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INTRODUCTION

The objectives of the prbject reported below are to provide more informa-
tion regarding solvent radiation damage for the Thorex program and permissible
irradiation levels for solvents used in processing power reactor fuels.

Amgco 125-82 has been selected for use in the initial studies. It is a
diluenf typical of the types commonly used in fuel processing and raw materigls
processing, so any information regarding the number and kinds of its consti-
tuents and their physical and chemical properties should be of general useful-
ness. .1t was decided that the Amsco 125-82 should be fractionated into its
pure components, both major and minor, and that these pure components should
be investigated individually. In this way the nature of the Amsco will be more
closely defined, and unnecessary complexity in the interpretation of irradia-
tibn results will be avoided. The major components will be studied first, with
work on the minor ones following as time permits.

.The project should be considered on a time basis as consisting of three
periods. .The first period is the interval from January 1, 1957 to June 15.
Period 2 is the interval from June 16 to September 15. Period 3 is the inter-
val from September 16 to December 31, 1957. On the basis of the scheduling of
manpower to the project, approximately 25 per cent of the effort was.expended
during period 1; 50 per cent will be expended during period 2; the remaining
25 per cent will be expended during period 3. The high concentration of ef-
fort during period 2 is attributable to the fact that a senlor scientist and a
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student assistant are working full time, and the project director one-quarter
time, during this period, which includes the three summer months. ' '

-This report summarizes the accomplishments of period 1 of the project.
DISCUSSICN

The accomplishments of period 1 include acquiring x-ray equipment with
which to perform the irradiations; setting up the x-ray unit and building a
shielded box in which to house the high-intensity x-ray tube; measuring the
x=-ray tube output; and constructing a distillation column and fractionating
several liters of Amsco 125-82 diluent, which was chosen as the first material
to be studied.

X-ray Equipment

A GE x-ray diffraction unit power supply, model XRD-5 and accessories was
chosen for the project work because of the high continuous power output of the
unit. The x-ray tube is a shielded Machett OEG-60 end-window tube capable of
operating continuously at 50 KVP and 50 Ma, and giving an estimated dose rate
of 2 x 106 r/min. The XRD-5 unit will operate continuously at the 2500 KVA
required by the tube for maximum output.

Irradiation Set-up

A lead-lined 1/4 in. thick box having internal dimensions of 17 1/2 in. x

17 1/2 in. at the bottom, and 23 1/2 inches in height was fabricated and modi-

fied to hold the x-ray tube in a vertical position, with the end-window point-
ing down. -Holes with off-set shielding were provided for experimental lines.
Approximately half of the shielded x-ray tube protrudes from the top of the
box, thus leaving ample space insgide the box for experimental equipment.

X-ray Tube Output

The x-ray output is 0.24 watt. The output has been measured using both
a ferrous ammonium sulfate-sulfuric acid dosimeter and a ceric ammonium sulfate-
sulfuric acid dosimeter. A direct calorimetric measurement of the output is
planned, but will not be charged to this project, since it is felt that agree-
ment between the two chemical dosimeters gives reasonable assurance of the

accuracy of the tube output measurement.
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A G value of 14.8 was used for the iron dosimeter, and of 3.2 for the
cerium dosimeter. The accepted G value for the iron dosimeter using air- or
oxygen-saturated solutions is 15.5. However, work done by Dr. E. L. Alexander*
using four Machlett OEG-60 tubes has shown that a value of 14.8 is the correct
one under the conditions employed, namely, stirring in the presence of air.

The G value rises to the accepted value of 15.5 when oxygen is bubbled through
the solution during the irradiation. There is considerable disagreement among
workers as to the correct G value to use for the cerium dosimeter, but the mode
seems to be about 3.2. This value is in agreement with the value obtained by
Dr. Alexander, who has made a direct calorimeteric measurement.

