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ABSTRACT
The slow neutron transmission method of determining the hydro~
gen content of fluorocarbons depends on the fact that the slow neutron

cross section of Hydrogeh is much greater than the slow neutron cross

section of Fluorine and Carbon. Replacing 1% of the F atoms by H atoms

-

v
gives about a 10% change in neutron transmission for samples of the proper

thickness. Imp#oved accuracy and stability of the method has been
achieved by using approximately monochromatic neutrons from the Columbia
University Neutron Beam Spectrometer.

The neutron analysis method is simple, straightforward, requiring
little time and no operations on the sample., The method is capable of
giving answers to about 2 H atoms per 1000 (H 4 F) atoms for low H content v
samples., GControlled neutron energy is important because of the energy
dependence of the hydrogen cross section.

A cémparison of the results of this method with the results of
McBeel!s pyrolytic method for 23 of the samples shows‘tﬁat the agreenent
of 14 of the 23 semples is within the experimental error. There seems to
be a close correlation between the density and the specific refraction v
of a sample with {ts hydrogen content. There also seems to be sone
lesser correlation between the fluorescence, the sanple and the hydrogen

content,
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INTRODUCTION

A previous paper (A—l?lESl)was issued October 1943, describing
the results of the preliminary studies made at that time on the neutron
analysis method for H content. This paper developed the theory of the
method in detail and discussed the practical factors involved. Since
then the procedure and apparatus used have been considerably modified
and the effectiveness and reproducibility of the riéthod improved. Routine
enaglyses of fluorocarbon sanples are now being mede and it is the purpnse
of this paper to describe sonme of the changes in procedure and the more

recent measurements,

THEORY

The principle employed may be explained driefly as follows: a
collinated beam of slow neutrons is produced by uging & cyclotron, suit-
able paraffin slabs and B;0-Cd collinating tubes. Material placed in the
bean will scatter the slow neutrons and reduce the intensity of the trans-
nitted bean in an exponential fashion similar to the transnission of
light or x-rays through an absorbing mediun. If I, represents the
initial beam intensity and I represents the bean intensity after passing
through the sample, then I/Io = 4 where A is the absorption coefficient
of the sample. If the sample is conposed of several commonents (1, 2,
3, etc.), then the absorption coefficient is the sum of terms revresent-
ing the effects of the separate commonents. If O, represents the

anount of material in the bean in gm/cn2 of the 1P corponent and K,

’

(1) A-1212, Burger, L. L, and Rainwater, L. J., "Determination of Hudvegesiyi

1R-392, 1,6w6, 10/21/43,
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represents the mass absorption ceeffiecient in cmz/gn of the 1th component,
then A = PiKy ¥ P2K2_¥ -, if the material is uniformly distributed over
the area of the beam,

In precttce Béasnrepants: ake made with the fluorocarbon materials
in copper containers to give about 4 cm. thickness of oil in the besm. The
transmission of a standard fluorocarbon sample is measured by alternating
measurements with the standard in the beam snd a blank holder in the bean.
Considering only the ratio of the two intensities eliminates the effect of
the holder and the value of K, . for the standard fluorocarbon oil is
determined. By using a hydrocarbon material it is pessible in a similar
way to obta}n a value of’Kcne for a material of the type (Cﬂg)n. An im-
pure fluorocarbon may then, to a close approximation, be comsidered equiva-
lent to a mixture 4f the standard material and a hydrocarboa oil.

In order to express the magnitude of the effect we have con-
sidered the pure fluorocarbom o0il to be of the form (Clz)n. If »n i
erbitrarily set equal to 500, this becomes 050011000. Replacing a certain
number, O, of the 1000 F atoms by H atoms changes this to O500% (1000-o¢ )5
The results of these measurements are usualiy expressed by giving the value
of o which is equal to the H atoms per 1000 (E + F) atoms..

Since the cross section of a CH, molecule for slow meutrons is
about ten times the cross sectior of a CF, molecule (the exact factor
depends on the meutron emergy), replacing 1% of the F atoms by H atons
gives about a 10% change ir the cross section, If the total transmission

of the standard oil is about o"l, then the ratio of the intensity with

-5 - e
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sample in the beam to the intensity with the standard in the beam (cor-
rected to the basis of equal gm/cme) will be about 0.90 or a 10% effect

in transmission.

