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|
The micro cross section detector is useful where wide dynamic range

| with linear response is required. It will detect all components except
the carrier can in the system, and due to its small internal volume (78 ul)
its response tiee is low. It is,unfortunately, not a very sensitive de-

|
tector and is equivalent to a good thermal conductivity cell,

Before the introduction of closely spaced electrodes in MCS detec-
tors, it was usual to use high energy isotopes, but with the detector
deceribod, the use of low energy (and hence safer) tritium ia possible,
with excellent ronulta.

|

! II. PHYSICAL DESCRIPTION

The detector containe a atainlosa eteel foil coated with a thin layer
of titanium. Approximately 200 millicuries of tritium, adsorbed on the foil
as titanium tritine, supplies energy to the detector in the form of B radi-
ation. The radioactive source and electrodes are housed in a stainlocc
steel and 25% glass filled Teflon * cylinder. The detector in sealed within
a mancive aluminum heat sink for operation at elevated temperatures. In

compliance with AEC regulations, the detector must not be removed from the
aluminum block under any circumotanceo.

The block also contains two 85 watt cartridge heaters, a thercocouple
and a thermal critch which prevents overheating. The a componenta are
easily removed if their replacement should be required.

III. RADI0 ACTIVE SOURCE

As previously mentioned, the courco contcina approximately 200 milli-
curies of tritium. The radiatien energy omitted from the detector is very
low (0,018 H.E.V. ) and ror,uireo no special chielding other than the mater-
ials normally need to encloce the foil. However, the total amount of
radioactive asterial procent is potentially hazardous if handled improporly
and therefore, the detoctor should be treated with the care normally duo to
any radioactive source. The following points should be strictly observed
in order to incure safe operation and long and efficient service.

A. Excessive heat wili vaporize email emounts cf tritiom which can
pressat a cericuc enfety hazard to Inboratory personnel. In order to pre-
vent any possibility of this occurring, au everheat circuit .till chut cff
the power to the detector heaters if the temperature exceeds 225'C. Under
normal conditions, everheating will not occur beccuse the heating circuit
is balanced against thermal losses no that full power to the hecters in re-
quired to reach a block tonporature of 220 C. For this reason, it is impera-

tive to replace defective parto with original equipment only.

B. Li fe of Foil . The average foil life varies with operating condit-
ions and is reduced by continuous une at high temperatures. It 10 desirable
to operate below 1c0 C when poccible, not only to prolong foil life, but
also to reduce the possibility of contaminating the laboratory atmcaphere.
Evon at 200 to 200 C, foil life chould appronch 1 or 2 years with careful use.

' Reg. tradecork, E. I. du Pont de Memours & Co., Inco

. __ ___ _
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C. Tritium Loss fror_the Cell. The activi3y ot me r - --o
| ually decrease at the rate of 40 microcuries per day due to the natural
'

radioactive decay at roor: temperaturo. With a now foil, tritium loss in-
creases to 38 millicuries at 200'C and 1.3 ntillicurica at 225*C,

( SIUCE VAFORIZ ATION OF TRITIUM DOES OCCUR, IT IS RECOMMENDED

THttT THE FCLLOWING PRECAUTIONS BE TAKEU:

| 1. IF TliE DETECTOR IS OPEETED ABOVE 150*C, THE GAS SHOULD

BE VENTED FROM THE LABCPA'IORY THROUGli A PUBBER TUBE

CONNECTED TO THE CELL OUILFT. THE VENT (EG. FUME HOOD)

SHOULD NOT EXHAUST NEAR AN AIR INTAKE AND, FOR MAXIMUM

SAFLTY, TUS TUDING SHOULD EXTEND TO THE TOP OF THE FUME

HOOD. IF THE EFFLUENT G A" Ir NOT PIPED OUTSIDE THE
LABORATCRY, A MIDIMUM FLCd OF 120 CUBIC METERS OF AIR

PER 24 HOUR 3 SHOULD BC FASSED INTO THE LABOPAT0i?Y ARD

EXHAUSTED FROM THE EUILDING.

2 IF THE DETECTOR IS OPERATED EELOh' 150 C, THE CELL EFFLUENT

CAN ENTER THE LABORATORY AIR WITHOUT HAZARD.

D. Health Hazards of Tritium. Duo to its low energy, the hazard
of exposure to tritium radiation ic negligible. Penetration of these
rays through body tissue in only 1-2 mm which is insufficient to cauce
damage. The detector body and heat sink completely absorb the radiation
before it can reach the operator.

HOWEVER, A HEALTH HAZARD DOES EXIST IF SUFFICIENT TRITIUM

IS VAFORIZED FROM THE DETECTOR AND CONTAMINATES THE LABORA-
TORY AIR. ABSOEPTIOD CAN OCCUR THROUGH THE LUNGS tiHD THE

1 TO 2 MM PENETRATIGH IS SUFFICIEUT TO CAUSE DAMAGE WHEN

ThE ISOTGPE IS CIRCULATED THROUGH THE BODY FLUID SYSTEM.
FOR THIS REASON, THE PRECAUTICUS LISTED UNDER "C" AE0VE

SHOULD BE STRICTL7 GBCERVED TO IUSURE TUS S AFETY CF PER-

SOUNEL IN THE ARE/..
-

IV. CARRIER GAS RE3UIEE!!EHTS.

The preferred carrier gas is pure hydrogen, but if this is undecirabic
due to cafety rencone, then uater saturated helium can be used -- but only
with ec~e 1000 in eencitivity compared to hydrogen. ,

'

V. COL _U MN,, .

Columns to be uced with MCS detectorc need no cpecial treatreent other
than flow condit ioning for appror.imately one hour at a temperature of 20-
30*C higher than normal oport cing temperature, This auct be deno with the
column exit dicconnceted frem the detector to prevent liquid phaso from con-
dencing cn the inside of the detector cnd caucing noise or sencitivity loen,

_ _
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This flow conditioning should be done even 11 -tue coAumn -

conditioned et high temperature without flou, which technique la re-
commended articularly for SE-30 and eimilcr columns as it frequently
increases column efficiency.