-Fractionating Amsco 125-82

A distillation column having a L4 feet high, 3/4 in. i.d. rectifying section
packed with glass helices, and a three liter still pot was constructed for this
part of the-work. A careful distillation at atmospheric pressure of two liters
of Amsco 125-82 failed to separate its thirteen or so components into any less
than five or six components in each fraction. Vacuum distillation was shown by
Mr. W. Baldwin, ORNL Chemistry Division, to effect more complete separation.
-Distillation of another two liters of Amsco at 48 mm Hg pressure produced frac-
tions containing only two or three components, with one major component in most
cases. -These fractions are currently being redistilled to effect their further

separation into pure components.
CONCLUSION

The objective of the first period of the project has been to finish those
Jobs which would agsure that optimum use of time during the large summer period
would be achieved. This objective has been met. Progress made during the sum=

mer months will be reported as requested under the contract.

fDr. Alexander, formerly of Knolls Atomic Power Laboratory, is now with Georgia
Tech, and consults daily on this project.
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I. INTRODUCTION

The objectives of this project are to provide more information regarding
solvent radiation damage for the Thorex program and permissible irradiation
levels for solvents used in processing powef reactor fuels.

Amsco 125-82 has been selected for use in the initial studies. It is a
diluent typical of the types commonly used for extractants employed in fuel
processing and raw materials processing. It has also been used as a heat ex-
change flulid in equipment exposed to high radiation fields. Therefore, any
information regarding the number and kinds of its constituents and their phys-
ical and chemical properties, especially with regard to the effects of irradia-
tion, should be of general usefulness.

It was decided that the Amsco 125-82 should be fractionated as nearly as
is practicable into its pure components, both major and minor, and that these
pure components should‘be investigated individually. In this way the nature of
the Amsco will be more closely defined, and unnecessary complexity in the inter-

pretation of irradiation results is avoided.

-1~



Annual Report No. 1, Project No. A-323

II. EQUIPMENT
The principal pieces of equipment employed in this research have been the
Xx-ray apparatus, a gas chromatograph and several distillation set-ups. Some
speclal apparatus has been fabricated to fill special needs. These pieces include
a brass irradiation cell and a glass cold trap for volatile radiolysis products.
Finally, general analytical equipment such as infra-red and ultra-violet
spectrometers has been used more or less routinely.

A, X-ray Apparatus

A GE x-ray diffraction unit power supply, model XRD-5 and accessories, was
chosen for the project work because of the high continuous power output of the
unit. The x-ray tube is a shielded Machlett OEG-60 end-window tube capable of
operating continuously at 50 KVP and 50 Ma, and giving an estimated dose rate
of 2 x lO6 r/min. The XRD-5 power supply will operate continuously at the 2500
KVA required by the tube for maximum output.

A box lined with 1/4 inch thick lead and having internal dimensions of 17 1/2
inches x 17 1/2 inches at the bottom and 2% 1/2 inches in helght was fabricated
and modified to hold the x~-ray tube in a vertical position, with the end-window
pointing down. Holes with off-set shielding were provided for experimental lines.
Approximately one-fourth of the shielded x-ray tube protrudés from the top of the
be, thus leaving ample space inside the box for experimental equipment. Figure
1 shows the x-ray power supply and the lead-lined box containing the x-ray tube.
The gas chromatograph is shown on the right-hand side of the photograph. Figure
2 1is a close-up shot of the inside of the box showing the x-ray tube entering from
the top of the box. The irradiation cell is shown held in its normal position.

The micro-switch which shuts off the power to the tube whenever the door to the



Figure 1.

Irradiation Set-up.
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Figure 2. Interior of Lead-Lined Box.




Annual Report No. 1, Project No. A-323

shielded box is opened is shown in the upper left-hand corner of the pilcture. The
pieces of light-colored tubing supply water to the small glass condenser which re-
turns condensable vapor to the irradiation cell during irradiations. The condenser
is needed because the temperature of the end of the x-ray tube reaches an estimated
60 to 70°C. At this temperature the vapor pressures of the liquids being irradiated
are not negligible.

B. Gas Chromatograph

The priméry analytical tool used for identification of the components in both
the sample of Amsco 125-82 and in the radiolysis products obtained by irradiating
purified cuts of Amsco 125-82 has been a Perkin-Elmer model 154-B Vapor Fractometef°
In this instrument a sample mixture of gases or liquids is introduced into a carrier
gas stream which transports the sample into a column. Each component appears at
the column exit at a different time where it i1s detected by a sensitive thermal
conductivity gage. Recording the detector output provides a series of peaks, the
area of each being proportional to the concentration of the component producing it.
The "retention volume" (time multiplied by carrier gas flow rate) serves to iden-
tify the component.

