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The design and construction of a neutron irradiation container in 

which all samples receive the same total neutron dose and the temperature is 

controlled to± 0.5 °C in the 25 °C to 200 °C range is reported. 

* Work performed under the auspices of the u. S. Atomic Energy Commission. 
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The temperature of the sample during irradiation is an important 

parameter in radiation chemistry1
) and hot atom chemistry2 ). The primary 

and secondary processes being studied may be temperature dependent. In 

addition, the phase (gas, liquid or solid) or the sample during irradiation 

is obviously temperature dependent. Temperature control during irradiation 

may be advant.ageous in activation analysis 3). Numerous low temperature 

irradiation devices have been reported. Neutron irradiations using these. 

1 . d · · · · 4> dl" ·dhl. 5) coo 1ng ev1ces have been made at: llquld n1trogen an 1qu1. e 1um 

temperatures, any temperature between 12 °K and 25 °K6) and any temperature 

from 25 °C down to -30 °C7 ) or -75 °C8). Gamma irradiations have been made 

at any temperature from 15 °C to -196 °C9). The same gamma irradiation con-

tainer could have easily been adapted for use at higher than ambient tern-

peratures (up to 150 °C). High temperature neutron irradiations have also 

10 11 
been made ' ). Temperature control in the 250 °C to 800 °C range has been 

achieved. A variable pressure gas gap around the sample controlled the rate 

of the loss of the heat that was generated in the sample by neutron absorption. 

The sample was essentially self-heated. 

We are interested in hot-atom chemistry in general and recoil tritium 

reactions in particular. In hot-atom chemistry it is often desirable to 

irradiate many samples simultaneously. This ensures that all the samples in 

a series are irradiated under the same experimental conditions. The important 

experimental parameters during irradiation are temperature (as discussed 

previously) and total neutron dose. Inter-sample comparisons of absolute 

product yields can only be made if each sample receives the same neutron 
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2,12). dose . Furthennore, it is advantageous if these temperature and dose-

controlled irradiations could be made in the most commonly available neutron 

irradiation facility, a pool type nuclear reactor. Dose-controlled hot~atom 

studies are ea.Sily made at pool temperatures using the "Lazy Susan" facili ty13 ). 

Previously mentioned low temperature irradiation techniques are readily adapted 

. 14 
to allow low temperature, dose-controlled hot-atom studies ). The high temp-

erature irradiation techniques mentioned earlier cannot be adapted to bot-atom 

studies because little heat is generated in the hot-atom sample by neutron 

bombardment. Hot-atom studies have been made at temperatures higher than pool 

temperature. The irradiations were made with the samples in an oil bath on 

a hot plate in the dry irradiation facility (Hohlraum or exposure room) of the 

reactor. These studies were limited because the neutron dose varied with 

sample position15 ). Reported here is the design and constructure of an irra-

diation container in which all samples receive the same total neutron dose and 

the temperature is controlled, to ± 5 °C in the 25 °C to 200 °C range. 
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2. Apparatus 

The design concept was simple. The samples would be irradiated ir. a 

temperature-controlled oil bath placed in the Hohlraum of the reactor. The 

samples would be rotated so that each sample received the same n~utron dose. 

The rotation could be achieved by directly coupling a motor to the sample 

rack. This would require neutron shielding to protect the motor. This is 

shown in Fig. 1. 

