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The following manual covers the Space Recorder, an
analytical device used to supplement the Line Recorder in

analyzing for 616.

The pages of this manual are consecutively numbered
from 1 to 23 with Arabic numerals in the upper right hand
corner of each page.

Drawings are all marked with two numbers, a Roman
mmeral and an Arabic numeral separated by a short dash. The
Roman numeral represents the major section of the manual
seéparated by a green index tab, and the Arabic numeral indi-
cates the numerical order of a print in its section.
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The proble'n of ana]szing the “gas in the purge cascads is ©
- complicated by the fact that the composition varies greatly from ona
...end of ths cascade to the othsr. WNear the bottom of the cascade _f” '
“*“the strean consists of essentially purs 616, whereas at the top it
. consists of"a. light diluent, principally 711, containing only small’
. traces: o£. 616. . The Tine Recorder was désignsd for analyzing 616
g‘ “which con‘hainad Telatively smail amounts of impurities. The methody w,
5 oAt employs is 1o measure the fIow of“gas to a mass spectrometer tubdliiy
. by means of & “Pirani gauge flommefer; the 616 is removed chemically
‘gv Frefore it reaches the spectrometer tuba and the residnal gasss mea-if;f‘;,f
":snred by meéns of the specirometer tube. It 1s seen that the mothod
gs its, highest prec:.sion for 616 con‘ba:.m.ng only small amounts of ™l
: w-‘-CDntaminants.‘ TH. the event ‘ohat the davice is used to- analyze i‘or“*
e 63,6 in: rela tively large amounts of Th, or-other diluents; the aceu-—
?._,racy drops sharp]y, The reason for this is-obvious, inasmuch as t
g ";}616 content is found by subtracting the difference.between the flow

#%computed from the flowmeter and the 7L determined from the Yass
§p¢cbrome'ben tube readmg “Gnly with careful calibration is it

tter. Accordmgly, th° defyi%e %becomes practlcally usele
determin;.ﬂng% compos:tloxi g mixtire “sontainiing ubder 2% of}

s podnted out in“the {nstruction mamual for the Line %
187 not Possible’ §omeasfi‘re 6156 in the Line Reécorder tu
,tﬁe decomposmion of 515 sharpl,/ llmits t’qe life of”

< ‘é"f P -

: 2cific I‘ad.10-~
is‘ an em:r.’cter ‘of alpha h
for measurin t"he 616

'or ‘other’ gjas :nixtures
ted jonly'_bywthe ra

gan by high “conéentra
cian frequen’t,fy concerﬂ:ra
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ctz.on 300 most bu:.l\..lngs conta
only uen cells and hence the same numbsr of sampling points. Only '
iR Section ) is the numbdr of’ cells par building as great as 1.
*'Howevsr,‘in tha purge éagcades there are 21 cells and in addition
8 othei-"places at which analysss ara requirei. From the standpoint,
b ~_ jof procurement of wmanifolds for the purife™ cascades, it was ‘de-
* “givable to use manifolds which differ as little as possible from i
those Yeing manufactured for, use with the Line Rescorders in the :
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IIu-l shows Py flar d:.agram for a purge cascad° mani

fOIdo p comparison with Figure II1.1-13 of 'the Operating Manual, «m
"Lina Réocordsr.and Mass. Spectrametar" Volume XIX shows that most of
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Cell 6

Cell 8

Cell 10

Header Cwl

Cell 12
Cell 14
Cell 16
ell 18
Cell 20
Cell 22

Header C-2

Call 13
Cell 15
C=11 17
- Cell 19
Cell 21
7L overhsad product

An examination of Figure II-1 shows that the two line
recorders are connecied to headers X and Y in a fashion similar to
that employed in the main cascads. The dynamic calibration check
system, the cross over system, the static calibration system and the
sample removal equipment are identieal to the corresponding units eme
ployed in the main cascade, '

(b) Normal Connections to Line Recorders and Space Recorders

Under normal circumstances, the Line Recorders will be
used for analyzing points containing on2 or more percent of 6i6.
Under normal circumstances the space recorders will be used for
analyzing .gas from cells containing less than several percent of 515,
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From Figure IT-1, it is easy to sse that headers C-1 and C-2 connect
most readily to the two space recorders. Thus under normal conditions
it is possible to simultanegously operate two 1line recorders on the lowear
part of the cascade and two space recorders on the -upper part. Tnder
these circumstances it is important that the transfer line connecting
valves 35, 21 and 28 be kept filled with The If this were not dons,
th: possibility of leakage of 615 from headers X and Y, which contain
high concentrations of tzis component, through valve 35 and 42 into
the space recordsr could take placg. It is not hard io see that if
the space recorder connected to valve k2 were analyzing gas containing
a mol fraction of 616 of 19'6, even a slight leak in the seat of the
valves could seriously contaminate the gas flowing to the spacz re-
corder., '