The principal variables in the use of the gas chromatograph are the type of
column packing and the temperature of the columns. The carrier gas flow rate is
a variable of secondary importance. Degree of response of the thermal conducti-
vity gage 1s directly related to the difference between the thermal conductivities
of the carrier gas and the component being analyzed for: the larger the difference,
the greater the response for a given amount of the component. Table I lists the

thermal conductivities of some representative substances.
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TABLE T

THERMAL CONDUCTIVITIES'

Conductivity, (BTU/ft.2.sec)
for (1° F/in.) temp. gradient

Substance 0°C 100°C
Benzene 2.08 4.12
Hexene 2.44 4.36
iso-pentane 2.88 5.08
n-hexane 2.88 ————
n-pentane 2.96 -——
Ethyl ether 3.08 5.24
n-butane 3.12 5,40
iso-butane 3.20 5.56
Carbon dioxide 3.540 5.32
Propane 3.48 6.04
Argon 5.88 5.09
Ethene L .ok4 6.4k
Ethane L .2k T.00
Ethyne 4 40 —-———
Nitrogen 5.60 7.20
Oxygen 5.68 7.40
Methane 7.00 (9.7 extrapolated)
Helium 33.6 39.9
Hydrogen 40,00 54.6
Cyclohexane i 3,80
n-heptane e 4,12
Ethyl alcohol —_ 4,96
Water vapor S 6.36

Note: Conversion Factor: 1.24 X English System = Metric System.

Tobtained from Ch. E. Handbook, 3rd. Ed., pp. 461.

From this table it is apparent that helium is a good carrier gas for almost
any gas but hydrogen. When hydrogen is the substance being analyzed for, it is
desirable to use argon gas as a carrier. The inert gases make good carriers be-
céuse of their relatively slight affinity for the stationary phase in the columns.

The columns used are typically made of l/h inch tubing and are about two me-

ters long. Column packings are generally of two types: vapor-liquid partition
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and Vapor;solid partition. Didecylphthalate-coated crushed firebrick exemp-
lifies the first type; molecular sieve, the second. The former is useful for
separating fairly high molecular weight hydrocarbons; the latter, for separating
light gases such as hydrogen, oxygen, carbon dioxide, methaﬁe, nitrogen, et. al.

In the work done to date molecular sieve columns have been used to separate
and analyze for hydrogen and methane using argon carrier gas. All other hydro-
carbons are analyzed for using an appropriate vapor-liquid partitioning column
with helium carrier gas to increase the response for these substances of moderate
thermal conductivity.

It was found that when gas samples of greater than about 10 ml (STP) were
introduced into a four-meter molecular sieve column (two 2-meter columns in
series) the resulting peaks were not symmetrical, but were badly skewed and often
had flat tops, making identification by time of peak emergence impossible. This
problem was surmounted by modifying the column so that entering gas samples passed
first into an enlarged section of column about k4 1/2 inches long and 5/8 inch in
diameter before entering the main body of the l/h inch diameter column. TUsing
this column modification no trouble was experienced using a nominal 25 ml sampler,
which was the largest gas sampler available.

At small gas sample volumes (volumes less than about 1 ml) a problem of
another sort arose. The method of construction of the gas sampling attachment
is such that the system contains a dead volume which is filled with gas during
every sampling operation. This volume must be added to the volume of the cali-
brated (see page 27) gas sampling loops if accurately known gas volumes are to

be obtained.
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Liquid samples may be obtained and analyzed reproducibly by using the
Perkin-Elmer Micro-Dipper Sample Introduction System. The liquid sample is
drawn into a glass capillary dipper of the desired size by capillary action, and
then forced into the sample introduction attachment and the instrument system by
a stréam of carrier gas at a slightly higher pressure than that in the instrument.

C. Special Apparatus

Two important pieces of equipment had to be fabricated fof this research.
These pieces are an irradiation cell and a cold trap for collecting volatile
radiolysis products.