Figure 1 is a cut-awB\Y' side view of the apparatus. All materials are 

1100 F aluminum (~ 99% pure) unless stated otherwise. Constructing the 

irradiation container chiefly from 1100 F aluminum minimizes the potential 

radiation hazard. The 27Al(n,y) 28Al reaction during irradiation gives. 28Al 

with a 2.8 min half-life. After allowing the short lived 28Al to decay away, 

the sample capsules can be removed from the irradiation container. The 1/2 inch 

thick neutron shielding, A in Fig. 1, is composition 254 from Reactor Experi-

ments, Inc. This thickness of shielding reduces the flux at the motor by a 

factor of l0-10 ~ The shielding protects the steel alloy Bodine motor which 

operates at 6 rpm. The motor is connected through a flexible rubber coupling 

(C) and Nylon shaft (G) to the sample rack (I). The sample rack is a right 

cylinder which rotates on the same axis as the Nylon shaft. A top view of 

the sample rack would show 24 slots for the standard13 ) 1720 Pyrex glass 

sample capsules (J). The sample slots are evenly spaced on a circle near 

the perimeter of the sample rack. If the period of irradiation is long com-

pared to the period of rotation of the sample rack, each sample in the rack 

will receive the same neutron dose. The central sha.ftof the sample rack is 

threaded at the top. Unscrewing this shaft from the Nylon shaft allows the 
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sample rack to be removed for sample changing. A slotted lid is shown in 

Fig. 1 as the uppermost part of the sample rack. This lid is to keep the 

sample capsules from floating out of the slots when the rack is immersed in 

the oil bath. The oil used is heavy mineral oil (B.P. 360 °C- 390 °C). 

This oil is housed in a cylindrical container (K). The axis of the container 

is the same axis as the Nylon shaft and sample rack. This container is 

supported on legs (13 inches long) (L) which raise the level.of the samples 

to the center line of the Hohlraum. This puts the sam~les in the highest 

flux possible. The container is heated by winding three one inch by eight 

foot silicone-coated heating tapes around the sides of the cylinder. A 

fourth heating tape is looped back and forth on the bottom of the oil bath. 

Temperature control is maintained by operating three of these heating tapes 

via a rheostat at all times during irradiation. The rheostat would be adjusted 

so that the three tapes would maintain the temperature of the oil bath at 

5 to 10 °C less than the desired temperature. The fourth heating tape (con­

troller tape) would be turned on and off by a temperature controlled to main­

tain the desired temperature. The proportional temperatUre controller was 

located remote from the Hohlraum. The temperature probe used with the tempera­

ture controller was an iron-constantan thermocouple place in the oil bath. 

Other convenient construction features should be noted. The flexible 

rubber coupling (C) adjusts for small misalignment between the motor shaft (P) 

and the Nylon shaft. N is a Teflon collar attached to the Nylon shaft. This 

collar seir"Ves as the bearing on which the sample rack turns. The weight of 

the sample rack is suspended from this bearing, not the motor. M is just a 

support leg for the motor and neutron shield. 
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In addition to the neutron shielding, several sa~ety features were 

incorporated in the design. (1) When the entire assembly shown in Fig. 1 

was irradiated, it was placed in an oil drip pan. If the oil bath leaked, the 

oil would be caught in the drip pan. (2) A drastic oil leak could be remotely 

monitored and the irradiation stopped. A second thermocouple (safety thermo­

couple) was placed between the controller tape and the wall of the oil bath 

container. If a large leak occured, the oil level in the oil bath would drop 

_below the controller thermocouple. The heat conduction between the wall and 

the controller thermocouple would be poor. Thus, the controller tape would 

be turned on all the time. The temperature monitored by the safety thermo­

couple would increase past a preset safety margin around the desired operating 

temperature. This would cause a remotely placed bell to ring, alerting the 

experimenter. (3) When the oil bath was filled with oil at room.temperature, 

the oil level (including the samples and sample peak) was two inches below the 

top of the container. This margin would allow for expansion of the oil bath 

during heating. 