N

(¢) Connection of Line Recorder to Upper Part of Cascade
\

In the event that onz wishes to employ the line recorder
on the upper part of the cascade as might be the case if one were
hunting for a leak, use is made of the transfer line connecting
valves 35 with 21 and 28. In this way, -the gas from any cell con-
nected to headsr C-1 could be connzcted to either line racorder
through either header X or header Y. Under these circumstances, it
4is apparent that one of the space recorders cannot be used.

(d) Connsction of’ Space Recorder to Lower Part of Cascade

In some cases it may be desirable to analyze the contents

. of a cell from the lower part of the purge cascade with the space

recorder. In this case, the flow of gas is again through the
transfer line, this time in the opposite direction to what it was
in the previously cited case. It is not anticipated that this
will be a very frequent occurrence since the uss of the space re-
corder for analyzing gas conbaining high concentrations of 616 is
not encouraged becaunse of its detrimental effect upon the life of
the signal can,

(e) Analysis of “aste 74 in Holding Drum F-353

Tn addition o the changes already noted, the purge cascade
manifold contains one aidditional feature not found uon the regular
manifold., This is ths integrating volums 211 mounted on the ocutside
of the air conditioned region, Gas from holding drum F=353 flows
continuously through valves 201 and 203 past the oren end of the
adjustable leak 275; Volume 211 has been previously svacuated

_ through valves 278 and 282, and leak 275 has been previously adjusted

S ——— o e e .
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so that in some arbitrary pericd, such as 8 hours, sufficiesnt gas
will flow into volume 211 so that the pressure will rise to 2 con-
venisnt valus such as 1 psia. Then by connecting 211 to either of
the adjustable isaks 73 or 7L used in connection with the standard
sample bottles 115 snd 116 it is possible to analyze the contents
which have accumulated in 211, In th2 évent that it is decided to
analyze the contents of holding drum F-353 at any instant, it is
possibls by opsning valves 202 and 20k %o transfar the gas stream
to either header C~1 or C-2 and hence make an analysis with either
the space recorder or line recorder,
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(a) Flov Diagram

Boo s ' " The flow diagram for one of the space recorders is showm in
BT F:Lgure T2, QGas enters the unit from the manifold through valve 17;
-, " passes ‘through valves 13, 14, 15 and 16 into the signal can 30. The
T, sylphon type B~4 pumps 38 ard 39 raise the pressure to whatever value
is desired in the signal can. “The pressuve is controlled by the
.opening of valve 31 which is operated automatically by the contr oller
1. The gss then returns to the plant through one of the four lines
gshorm. In the event that it is-decided to remove a sample for external
study, this can be accomplished’ by attaching a suitable sample remova}.

stem o the po:mt ind.ca.ted and openlng valves 26 and 29.
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o The radioactn.nty of“ 616 consists of the emission of h:.gh
ennrgy alpha particles at a definlte uniform rate. This rate depends
upon the relative isotopic’ constitutmn, since all three isotopes emit.

alpha particles at & different. rat o These alpha particles as emitted’

vi,n-have a very ! definite range of travel, which is inversely proportional . i

K "};o ‘the pressure. Iii the gas samples, at standard tempnrature and pres-.
‘""fsure ’oh:.s range of travel 1s‘approx1mate1y cho L e

e

3G mn.le travell:.ng thik Aistarce the emergy of the emitbed
’particle 1s ‘expended by the pnéamtion of approximately 130,000 ions e
mlog”f : th. part:.cle with the gas nol eculeso etis!

el e
'}“‘.‘ ‘L};}
R

F R Thev colleotmo of. tHese ions Jand 2 memsurement of the re=—-
Bizl"cant electrn.cal curren'b cons‘bitutes a.determination of the. num‘oer-‘,_
rm:lnatmn of the 616 concen’oration. :

L- -—~'~- ‘;.