The x-ray beam is composed to a large extent of low energy photons (10-30
KV) which do not penetrate a liquid sample deeply. It was desirable, therefore,
to design an irradiation cell which would provide continual stirring during
irradiation. 1In addition, since gaseous radiolysis products were known to be
formed it was necessary to provide an outlet for them to prevent pressure build-
up and to make it possible to trap and analyze them. The x-ray tube, as shown
in Fig. 2, is mounted with the beam comlng vertically down into the irradiation
cell. To prevent loss of gaseous products around the end of the x-ray tube, and
to prevent air from leaking in, a fairly large pressure must be exerted on the
irradiation cell to hold it up tightly against the tube. This pressure was
sufficlent to crack a glass cell which was otherwise satisfactory. A brass
cell has been fabricated which meets the requirements mentioned above but which
must be coated with polyethylene to prevent dezincification whenever acidic
dosimetry solutions are put into it. Despite this shortcoming, the cell has
been used for the work reported here, and has proven to be satisfactory. It is
likely that this brass cell is not the final answer, however, and a stainless

steel irradiation cell is being considered.
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During all irradiations to date, a stream of argon gas has been continuous-
ly bubbled through the irradiation cell. The argon is introduced through an
arm of a gas lift-pump fastened to the bottom of the irradiation cell. In this
way. continuous stirring of the liquid being irradiated is assured. Flow rates
of argon of 2 to 5 ml per minute have been used. Flow rates are kept low to
keep down argon dilution of the volatile radiolysis products (especially hydro-
gen and methane), Figure 3 gives dimensions of the cell, and clearly shows the
lift-pump arrangement.

As the argon moves out of the irradiation cell it carries with it a steady-
state amount of radiolysis products as well as a very little of the high-boiling
érganic liquid sample. All gases which liquify at the temperature of tap water
are returned to the irradiation cell by the packed condenser shown in Fig. 2.
The remaining gases pass out of the lead-lined box into the glass cold trap
shown in Fig. 4. The cold trap is normally held at the salt-ice mixture temper-
ature (about -20°C). Four or 5 ml of the liquid being irradiated are placed in
the cold trap and the gases bubbled through it to ensure that gases condensable
at -20°C are actually cooled to that temperature. In addition to previding gocd
thermal contact with the gases and a cold reservoir for heat uptake, the liquid in
the trap also provides a non-reactive solvent for the gases, reducing their vapor
pressures by a colllgative as well as a thermal action., Finally, sampling the
cold~-trapped compounds is an easy matter, and an almost unlimited number of sam-
ples for the gas ch romatograph méy be taken from 4 ml of solution: (An order-of-
magnitude calculation serves tc show that no significant radiolysis product will
be missed because of excessive dilution by 4ml of diluent: the beam output

17

caught in the sample is about 8 x 10 eev./secn; in 25 hours a total of
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Figure 4. Cold Trap.
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7.2 x 1022 e.v, will have been absorbed, so any radiolysis product with a G

value of 0.0l or greater will be present in the cold trap liquid at a concen-

tration of about 7.2 x 10°° x 107 x 107°x 292X x L5 = 0, 005 M. Ona

mole fraction basis this amounts to about 0.0006 mole fraction, or around 60
parts per hundred thousand. The gas chromatograph has a limiting sensitivity
of around 1 part per hundred thousand),

D, ©Still Description

The general method of attack in separating the components of Amsco 125-82
has been distillation and then redistillation of selected cuts of the initial
distillation. Four large-scale distillatioms (1.5 liters) of Amsco 125-82 have
been run. .The cuts from those four distillations which were richest in the
component desired to be separated were combined and redistilled. The large-
scale distillations were carried out in a 5/8 inch diameter column. The small-
scale distillations of the combined cuts (150-300 ml) were carried out in a 1/2
inch diameter column. The smaller column, of course, reduces the hold-up as
well as the through-put. The major components of the distillation set-up are
the stand and support, the column and heat Jjackets, the reflux head, the heat
control system, and the vacuum system,

The stand and support for the column and accessory equipment are con-
structed of half ihch iron pipe in a lattice pattern.

The column itself is shown in Fig. 5. It is constructed of three con-
centric pyrex glass tubes of successively larger diameters. The inner tube
serves as the distillation column and contains the packing. The next tube
serves as the heating element support and provides a dead air space between

the heating element and the distilling column, The outer tube provides a

-12-
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Figure 5. Distillation Column.
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protective cover for the other tubes and the heating element and provides a
dead air space between the heating element and the column surroundings. The
three tubes are held together as a unit by packing asbestos tape between the
tubes at each end. This also serves to make the dead air space more effective
by preventing air circulation. Small holes are provided in the outer tube to
allow entrance and exit of the column heating element leads. The inmer tube
is provided with projections on the inner surface near the lower end to sup-
port the packing.