METHOD OF CALCULATING THE HYDORGEN CONTENT OF AN UNKNOWN FLUOROCARBON OIL

1. The densitiés of the stand#pd and of unknown samples of
fluorocarbon oils are measured and the cell thickness determined to give
the values of /c for the standard and the samples.

2. Transmission measurements are made alternating the standard
and a blank holder in the beam to obtain the value T , = transmission of

the standard material, From this K” = é.:lﬁ’ﬁ?_; is calculated.
st

3. Transmission memsurements are made alternating the standard
T
and a sample in the beam to obtain %Ei&;. Multiplying by T,y eives T , and

vrst
the values of K _ = (:}-‘-’5-—'11) is calculated.
sa, ( @ )
4. With the standard alweys in the besm a thickness of hydro-

carbon material is alternated in and out of the beam. The value

Kog = (=log T )
e ( P )CHQ

is calculatdd from the transmission reasurement,
5. TFrom Kst’ Kcﬂe. and K, the value of oC , which gives the
number of CH, molecules present for (1000 -p( ) CFo molecules, can be

conputed for

where the M's are the molecular weights of the substances.

-6 -
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In practice it has been found more convenieat to introduce the
cxperimentally determined quantity Rl (Kg, - Kst)/Kst and solve fora<, in

terms of R and the other experimentally determined parameters., After carry--

" 1ng through the algebra the final result is given by

(= 1000 R Kgt

Since ché and xst have been found to be constent when using monochroriatic
neutrens, a plot of o<:<vs R has been made and the value °fc*<f}s datermined
for a specified value of R from the graph (See Figure 1).

It should be emphasized that oL is a value determined relative
to the standard eoil used. If the standard oil contains hydrogen, the diff-

erence between the standard and the sample is what is measured.

NEUTRON ENERGY DISTRIBUTION AND NEUTRON DETECTION

The neutrons used for these measurements are produced in the
cyclotron by bombarding a Be target with deuterons, This produces fast
neutrons which are slowed in a paraffin fsource! glad to give an effective
source energy distribution containing all energies from the thermal region
(average 0.04 e.v.) to the fast neutron energies. When a BP3 proportional
counter is used as detector about 90% of the counting rate is due to
neutrons removed by Cd (energles below about 0,5 e.v.) while 10% 1s due
to slow neutrons of higher energies. The shape of the distribution in the
region of thermal energies, as well as the ratio of counts with and with-
out Cd, depends on the thickmess of the paraffin, the direction of the

incident fast neutron radiation, and several other factors. In the early

-1-
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measurements (see repért A-1212) the entire distribution of neutrons was
used to minimize the number of measurements and the time required to ohtain
a given statistical accuracy of counting. Measurements using just that
vortion of the neutron distribution removed by Cd (below 0.5 e.v.) were
2sually not made as twice as many separate measurements are required to
obtain a given answer and the length of each count for a given overall
statistical accuracy 1s increased.

In order to account for fluctuation and changes in the cyclotron
intensity 2 second slow neutron counter is used as a monitor. Thisg ig
placed in a position where the counting rate is vroportionel to the cyclo~
tron intengity dbut will not be affected by the presence of samples placed
in the collimated slow neutron besn., The rotio of detector to monitor
counts then corresponds to detector counts per unit time for =2 source of
constant intensity.

Using the entire neutron distribution from the source slab hag
the following disadvantages:

1. The hydrogen cross section is devendent on the neutron
energy and increases with decressing energy. Since the shspe nf this
distribution is nnt easily reprnducible =nd is nnt stable over a period
nf time, the values nf Kst and, KCHQ are not very reprnducible,

2. In passing through a sample, the "soft" (low energy)
radiation is more rapidly removed than the %hard" components sn the qual-
ity nf the r=diatinn reaching the detector is dependent nn the asbs-rber.
This means that the effective K values will depend strnngly nn the nature

»nd thickness ~f the materisl in the besan,

-.8‘
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3. The ratio (KCHE/KSt) will be rmch smaller for the complete

distribution than for thermal energy neutrons alone,

YELOCITY SELJTOR METHOD

It is evident from tvht zbecve discussion that the ideal metlicd
of measurenent would use monochromaiic neutrons of low emergy teo obtain
reproducible values for the Ks and ns large a value 25 pr3sibles fr the
ratio (Kcﬂa/xst). Since a slow neutron velocity spectrometer srstenm has
been developed at Colunmbia 1u connectinn with other work i1t has seemed
desirable to use it for these neasurements.