.,~—¢' ,.,,‘a-

.,_ <

G “. o >r' :f"

LA

HesAy

-
=

kD

léngth 9 24", . Although the sens:.t:wj.‘by ‘could be :unproved by using a ‘

higher pressure, “it was- dec:.ded tha.t it would not be practical to em- _“3‘_'»'

ploy a pressure muc‘ti’“hz.gher tha‘n"lo psia with the pumps available. Ba -

. “cause of the cdrrosive nature of 616 gud ‘the consequent danger. of a:

2 }“;'. hig,h background, the signh.l m,was made of: ‘the least’ corrosive matérials ‘
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.,025" in diameter, is mount-ed along ‘bhe -
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A grid structure consisting of a cage approximately 20" long
and 8% in diameter is mounted concentric with the collector wire, It
i8 constructed entirely of nickel and every effort has been made to
hold the surface area to a2 minimum., For example, the cylindrical sur-
face of the grid structure consists of wires 0.0031" in diameter and
one inch apart. Whereas the can operates at ground potential and the
collector wire'!s potential never rises more then a few millivolts
above ground, the grid structure is connected to a source potential
of several hundred volts. Thus all positive ions formed within the
grid structure are drawn to the central collector wire., If the can
is operated at a pressure of more than 10 psia none of the alpha
particles, originating from corrosion products on the inside wall of
the can itself, have sufficient range to penetrate the grid assembly
and hence the background ionization current in the device is due only
to alpha particles otriginating on the grid structure or collector wire
and to beta particles.

. . All internal parts are attached to the cover of the signal
can which 18 gasketed with an aluminum wire seal., Gas circulation in
the signal can is through two Crane 1/2" SM globe valves which are
mounted on the side of the c¢an near the top and tottom respsctively,.
Commmection to the rest of the flow system is through aluminum gasketed
flanpes, 36 and 37, shown in Figure II-2. '

(¢) Current Amplifier and Recorder

The small ion current to the collector wire is measured by
means of a negative feed=back amplifier having an identical ¢ircuit
to that employed in the line recorder. Although the amplifier is
interchanzeable with those employed in the line recorder, certain
modifications were made on the pre-amplifier. An electrically operated
zero check switch is included. This is operated automatically from a
timer which should be set so that for approximately two minutes in each
30, the ion current does pot flow through the grid resistor of the pres
amplifier. A shorting type switch is used for changing the contact and
‘merely connects the collector wire from one end of the grid resistor to
the other. The reason for employing a shorting type switch is to pre-
vent the collector from acquiring the potential of the surrounding grid
during switching and hence imparting.a large transient pulse to the
anmplifier when it is connected back to the high end of the grid resistor.

In order to change the range of the instrument a second switch
is provided to reduce the sensitivity by a factor of 1Q0. This is done
by connecting a resistor having a resistance of 2 x 10° ohms in parallel
with the normal grid resistor of 2 x 1010 ohms.

The output of the amplifier may be read either-on the regular
output meter or on the single point recording potentiometer which is
connected to it. As in the case of the line recorder, the leeds and
Northrup recorder reads 200 mv full scale. It is equipped with alarm

contacts and an extra slide wire for operation of a remote recorder. ’
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(d) Booster Pumps

' Two type B=4 pumps connected in series, 38 and 39, in Figure
TI-2 raise the pressure from a plant value of one 1o three psia to i0 psia,
the normal operating pressure of the signal can. Pigure III=1 shows the
estimated flow rate in the signal can as a function of the inlet pressure
%o pump 38. Figure III-2 shows the variation of pressure between the two
pumps ag well as the averags bellows pressures as a functicn of the in-
let pressure to pump 38, Control valves 2 and 3 determine the pressure
behind 4he bellows of the two pumps. For maximum bellows life each should
be set et a value which is the mean of the respective inlet and outled
pressures.