Several columns of this general design have been used in this work. The
only variations have been in dimensions and packing. All of the inner tubes
are constructed with ground glass Joints at each end for the attachment of
the still pot and the distilling head.

The different column packings that have been used are case-hardened 3/16
inch single turn pyrex glass helicies and #2116 and #2117 nichrome, Podbielniak
Heli-Pak packing. The glass helicies were used until the more efficient Heli-
Pak packing was obtained. Although the Heli-Pak packing seems to be much more
efficient, it presents greater operating problems. Flooding is particularly
hard to prevent.

"cold finger" condensing surface which

The reflux head is composed of a
drips directly over a take-off stopcock. There is also a standard taper Jjoint
by which a thermometer with a standard taper plug may be introduced a few in-
ches above the packing just before the condenser. The distilling head is fit-
ted to the inner tube of the column by means of a standard taper joint. The
plug in the take-off stopcock is of teflon and has been modified for accurate

control by notching. This teflon plug has the advantage of requiring no lubri-

cant. Ordinary stopcock greases are somewhat soluble in hot Amsco.

“1h-
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Thg reflux ratio is measured by counting the drops of liquid condensing
off of the "cold finger" condenser tip per minute and the drops of liquid from
the take-off arm per minute. It has been determined empirically that 20 drops of
hydrocarbon is equal to approximately 0.6 to 0.7 ml. The reflux ratio is deter;
mined for a given through-put by carefully adjusting the take-off stopcock until
the desired ratio is obtained. The reflux ratio that has been used is ~ 30 to 1.

The heat input to the column is through two sets of nichrome wire windings
around the intermediate glass tubing. Each set of windings covers two feet of
the packed column and contains approximately 25 turns with a total resistance of
45 ohms for each set. The voltage to each winding is controlled by a separate
variable transformer. The purpose of these column heating coils is to balance
the heat losses from the inner distillation tube and make it effectively adia-
batic.

A careful distillation at atmospheric pressure of two liters of Amsco 125-82
falled to separate its seventeen or so components into any less than five or six
components in each fraction. Vacuum distillation was shown by Mr. W. Baldwin,
ORNL Chemistry Division, to effect more complete separation.

Qualitatively, as has been noted, the cuts from the preliminary distillation
of Amsco 125-82 at atmospheric pressure did not contain less than five com-
ponents per cut. However, distillations at a pressure of 16 mm Hg produced cuts
from the initial distillation of about three components per cut. Due tc the
better results obtained at 16 mm Hg pressure, all subsequent distillations have
been run at this reduced pressure.

The vacuum system used consists of a Cenco Presovac 4 pump, a Todd type
pressure regulator, a standard U-tube mercury manometer, a surge tank, and an

oil trap.

=15«
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The Todd pressure regulator using mercury has a range of 2-50 mm Hg with a sen-
sitivity reported by the manufacturer of * 0.0lmm Hg. The fraction cutter is main-
tained at a pressure slightly below the column. This makes the take-off rate con-
trol somewhat easier to set at very low flow-rates.

There is an optimum through-put rate at which the column operates smoothly. If
the heat input to the still is increased slightly the column floods; if the heat in-
put is reduced there is practically no reflux. The through-put is determined by
counting the drops from the "cold finger" condenser per minute and converting to
ml/minute by the conversion factor above. The through-put rate on the large column
(5/8 inch x 4 feet) is approximately 5 ml/minute and the through-put on the small
column (1/2 inch x 4 feet) is approximately 0.5 ml/minute. Both of the above are
for Podbeilniak #2117 packing. It is realized that the above types of determinations
are not extremely accurate, due mainly to internal reflux and condensatidn other
than on the "cold finger". However, they do give operating parameters with which
to work.

The basic control for the whole column for a given take-off and pressure is, of
course ,the heat input. It is desirable to make the column as adiabatic as possible;
that is to put just enough heat into the jacket surrounding the distillation column
to balance the losses by radiation and convection. An estimate of the heat input
necessary to accomplish this can be made fairly accurately.