The principle of operation nf this device is as: folicws: The
cyclotron arc is normally kept off but is turned on for an interval of
Ty microseconds once in every cycle of T microseconds. Within a few
microseconds of this burst the deuterons are accelerated to strike the
Be target and the fast neutrons given off, reach the paraffin slab, are
slowed down and leave the froni ¢f the pareffin slab with the energy dis~
tribution discussed above for cnntinuous opersation. Thus a burst of slow
neutrons emerges from the paraffin slab almost siﬁultaneou; with the arc
pulse. The slow neutron detector, situated at a distance (5.8 meters)
frod the paraffin slad, is made normally insensitive over most of the
cycle except for an interval of duratioh, Tp, at a time, t, after the
arc pulse. The slow meutrons detected must have the velocity v = IZt and
will thus be of known energy. For the purpose of these measurements, a
value of Ty = 200 microseconds, Tp = 800 microseconds and T = 3000 micro-
seconds has been chosen., Measurements were nade using widely different

timings, t, to see if the same results could be obtained using widely differer.t

..._2—..
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neutron energles. It was found that the agreerment between measurenents
using different energy monochromatic neutrons always gave the same re-
sults within the accuracy of the measurenent even though KCHQ differed
by a factor of 3 in the extreme measurenents.

Since K i is alnost independent of the energy over a wide

range, the sensitivity of the method will be proportionsl to KCHg and
it is ruch better to use low energy neutrons. The neasurements have now
been standardized to use a timing of 2300 microseconds between the cen-
ters nf the arc and the detector nodulation intervals. Although the
distribution obtained is not strictly monochromatic, 1t is nearly enough
so to be quite rependucidble and the quality of the beam remains essen-

tially unchanged in passing through the sanple.

EFFECT OF A DIFFERENT C-F BATIO

Since the cross sectica of F ig smaller than that for C and its
atomic weight is greater, there is a change in Ksa produced by chedging
the C-F ratio as well as dy changing the H content. This effect should
be unimportant for oils made by similar processes but should be men~
tioned for completeness. For an increase in the F/C ratio of 0,10 the
effect is the same as for a decrease in H content of one H atom per
lOOO-(H 4+ F) atons. Thus the results are a factor of 50 less sensitive

to a change in the F ratio than to the H ratio.
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SAMPLE MATERIALS

The gaterial tested was largely regular C-2144 production by
both liquid phase and vapor phase methods. Measurements on these samples
were made as part of a testing program for The Kellex Corporation and for
U.S.E.D. In addition, several special samples were tdsted including some
for Pr. Burford in connection with the retreatment studies made at Johns
Hopkins University.

GD-1336 and GD-1337 were prepared from GD-1335 (Lot 39) by
treatment with AgFo,

JHI-M, -N, ~A2, ~-B2 were prepared from Lot 45. The former - «o
by treatment with 20% F,, while A2 and B2 were reacted with F, in the
presence of GoF3.

JHL-C2 was prepared in the same manner except that the starting

material was Lot LY, - S am e e bR e R

~

Y Ainag,

AN 11 2 S

Lot 3-1, Drum 9, was 2 (-816 sample which had been found to

T

Leact with C-616 causing plugging of barrier. Subsequent chemical analysis

4 :
& -
showed sufficient water present (0.011% by wt.) to account for the plug- .
&
ging. This quantity would not contribute significantly to the observed {¥
sfﬁq??ﬂfsgﬁ;* Rl R g g RS mew,wg«w“" d}g

The reference material for the samples in the latter part of
the table was GB-903. This was an early vapor phase product which had
been retreated with CoF3. This was known to be low in hydrogen content
and for these measurements it was assumed that this material was pure
(CF5),. The earlier standard contained some GD-902 which was shown to be

nearly identical., As the results given by the neutron method indicate

- 11 ~
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only a difference in hydrogen content, it should be emphasized that values
reported are relative to GD-903. If GD-903 contains hydrogen, then the
values reported will be low by this amount.