(e) Voltage Supply

The potential applied to the grid gtructutre of the signal
can can be get at either 300 or 750 volts positive with respect to
ground, A simple rectifier is employed and the voltage is held constant
by the use of VR type voltage regulator tubes. A filter consisting of
a resistance of § megohms and a capacity of 2 microfarads eliminates
fluctuations. It is important that the potential of the grid structure
should not vary since the variatiocn would induce charges on the collector
wire and hence result in instability of the amplifier output.
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. GHARAGTERISTICS OF SIGNAL GAN

(a) Sensitivity ~‘[ B

v e
< ‘;—_; [

. It has already been sta‘bed t‘n?t the high enﬂrgy alpha Yo

- part,icles produced by the radioactive disintegration of 616 produca
lons in the:.r collisions with the gas present in the signal can.
“From the isotopic concenvra’cion and data on the radiocactivity of -
.the T isotopes (Table I) it is possible to0 ‘compute the relata.onshn.p
betmen ’che concentration of 616 an the :nagm.tude of the ion cu'rent"

y
2555

Algha Particle in Air
e L (uvnder std.
<. . . conditions)

e i ; & -
A’I'he contrlbutlon from the Tae 25 isotope ac’c.ivity is small compared
-total activity not only in normal '615. but for any enriched material!.g
P A enriches as least gs mich as,  Tog. Thus the To) enmchment vai.ue“'
e ‘most e. known with the same acdurdcy as is désired for the 616 concen=
" tration measuremént; - The Tgg enrichmont isinot important exce Ao
it gives 2'fFough indicatlon of” Tg)_,. ehrichment when the latter is’ no%” M
v known, -Tabls II.readily illustrates: this, by showing the relative ratests)
~of a}.pha particle emission of the three isotopes’fér normal 616 é.wf PGS
an arbn.trary ‘{sotope mixture in which both’ '1'2)4 and Tpg Have been enriche
51 616 using as & standard 10d*£5§“

’che concentrauon in normal

:below has_ beggg “che: ;g b ,
i et.ber ﬁhm?%’ - In the alculation ik was assumed that tha can

Sl

s mostly 7h at a: pressﬁr= £ 10; psia; anc_l a: temperaturé oF; 2700..,5*’ i




Mo1Z = ( 1.8 ) x1.9x107 x (L A213) xI
(E + 0083 ) 300

= (1.8 ) x1.9x10°x (T +273) xV/A&
( § + 0.86 ) 300

I = ion currént {anp)
R = grid zﬁsistor (ohms)
ve sign{!l (volts)
= B2 T22$/ isotope enrichment
Ts témperature in °C
Table ITI shows typical values obtained at 10 psia and 50°C
for normal 616 and also for material in which the Tos and Tg, have been
jnereased by an amount such that the specific molar lonization is 10
times that of normal material. For -the highest concentration a slight )
correction must be applied as discussed below. C ey

4 &7
P

- TABLE 11X -

‘ Voltage Signal <
Mold 616 Amplifier Resistor Amplifier Resistor

Normal Enriched Ton Current 2'x 100 ohm, 2 x 108 ohm,
10 1.0  49x109 0.98 v
g 1.0 . - 10°% x 10720 9.8 v 98 v .,
10l 1072 21001 098w ‘ 9.8 - . .
w2 103 x107% 98 ow o E ;
10°3 1075 x 10713 9.8 mv e

A )

. As the concentration of 616 in the can increases with a -

resulting increase in the ion current, a larger and larger propgortion = T
of the positive and negative ions form and recombine before they reach '
the electrodes. Below currents of 5 x 10~10 "amperes the error caused
by the recombination is less than 10% for a grid voltage of 300 volts
‘and less than 5¢ if the grid voltage is 750 volts. Figure 1Iv-1,' shows
the percentage of ions coilected as a function of “the ion current. It

7~ is seen, for example, if the ion current is 1079 amperes and a 750 volt

' potential is applied to the grid, then 92,5% of the ions formed are

actually measured. Our formula above can be corrected with the use of -

T T T I TR YT s e e .3z
ST N i {4 SN
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Figure IV~l, For signals above 6.5 x 109 amperes, corresponding %o a
mol concentration of 209 normal (or 24 of tén times as radiocactive en-
riched material) 616 in the signal can, the effect of recombination bee
comes too great to permit accurate measurements. Since the ion current
“is proportional to the partial pressure of 616, it is recommended that
for such high concentrations the signal can be operated at a much lower
pressure. For example at 2 psia analyses could be made on 100% normal
615 and 10% enriched material. (Enriched material which will be fre-
quently referred to from now on has been arbitrarily chosen for pur=
poses of illustration .to mean a specific alpha activity 10 times that
of normsl. In the plant the specific activity at any time will have

to be determined by the zlpha counting method). At pressures below:

5 psiez the range of the alpha particles bescomes comparable to that of
the signal can and there will be a loss in sensitivity. due to the fact
that some of the alpha particles will hit walls before they have fully
dissipated their energy by forming ions in the gas within the grids
Figure IV-2 shows this effect and may be used for correction purposes
in the event low pressures are ever employed.

