect of different products, it is impottant to
control and measure the time the samples are exposed to the
respective temperatures. The control box in Fig. 3 5 used
to opcrate the apparatus. It contains the switches and push
lutton illustrated in the simplified wiring diagram (Fig. 4).
The control systcrm was designed so that either an automati-
cally timed operation or 4 manual operation could be em-
ployed. For simplicity, only onc cycle limert is illustrated in
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the wiring diagram. However, in order that comparable
accuracy caq be had at shorl as well as longer time intervels,
three cycle timers with ranges of 0 to 20 sec, 0 to 120 sec
and 0 to 20 min are employed. When an antomattcally timed
cyele 15 used, the samples are loaded into the machine, the
cover ¢closed, and the push button pressed to actuate the
mechanism to pull the samples into the steam chamber. The
cyele timer starts when the samples are cxposcd to the steam
and activates the solenaid to withdraw the samples about
0.005 min before the indicated exposute time s up. It
requires 0.003 min to complete the withdrawing cycle.
Aboul 0.010 min belore exposuce is complete, the solenoid
valve controlling the sterile compressed air is opened to
insure transfer of the samples to the recovery tubes without
loss from ebullition. As the samples come oul, they drop
into the recovery tubes where they ate cooled by quenching.
The actual length of exposure is measured by a Precisiond
tuner, smallest division 0.001 min, with an accutacy of
+0.0002 min. The timer is operated by microswitches and
an interlocking eelay, illustsated in Fig. 4. ‘The microswitches
arc operated by a lever from the pneumatic cylinder rod.

SIEMMARY

"The design, constenction, and aperation of an apparatus
made specifically for studying the time-lemperature effecls
on bacterial spores and chemical compounds have heen dis-
cussed. ‘This machine has heen in nse for two years during

§Manufactured by Standard Elcctric Time Co., Springheld, Mass,

which time moere than 30,000 tcsts have been tun, The
results of some of the work have been repoited by Pfug and
Esselen (5) and (6). The apparatus has a production rate
of more than 170 samples per hour, when the exposure
times are less than 0.30 min,
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