VI. OPERATION OF THE_D_ETECTOR.

The MCS is coepatible with 400, 1400, 810 and 700 series instru-
conta. In all canes it has a tcrperature control and a manual recet
button with pilot light to prevent hazardous high temperatures from
being reached. Voltage for operation ie supplied by batteries in the
electrometer (units 700, 400 and 810) or a line operated power cupply
(609, 1609).

APPENDIX I. tempi:RATURE LIMITATION OF THE DETECTOR.

of the detector exceeding the cafe maximum of 22$ prevent the temperature
Two independent systers .nre incorporated to.

*C. In tbc event of one
of the oyetona failing, the cecond will tche over and prevent temperature
overshoot.

I
These uyctems are:

|

A. Hatching of the heatere, to tho lead so that caximum power
applied by the panel control will not ellow the teeperature
to rise above 225oC.

B. The overheat protection circuit (0.p.C.) will operate if the !

temperature of the detector exceeds the set point of the thermal I
cwitch which is incide the detector heat sink. The closing of )
the switch operates a relay and removes all voltage from the de- i

tector heater. Thic relay remains energized, even though the |

synten cools and the thermal cwitch opena, until a manual re-
cet button is operated, Voltage can then be applied once more
to the heaters. If tho temperature control requires eclibration
-- which shculd rarely occur -- this is perforared with the in-
tornal caliSrat a pot entiometer, cetting it to prevent the O.P.C.
from being activated with full pcwor applied by the front panel.

Control Location.

With units in the 400 and 810 serico, all ECS controls are located
in the ccin centrol cabinet while the 700 houces the overheat pro-
tection circuit at the lef t rear quarter cf the oven chroud. Models
1400 require a ceparate "radior.ctive detteter controller" which is
fully dealt with later in the nanual,

lihen uning MCS cn dual purpose unitc, couple the electrometer cable
to the detector before attempting to oparete.
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j The passago of radiation through the gas in the detector chamber j

causes the produc tion of ion paire which are then collected at the elec- ;
;

! trades. The potential applied to the cell (1300 volto/cm) is sufficient !

| to collect the ions produced without any significant loss by recombination, ,

l' This ion collecticn causes an increase in current to flow across the cell
| which current is fed to an electrometer for amplification in the normal

i manner. Several papers are referenced which discus the theoretical as- |

|
poet more fully for those vdohing to pursue this cubject.

i VIII. RESPONSE OF TiiE MCS DETECTOR. I
; :

, . . 1

i A. unique feature of thin cell is its ability to detect all sa:cples j

in concentrations of up.to 90+% in the carrier gas with perfectly linear
rehponse. It is not temperature or flow. sensitive for all practical pur-
posea, and so lends itself to programmed temperature operation.

The response to a known concentration of any given substance can be
calculated from the cross sections for consideration of the constituent
atoms of the molecule with good accuracy. The validity of those calcul-
ations are discussed at length by Doal (6), Boer (5) and Otvos & stoven-
son (4). Brie fly , these latter authors state that the total molecular
cross section for ionization by a given radiation is the simple addition
of the conctituent atcaic croco sections of the moleculo for the enme radi-
ation, and is almost completely independent of the nature of the chemical I
combination.

IX. CLEAHING THE DETECTOR.

Loss in sensitivity will result if high boiling compounds coat the
tritium foil. ' Running the instrument overnight at 200+*C sdth carrier
gas flowing through the unit will usually clect most contaminants from
the cell. Chemically cleaning the detector is accomplished firnt by
cooling the block to room temperature, removing from the instrument and
standing the bloch with the exit tube facing downwards into a 250 ml
beaker. A funnel As connected to the inlet tube and about 50 mic of
methanol is pcuref. through the cell. After draining is complete, the
cell is dried with a clean dry gas and replaced on the unit. The methanol
used to clean the cell is poured down the drain and. flueged with a copious
amount of water as it will contain approximately 5 x 10~ microcuries of
tritium.

X. TROUBLESBOOTING.

A. Noice Cririnating in the Cell. Dirt on the teflon foed through
the cell exit. This .ic removed by wiping vdth a lint free cloth or tissue
meistened with a solvent cuch no n-hoxane. It is suggected this be done at
roc = temperature duo to the flamability of hexane.

B. Condensation of Sc1 vent in the Teflon Exhaunt Tube. Remove this
tube and wash with a volatile nolvent auch no n-herone.

|
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by follouing instructicns in the instrument manual forWcontTcrl c; -13.;

Radioactive Detector Controller.

This unit ic required whc a an EC or HCS detector is used with a 609
or 1609 nystcc and containc ell equircont nocoesary for operatien of the
detector, The controller contains all equipment to operate both EC and
MCS detectorn and the pulcer and its control systers will not be used for
MCS operation. Thia wi1J. save time and trouble if, at a later date, on
EG detector ic purcb.ced for operation from thin controller.

It contains a regulated supply for the detector heating cycten which
is centrolled by the front panel potenticceter. The safety circuit and
manual reset button have already boon discueced and are located in this
detector controller,
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A. PCTENTIO!1ETER TO ADJUST VER (DETECTOR HEATEli OUTPUT) PAGE 3

E. Not applica~ ole for MOS Detector

C. Not applicable for I-:C S De te c t or

D. IIot applicable for MCS Detector
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