Flows of gas through the signal can of less than 12 liters/
minute (measured at the pressure of the signal ean) wmay be used with-
out cutting the sensitivity (at any concentration of 616) by more than
5% if the grid voltage is as low as 250 v. Figure IV-3 shows the
effect of flow upon the size of the signal. If higher grid voltage
is employed, the effect is even less, as may be seen in the graph.

(v) Background Jon Current in Signal Can

The ever present residual ion current pubs a low limit on
the concentration of 616 which can be measured in the signal can. This
background is due to a number of causes;

(1) All materials contain traces of radioactive elemonts.
The materials from which the signal cans are constructed
are no exception to this rule.

(2) The passage through the signal can of gamuma rays from
the surroundings and cosmic rays produces a small residusl
ionization current.

The combined effect of (1) and (2) produces in general
an output signal of less than 2 mv., (Voltage signals
given are for a grid resistor of 2 x 1040 chms unless
otherwise stated). The presence of a tank containing
150 lbs of normal 616 placed 9 inches away from the signal
can gave a signal of § mv and when moved four feet away,
0.5 mv. Thus the presence of large amounts of 616 in the
plant should have little effect.

(3) The radiocactive disintegration of T results in the
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formation of actinon and radon. It can bz shown that the
amount of actinon present in the signal can will be entirely
negligible. On the other hand, the concentration of radom
will graduzlly increase with time. Ab the end of the first
year of operation of the X-25 plant, the concentration in
the purge cascade will be such as to produce a signal of
less than 20 v, After a number of years of operation, the
goncentration might rise sufficiently high to cause some
rouble.

(4) The admission of 616 to the signal can results in a deposit
of radicactive compounds on the internal surface of the can,
which gives rise to the most serious source of background. The

. chemical ‘reaction of 616 with the surfaces of the can or with
any substances occluded on the surfaces, such as water vapor,
produces non-volatile T compounds which; of course, emit alpha
particles. Although the grid structure minimizes the effect '
of this source, it does not remove it completely. Also, the
radiocactive disintegration of the T in 616 results in the

" formation of non-volatile beta and gamma emitters which de-~
posit on the walls of the can.

: Figure IV-4 shows the manmer in which the background depends
on-the exposure of the can to normal 616. Exposure is arbitrarily de-
fined as the integrated concentration of 616 in mol percent, multiplied
by the number of hours of running. It is found that the background
varies with the pressure, and is greatest at 2.5 psia. At this pressure
the background consists mainly of alpha particles, originating from the
T reaction products on the large surface of the can itself, which have a
range extending beyond the grid into the collectimg region. The curve
for the background at 2.5 psia indicates that after about 0.3 hour percent
exposure in a well treated can, the reaction of 616 with the walls and
occluded substances essentially stops as indicated by the fact that the
curve levels off at about this exposure. However, at the normal operating
pressure of 10 psia the background conbinually rises even though the
chemical reaction of 616 has apparently ceased., It is reasonable to
assume that this rising background ab 10 psia is due to beta particles,

rays, or both, coming from the successive radioactive disintegrations
of TXy (the decay product of Tp§). Beta particles and gamma rays coming
from material on the walls have a much greater range than the alphas and
will enter the collecting region at the normal opsrating pressure of
10 psia. This assumption also indicates how the background at 10 psia
can continue to build up after the T reaction products cease being deposited.

The alpha background is proportional to the enrichment and at
the normal operating pressure of 10 psia is less than 1 mv-for normal 616
and less than 10 mv for enriched material. All studies indicate that as
far as this sort of background is concerned, the useful life (%ime it takes

. for backsround to become equal to signal for 103 mol percent normal 616

of the can is possibly 100 hour percent or more. To increase the useful
life, the signal can should be well baked out and fluorinated; also, ex-
posure of 616 should be minimized in one of the two signal cans for the
purge cascade by using only at the lowest concentrations.

M
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It is our guess that the background due %o beta rays, gamma
rays, or both, will not zise more rapidly for enriched 616 than for
normal; on the contrary, it will rise at a slightly slower rate and will
not exceed 1 mv at 1 hour percent exposure; 20 mv at 100 hour rercent; and
100 mv at 1000 hour percent. Even if this background is proporticnal to
enrichment, it will not exceed 10 mv at i hour percent, wnach will correspond
to six months useful life for one of the signal cans opsrated as recom-
mended (see discussion on operating.conditions).