Densgity measurements were renutred for calculation of hydrogen
values., These measurements were made by Division III of SAM using a
25 cc. pycnometer at 25.0° C. and should be accurate to about 0.1%.
Division III of SAM also cooperated in this work by takiang care of the
samples and changing samples in the holders. The neutron measuremehts
were nade by the Columbia University group using the cyclotron and thc

associated Neutron Velocity Selector equipment,

RESULTS

The results are summarized in the Table, Colurmn I lists the
0il sample and the method of preparation. (V = vapor phase, L = liquid
phase.) Column 3 gives c/&_: H atoms per 1000 (H-+ F) atoms. (On this
scale a pure fluorocarbon hasc¢§‘w 0 while a pure hydrocarbon hasoK:La
1000.) This number times 0.O44 would be the average number of H atoms
per molecule if the molecular size is taken as 022th' Negative values
indicate less hydrogen than the standard, GD-903. If there is a greatly
different C-F ratio, a small effect may be due to this. Column Y is cal-
culated directly frmagK:on the assugption that the atom ratio is of the
forn (0500151(100O ) Hoc_).

The remaining columnqhist other significant analytical con-~
stants for the oils, Columns 5 and 6 list the specific refraction and
the relative fluorescence of the oils as determined(e) by SAM Division

(2) D-R40, Burger, L, L., "Rapid Determination of Hydrogen,* L/9/hs,

- 12 -
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I1I. Column 6 gives the % H by weight obtained by Dr, McBee'd pyrolytic

method. Values followed by p were reported by Purdue and those followed

by 4 by duPont using the Purdue apparatus. Samples of the other oils
tested were sent to duPont but the results were not available here at
this writing.

For the measurement of most of the sampdes a standardized
technique has been used snd a single calidbration curve has been found to
be suitable. The following values have been determimed for these cozndi-
tions!

Kg = 0.1492 cn?/gm

Kcnz - 1&.80 cmelgm

y<- 1389 R
(12.1%5 + R)

For the value . A = 80 whizh is the order of magnitude of most

of the liquid phase samples, the slow neutron transmission of the sample
is less than half that for the stuandard. The changes observed were thus
changes of a factor of 2 or 3 rather than a few per cent. Forc7<C= 10
(average for the vapor phase production) the effect is about 10%.

In Figure 2 the density is plotted against the value of the
H content from these measurements, Figures 3 and 4 similarly plot the
specific refractivity and fluorescence as functions of the H content,
These curves are given for comparison., A more complete descriptien of

this work is given in reference 2.

- 13 -
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Data on viscosity, vapor pressure, and H,0 centent were ob-
tained frem The Kellex Cerporation Laboratories for a mumber of the
samples. Plots of these gquantities vs. H content showed no correla~
tion, however, and were discontinued. The C-616 residue test likewise
showed no correlation. Actual residue tests show 4(\0.001 en. TH per
gm. of oil whereas the value, for OX= 110, weuld be 1.6 gn. TH, per
en. of oll for a cemplete reaction.

From Figure 2 it can be seen that, for oils produced by a
standard process, density is a fairly reliable indication of the H content.
Those oils manufactured by the vapor phase method have a somewhst higher
density as well as comsistently lower vrlues for the H content. To show
the maegnitude of the demsity chnngs %» be expected from simple consid-
erations a calculation was nade zssuning a simple mixture of (1000 @cfcr)
nolecules of (Cl‘a)n forcff:_nolcwules of (CHa)n. The separate densities
are taken as 2,05 gn/cem© and 0,80 gn/cm®, respectively. The dotted line
gives the predicted slope which sgrees reasonably well with the effective
slope of the points. The extreme dissgreement between the standard,
GD-903, and the retreated sample, JHL~B2, indicates the degree to which
materials receiving widely different treatments with about the same H
content can vary in density.