Heat is put into the apparatus in two places: the still pot and the column.
The heating elements that have been used for the various still pot sizes are glas-
col heating mantles. The voltage control into the still pot mantle is provided by
two variable voltage transformers in series. The transformers are hooked in series

in order to get a fine voltage adjustment to the still pot heating mantle.

-16-
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Since little is known about the individual components of Amsco 125-82
no calculations can be made concerning the various column efficiencies. It is
possible however, to infer from the results that the columns used are quite
efficient, even though nothing quantitative can be said about their efficiency.
As a general rule, components boiling within one to two degrees centigrade of
each other will require approximately 100 theoretical plates to effect a 95
percent separation of the high boiling component.

E. General Analytical Equipment

In the identification of a saturated hydrocarbon having a molecular weight
of the order of 170 to 194 (Cjp to Cj)) about the most useful property is the
infra-red and near-infra-red absorption spectrum. The information provided by
the absorption spectrum, along with an accurate molecular weight determination,
may be sufficient to reduce the number of possible structures to an lsomer gz-two
in favorable cases. The lack of functional groups makes other standard identifyiné
tests of very little value. Time of emergence from the gas chromatograph has
considerable value for identification purposes at low molecular welghts, where
isomerization is not so extensive, but great caution must be used when the chance
for many very similar compounds to be present exists. It is quite possible, for
example, for a straight chain compound to emerge coincident with a highly branched
compound which has two methylene groups greater molecular weight.

In this work a Perkin-Elmer model 21 recording spectrophotometer equipped
with sodium chloride optics and prism has been used fairly extensively. Sodium
chloride sample cells with a nominal 0.022 mm sample thickness have been used.

In addition to the infra-red spectra a Beckman model DK-2 automatic
recording spectrophotometer has been used to record the ultra-violet absorption

spectra of the hydrocarbons both before and after their irradiation. In
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Annual Report No. 1, Project No. A-323

running these absorption spectra matched quartz cells having a 1 cm path lerigth
have been used for sample and blank. Iso-octane has been used for a reference
liquid as well as for an inert solvent for the hydrocarbons, which are too
optically dense in the ultra-violet region to be analyzed undiluted. Concen-
trations of between 20 and 200 grams of sample per liter of iso-octane have been

used successfully.

1.8«
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III. LIKELY COMPONENTS OF AMSCO 125-82

It was stated by J. H. Goode in a Progress Report on "Extraction Reagent
Performance", for the period from October 1956 to January'l957, that Amsco 125-
82 is made from the polymerization of butenes and pentenes., Using this in-
formation, a number of inferences can be drawn about the products which might
be formed. These are given below. Additional information has been requested
from the American Mineral Spirits Company to enable more accurate conclusions
to be drawn about relative amounts of components which are probably formed.

A, Assumptions

1) The composition of the mixture of butenes and pentenes was not re-
ported. It was assumed that all possible isomers of both butene and
pentene were present, and that the polymerization was acid-catalyzed.

2) Of the possible carbonium ions from a mixture of the isomeric butenes
and pentenes, the most stable and the most reactive would be the ter-
tiary butyl and the tertiary amyl carbonium ions.

References: (i) Whitmore, "Chem. and Eng. News", 26 668 (1948). (ii)
Ipatieff and Schaad, "Ind. Eng. Chem.", 37, 362 (1945).

In the copolymerization of isobutylene with propene in the presence
of phasphoric acid, no more than a trace of the product (2,4-dimethyl-
pentene) which would be formed by the addition of the isopropyl car-
bonium ion to isobutylene was found. The products (2,2-and 2,3-
dimethyl-x-pentene) found were formed by the addition of the t-butyl
carbonium ion to propene.

(iii) Whitmore, et al, JACS, 63, 756 (1941).

G
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In the copolymerization of isobutylene with 2-butene, in which
equimolar quantities of tertiary butyl and sec-butyl alcohols at
64° in 75 per cent sulfuric acid were used, the formation of the pro-
ducts found could be explained on the basis of the addition of the
t-butyl carbonium ion to either isobutylene or 2-butene. None of the
products which would be expected by the addition of sec-butyl carbonium
ion to iso-butylene or 2-butene were obtained.
The addition of a carbonium ion to an ethylenic double bond would fol-
low the Markownikoff rule, That is, the carbonium ion would add to that
carbon of a carbon-carbon double bond which has the greater number of

hydrogen atoms.