HE]
(¢) Effect of 0OA on Signal Can

, "The principal contaminant in the 74 at the top of the purge
cascade will probably be OA. A signal can at 709C was run for several weeks
at varying 616 concentrations with 2-4% OA present the majority of the time.

Under these conditions the backpround curve shown in Figure IV-4
was the sawe as when no OA was present, showing that the presence of OA
has no adverse effect on_the background. There is a measurable leakage
resistance of between 1010 and 1031 ohms across the 1FP=10 insuiators for
2 to 5% CA. However, the use of a 1007 feed back amplifier minimizes the
effect of this leakage, giving no apparent logs of_ sensitivity, -instability,
or zero shift of the amplifier even with an 8 x 1010 ohms input resistance,
At 5<10% QA the leakage does bescome sufficient to make measurements ime
possible; however, it is not anticipated that concentrations of this mag-
nitude will normally be reached.

(d) Effect of Temperature on Signal Can

It has been shown that the signal can may be operated at a
temperature as high as 709C without producing harmful effects such as

(1) Abnormal rate of increase of background due to increased
corrosion rate.

(2) Flow of plastic gaskeis producing inmward gas leakage.

(3) + Poor operation of preamplifier (only noticeable affect
‘was a small amplifier zero temperature coefficient).

(e) Accuracy

The absolube accuracy of the space recorder will be limited by
our knowledge of the following factors:

(1) Isotope enrichment of the 616. It is only necessary to
know increase in T24 which must be determinzsd by other
methods.

(2) vValue of the preamplifier grid resistor. The specifications

L}
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require that the absolute resistance value of this resistor

be nomn to within 5% and that the ratio of the resistance

of the 2 x 108 ohm resistance %o the 2 x 1010 ohm te lmown

to 24, Rather than employ the formula given in this report

for the sensitivity, it is possible to make a direct cal=

ibration by introducing a definite mixture of 616 in 74

into the can. .
s (3) Amount of recombination. With the use of the experimentally

determined recombination cur¥2 shomn in Figure IV-1, the error

from this factor should not ezceed several percent.

(4) Pressure and temperature of gas. The error dus to inexact
measurs of these quantities ehould be far less than the others
menticned.

The emission of elpha particles occurs at s vandom rate causing

. gome fluctuations of the signal with the smaller signals showing a greater

—

percentage fluctuation. Por a signal of 10 mv, the smallest signal which
we can measure conveniently, this variation will be £ 10%. There should be
no trouble in reading the mean of the fluctuations to within 253 of the
total variation, giving in the worst case a possible accuracy of 5% in

the reading of the total signal.

By far the limiting factor as far as accuracy is concerned
is the size of background relative to signal due to gas. In the next
section recommendations are given for keeping the background in the worst
cagse not greater than the minimum signal which will be expected. Even
under such conditions where the background is as large as the signal ib
should be possible to determine the gignal to within 10% if the back-
ground is checked at sufficiently frequent intervals. Perhaps once per
week will suffice for this measurement when the background is high.
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‘ “"It is’ recomnended that the Space recorder be normally
Operated at a pressure of 10 psia. Higher pressure decreases a
" 1ittle the bac&ground current’ due to alpha particles arising from

. eorrosion products, but will cat the flow slightly and hence lengthen’

‘the time response. With & flow of I nuers per rilnute measured ab
the pressure of the signal can, tha relmtion time of the can wi]l .

be approximately llh m:Lmrl'.esv.°

' 4 It:y .’:.s reconmended tha,t the temperature of t.he signal can
a.nd preanplifier should not a:ceed 60°C. R "

g
z x*"‘

For lcw concentrations of 616 a grid volta.ge qf 300 volts
N ., fecombination effects are negligibYe in:this range
ard the background ioriization current is séméwhat léss than it is
t ?50 -volts. “For higher concentratlans when.the amplifier signal ~
gx’ feeds 100" millivolts using the 2 x 108 ohm amplifier resistor the
grid voltage should be 750 volts in order that the effect of recomb:.—_
' n ‘in.ynized as much as poasibleo N : o S