In Figure 3 specific refraction is plotted against H content.
Theoretically this should give good correlation and it is seen that the
points in this plot come closest to falling aleng a straight line. The

dashed lines are theoretical lines showing the agreement of the measured

-
-
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and predicted slopes. The results for the vapoer phase oils fall nearly
into line in this plot., JHL-M, JHL~-N and JHL-A2 sppear to have allow
specific refraction., This might be explained by the presence of HF which
was detected in these samples but not measured quantitatively.

The per cent H by weight determined by McBee's method agrees
in most cases with our values. In general our values are slightly high=»
for those samples contalniag large amounts of H and slightly lower fur
material of low E contemt. On thc basis of the assigned error, the
agreement is within the experimental error for 14 of 23 samples for
which we have data. The time remuired for amalysis of a sample by the

neutron method is of course very much less.

/5 /2
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TABLE OF RESULTS AND COMPARISONS
- nsit °<g [ Specific | Fluerescence by Wt.
* 3ample 25°G.1 1ooom by Wt.! Refraction |Let 47 = 100 Analysis
! 5vd (GD<g902| 2,075 0.00 | 0.00 - — -
= (6D-903
t ot 3-1,Drum 1.838| 544 0.020 - 1 -
GD-12T4 L | 1,980} 55 + 6 0.23 - -— 0.21
Lot 13 L 1.970| 66 4 6 0.28 -— - -~
22 L 1.970| 827¢ 6 0.35 0.1062 86 315
30V 2.050{ 5.5 + 3 0.022 .1016 27.5 052
91 1.974]| 824+ 6 0.35 .1061 93 <35
2L 1.985| 57 4 6 0,24 L1045 72 .22
Ly v 2,045 54 3 0.02 1018 38 Ol
45 1 1,965| 85 & 6 0.36 .1065 98 .36
47 1 1.963| 84 &+ 6 0.36 .1066 100 .36
49 1 1.999} 43 £ 6 0.18 .1033 52.5 .18
50 L 1.987| 62 4 6 0.26 .1049 65 .25
51 L 1.988| 60 4 6 0.25 .1048 69 .25
Std GD-903 | 2,077 0.00 | 0.00 0.1025 1 -
Lot 34 V 2,047 4 0.016 .1019 27 -
3V 2.047 6.1 0.025 .1019 60 0.04 a
U6 v 2.038 T3 0.10 .1028 46 0.08 4
60 Vv 2.037 23 0.10 .1032 65 0.11 4, 0.10 &
68 Vv 2.041 18 0.075 .1025 u3.5 —-—
72 L 1.977 80 0.34 .1057 95 -
T4 L 1.971 101 0.k .1079 112 -—
715 L 1.974 88 0.38 .10%9 93 -
76 L 1.974 a4 0.36 1059 92 -
717L 1.983 69 0.29 L1047 80 -
78 L 1.983 67 0.28 1047 57 0.26 a
9L 1.973 gl otu1 .1078 112 -
80 L 1.965 97 0.42 .1075 112 0.38 a
81V 2.040 11 0.046 .1022 o4 0.065 4
82V 2.031 P 0.10 .1024 L5 0.07 &
83 L 1.964 104 0.U5 .1078 113 0.39 4
gh L 1,961 109 0.48 .1078 124 -
85 L 1.965 99 0.43 .1071 125 -
86 L 1.968 91 0.39 .1069 125 —
89 V 2.039 8 0.032 .1020 - -
90 V 2.041 10 0.042 .1021 - -
91V 2.041 12 0.050 .1022 - -
92 Vv 2,046 7 0.030 .1018 - --
ID13351L | 1.974 90 0.3 .1061 93.5 -
1336 2.002 33 0.1 .1030 39 0.15
1337 2.002 32 0.13 .1032 29.5 0.12
JHL-M L 1.969 95 0.41 .1062 69 0.34 d
JHL-N L 1.977 78 0.33 .1053 u7 0.23 4
SHI-A2 L 1.995 uy 0.20 .1030 13.5 ~--
JHI~B2 L 2.0 Y -0.014 .1001 3 -
JHL-C2 V 2.0 -3 -0.012 .1010 1 -
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