(4) The oil was preheated in an open container for eight hours at 

200 °C before it was used for an irradiation. This would remove any signifi­

cant low-boiling fraction. Nevertheless, oil vapors would be formed by the 

heating and irradiation. These vapors were not allowed to escape into the 

Hohlraum. The lid (0) of the oil bath was vapor sealed to the base (K) by 

a Teflon 0-ring placed in groove H. The lid was held down by twenty 1/4-inch 

Nylon bolts (and nuts) (Q) which fastened the lid to the lip of the oil bath 

container. The thermocouple leads were forced through tiny holes in a Teflon 

plug before they were welded into a thermocouple. This Teflon plug was screwed 
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into a threaded hole in the lid (E) to make a pressure seal. Vapors could 

not escape around the Nylon shaf't because of' two Telf'on gaskets (F). Pressure 

relief' at 3 psi above atmospheric was provided by a brass pressure relief' 

valve (B). The pressure relief' valve was placed behind the neutron shielding 

but connected to the interior of' the container by a pipe (D). The exhaust 

side was connected to the reactor f'acility vacuum exhaust system by 3/8" Nylon, 

tubing. Any vapor which escaped around the lower gasket would presumably be 

exhausted bef'ore it escaped past the upper gasket and into the Hohlraum. The 

exhaust f'rom the pressure relief' valve and f'rom the volume between the gaskets 

is not shown in Fig. 1. 

(5) Also not shown in Fig. 1 is a microswitch which showed if' the 

Nylon shaf't was indeed rotating during irradiation. One side of' the top of' 

the Nylon shaft that projected into the neutron shielded region was flattened. 

The arm of' the microswitch was placed against the side of' the shaft so that 

as the shaf't rotated the switch would be activated by the f'lattened side. 

This would occur once each revolution and could be remotely monitored. 

(6) The temperature controller, the rheostat, the safety thermocouple 

alarm circuit, and the rotation sensor were all located external to the Hohlraum. 

The wires and the'· Nylon tubing were lead out of the Hohlraum through a beam 

port. A wooden beam port plug was made with one groove down the entire length 

for the nylon tubing and another groove f'or the wires. All wires except the 

thermocouple wires were f'ixed with quick disconnects. The wires were fed 

through a pressure-tight cap at the external end of' the beam port. This cap 

prevented escape of' 41Ar, from 40Ar{n,y) 41Ar, formed in the Hohlraum during 

irradiation. 

,.!'. 
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(7) The temperature monitored by the control thermocouple was also 

read out on a strip chart recorder. This gave a continuous record of the 

temperature control and would alert the experimenter to any failure. (8) In 

addition to ringing an alarm, the safety thermocouple also shut down all cur-

rent to the irradiation container. (9) The total current to all four heating 

tapes is displayed on an ammeter. 
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3. Results 

Excellent temperature control (± 0.5 °C) has been achieved at all tem-

peratures in the 25 °C - 200 °C range in tests outside the reactor. Irradia-

tions have been made for 24 hours at the Berkely Campus Nuclear Reactor. 

Excellent temperature control was obtained at 130 ± 0.5 °C. The irradiation 

' container was removed from the Hohlraum 40 hours after the end of bombardment. 

The observed gamma radiation was primarily from the heating tapes. The ob-

served radiation two inches from the irradiation container and heating tapes 

(at the level of the sample capsules) was only 130 mR/hr on the side that was 

nearest the core and 70 mR/hr on the side that was farthest from the core. 

The flux on the side of' the container at sample level was (in units of 108 n 

cm-2 sec-1 ) 34.5 nearest the core, 10.3 farthest from the core and 3.90 in the 

sample position. The flux was monitored with cobalt foils. Na(t) counters 

. 60 59 }60 were used to mon~tor the gamma radiation from Co formed in the Co(n,y Co 

reaction. 
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Figure Captions 

Fig. 1. Irradiation Container - The lid has been raised for purposes of 

illustration. Legend: A, neutron shield; B, brass pressure relief 

valve; C, flexible rubber coupling; D, pipe to pressure relief valve; 

E, hole for thermocouple lead plug; F, Teflon gaskets; G, Nylon shaft; 

H, 0-ring groove; I, sample rack; J, sample capsule; K, oil bath con-

tainer; L, 13" support leg; M, motor support leg; N, Nylon collar; 0, 

lid; P, motor shaft; Q, Nylon bolt and nut. 
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