TR

- AT
"'::,:‘*(*
T, \'Nr';y.‘

Ina.smucﬁ ‘as 'the *'ate of’increa.se of 1onization currenu
.a-§ignal’ can depends upon’the exsosure” ) which the can °

as béen subjected it is desirable to Hold the 'exposure to”a minimum
ing’ ‘the _presénce of Yow con- =

i+:4f"one_intends £o use the can for detect
""entrat:wn of 616° It is sugpested that the range of" analyses in
qa@g be diyided between the two signal cans and that the
% ‘ ag“at a any, con¢entration be roughly. inversely. _proportional
" $¥o. the ‘conténtratibn, Thus if one chamber is never used’ for concens
”tratipn}s “of "normal material sbove 0.1 mold; and.the timeg of running-™
~récorinéndéd in“Table IT followed, th"e"backgroum sﬁould not exceed
i ;ZO-millivolts in six months, T T : .
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The other signal can would be used for the higher concentra-
tions and if the can were never needed for low concentrations it could
be run for very long periods without necessary cleaning. Needless to
say, the background in the high conceniration can would be too great
to pernit the use of this can for checking the low concentrationr can,
at the lowest concentration. As long as the 616 is aporoximately of
mormzl enrichment, the rate of rise of background for long exposures
is xnown. However, for enriched 616 it is not certain just how fast
the background will rise especially for exposures above 1 hour percent.
If the supposition described previously for the nature of high backe
grounds at high exposures proves to be correct, then we should expect
the bagkground given in Table V for various exposures. This table
arbitrarily assumes that the enrichment is such as to give a 10 fold
increase of ionization current.

TABIE V~©

. Time of Continuous Operation
Yol concentration of 616 (enriched) 0,18 1.0% 10% Background
. (2 x 1040 ohms
grid resistor)

Exposure (hour percent)

100 1 month 1/2 week 1/2 day 30 v
1600 2.5 years 1 month . 1/2 wesk 100
10,000 ' 25,0 years 2.5 years 1 month 400

Thus the instrument could be run for at least six months at almosi any
concentration and the background would remain small enough to give
accurate analyses at concentrations above 10=2 mol percent of enriched
616 (signals above 1.0 volt) and approximate checks on the other can at
intermadiate concentrations. '

In the event that the explanation is not entirely correct,
the bagkground may rise more rapidly with exposure to enriched 616,

" Table VI shows that the maximum expectied backsround would be for tenfold

enriched 616 if the background rise is proportional to the ionization
current. .

TABLE VI
Time of Continuous Operation g
Mol Concentration of 0.1% 1.0% 10% Background

616 (enriched) (2 x 10V ohms
' grid resistor)

e
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TaB1F VI (Continued)

Pime of Continuous Operation

© 0.1% 1.0% 102 Backpround
(2% 10V ohms
grid resistor)

Txposure {(hours percent)

100 1 month  1/2 wesk 1/2 day 300 mv
1000 . 2.5 years 1 month 1/2 week - 1 volt
10,000 . 25.0 years 2.5 years 1 month 4 volt

(e) Measurement of Background

The background is measured by flushing out and filling signal
can with pure dry 74 to 10 psia (see next section for instructions). In
general the longer the exposure the less frequently the background need
be measured. In the case of the instrument used for low concentrations,
the background at the start should be measured every day or two until it
ceases to rise rapidly upon further exposure, vhich may take several
weeks. Then measurements once a week -should ve sufficient. Likewise
the background of the instiument for higher concentrations should be
measured every day or two for the first several weeks. Whatever the condi=-
tions are when the signal can is operating on a cell line, namely pressure
and grid voltage, they should be the same for background measurements.

The 7. used for background rieasurements should oe dried to a dew point

of <70°F. to prevent contamination of signal can walls with water vapor
which will react witlr 616 and increase background. By no means should 74
containing hydrogen such as is used for a reducing atmosphere in high
temperature soldering be used. \
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VI. MAINTENANCE

(a) Installing.ond Remvingswnai Can

After the initial installation, all parts of the mani-
fold in which there has been moist air and through which the gas o
stream flows must bs evacuated and flushed with dry 74 serveral
. * times. To begin with the inlet and outlet valves 17, 1€, 19,
3 and 21 (see Figure II-2) and valves 16 and 4O on the s:.gnal cc.n
o are closed. After the B-4 pumps and signal can ark in place and
e connected and valves 14 and 31 open, the section betwesn valves 17
and 16 is evacuated through the lines containing velves 13, 15, 43 -
; and 25; that between valve 40 and the outlet valves is evacuated T
: ' through the lines contzining the valves 26, 29, 23 and 25, A fore L
pump is 2131 that is necessary for this evacuatmg. These parts cof .
the system are flushed several times by admitting dry 74 to atmos- L
pheric pressure and pumping out. Then valves 13, 15, 48, 26, 29 ..
and 23 are closed, 16 and 40 opened, and the 74 in the signal can G
and manifold allowed to flow out through one of the outlet valves .
18-21. The B pumps may then be turned on, inlet valve 17 opened,

o

;‘ S - and pressure controller set to the desired operating pressure of

ey B 10 psia. Whenever the B-4 pumps are on, exhaust valves 14, 16, 40,
A 31, and any one of 18 through 21 mist absolutely be open. Neglect-— .
O . ing to do so may burst a B-L pump “bellows. ]
’ Bl ;

U .- In subsequent installations all lines will have been

ST previously filled with dry 7h up to connsctions 36 and 37 and capped;
the signal can then need only be connected, the 74 emptied into the
plant through 14, 16, 40, 31 and oné of 18-21, and the procedure from
then on contimied as d:x.rected above.

Before removing the signal can, it should first bs £illed
with the loviest concentration of 616 from purge cascade. Then valve
= 17 is closed and system emptied to as low pressure as is possible )
through one of the outlet valves 18-21. The controlling valve, 31,
mst be set open for this. The B~4 pumps are then bturned off and out~

e let valve and valve 1k closed. The system between 14 and the cutlet
ool valves including the signal can is then flushed several times admitiing
R 74 to atmospheric pressure through 15 and 48 and draining into plant.
e Jz=c . Finally this part of the system is filled with 7k to 1 psig, valves 16,
Wy 40, and 15 closed, the signal can removed, and the connections 36 and
AR 37 on the manifold capped. The above flushing reduces the 616 concen-

B " tration remaining in the signal can to less than 1 per cent of the con~
’ . centration of the last ges admitted to the can from the plant. This
same flushing procedure is to be used for obtaining background mcasure-
ments except the final pressure of 74 in the can 1s set at 10 psia. :
& .

The replacemen;c of a E—-L bump involves no more complicated ,
oo o procedure than that for removing and installing a signal can. After Toa
T the system is emptied to low pressure by closing 17 and the pumps

£"3
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turned off, valve 16 is closed and the system isolated between 17
and 16 flushed. v.ith dry 7. several times, Because of the high
resistonee to flow of the B-4 pumps when not running, the 74 is
admitted through both 13 and 15 and erptied back through 17 and
also through 16. After the punp is removed the connections 32 and
33 or 34 and 35 are capped.

(b) Pretreatment of Signsl Can

If precaution is not taken to pretreat the signal can at
the beginning and after cleaning, and to always use thoroughly
dried 74 in making background measurements, the backgrounds obtained
will be abnormally higher thai predicted and will even prevent meas—
wring low concentrations. = )

At the beginning and after every cleaning the signil can
mst be treated by baking to remove as much absorbed water vapor as
possible and by exposure to hot 216 to make the surface passive to
6L6. This treatment should be done on an auxiliaty manifold which
includes an oven into which the signal can can be easily placed,
fore pump, diffusion pump vith 3 speed of at least 5 litérs/sec.,
liquid 74 trap, and means for admitting snd pumping out 216 and admit-
ting dry 74. Needless to say, for this large can the trap and pump-
ing lines rmst also be large. The 216 must be pumped or flushed out :
with dry 74 through separate lines to a chemical trap or hood. .

Baking should be done at 70°C (not above since the plastic
gaskets then stuart to flow) and for at least 10 hours while continu-
cusly pumping to a pressure less than 10~% mm. The can is then
trezted with 216 at 70°C, using a mixture of 25% 216, 75% 74 at at—
mospheric pressure. A ireatment of 40 hours was found satisfactory
in tests made in the laboratory., After removing the 216 the can
should be £illed v.ith dry 74 to 1-2 psig for. transferring to the main
manifold. See Section V-a for installation instructions.

(c) Cleaning Signal Can

When the background hes become too high to permit accurate
analysis at the lowest concentrations, the can should be removed as
deseribed in Section V-a and washed thoroughly by circulating water ’
through it for an extended time.