.Reference: Royals, "Advanced Organic Chemistry", Prentice-Hall, Inc.,

p. 21k,
A number of olefins were eliminated as intermediates on the basis that
the addition of a t-butyl cation or t-amyl cation to the olefin would

be unlikely because of steric hindrance,

‘Reference: (1) Whitmore, et al, 63, 2035 (1941).

Of the isomers present in triisobutylene, no product was found
which would have been formed by the addition of a t-butyl cation to
2,4, 4-trimethyl -2-pentene (c-%—c:g-c), which is formed in about twenty
per cent yield in the dimeriz;tion of 'isobutylene.

(ii) Whitmore and Meunier, JACS, 63, 2197 (1941),
In the dimerization of tetramethylethylene in_the presence of

eighty per cent sulfuric acid, none of the products found correspond

to the simple addition of a carbonium ion formed from the tetramethyl-

.ethylene to another molecule of the tetramethylethylene.

-20-
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None of the possible carbonium ions from the octenes, nonenes, and de-
cenes were used in predicting possible addition reactions with the
isomeric butenes and pentenes as it seems that the yields would be
quite low.

Reference: (i) Whitmore, et al, 63, 2035 (1941).

Of the products present in triisobutylene, ninety per cent of the
products (two dodecenes) can be accounted for by the addition of t-
butyl cation to 2,4,4-trimethyl-1-pentene. The other ten per cent can
be accounted for by the addition of the tertiary carbonium ion

c ¢
(c~%—c—£+), formed by the addition of a proton to 2,4,4-trimethyl-1-
¢

pentene or 2,4,k-trimethyl-2-pentene, to isobutylene,

Some Intermediates, which would be formed by the addition of t-butyl
or t-amyl cation to l-butene or l-pentene, were eliminated as it seems
likely that the yields would be low.
Reference: (i) Brooks, "Ind. Eng. Chem.", L1, 1694 (1949).

In the copolymerization of isobutene with l-butene, 32.7 per cent
of the products could be accounted for by the addition of the t-butyl

cation to l-butene whereas 56.3 per cent of the products could be ac-

.counted for by the addition to 2-butene, which could be formed as fol-

lows:

c=c=-Cc-C + H+ﬁ c-g-c~c — c-c=c-C + g,
The presence of isomeric decanes in large amounts in Amsco 125-82 does
not seem likely as the initial boiling point in the fractionation of
Amsco at atmospheric pressure is 167°. Only one (3,3-dimethyl-k4-

ethylhexane) of the decanes most likely to be present has a boiling
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point (170°) higher than 167°. Two other decanes, 3,L4-dimethyloctane
and 2-methyl-3-ethylheptane, have the same boiling point, 166°., Also,
the molecular weight determinations of the first large fraction (#2-5)
give an average value of 173.k4, whereas the decanes have a molecular
weight of 1k2,

8) The presence of isomeric undecanes does not seem likely as it is not
possible to form an .eleven carbon hydrocarbon by any combination of
any of the isomers present in a mixture of isomeric butenes and pen-

tenes,

B. _Probable Components

1) C,, hydrocarbons
(i) 2,2,4,6,6-pentamethylheptane

(]
[

g
C-?—CqC-C- =C
C

Q-0—-0

(ii) 2,2,3,4,5,5-hexamethylhexane

c
i
C=C=C

=C=C=C

0O=0-0

C15 hydrocarbons

(1) 2,2,3,4,6,6,-hexamethylheptane

(i1) 2,2,3,4,5,5,-hexamethylheptane

=22~
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(i1i) 2,2,4,6,6-pentamethyloctane
c-¢-c-Cnc-c-Cc-C
c c
Clh hydrocarbons

(i) 2,2,3,4,5,6,6-heptamethylheptane

Fe89y

C-C*C—C*C—?—C
1
(¢ Cc

(i1) 2,2,3,4,6,6-hexamethyloctane

T3
C-C~C—?-C—C
c

7
c-¢-
c
(11i1) 2,2,k4,5,6,6-hexamethyloctane
18
C-g-C-Cmlugc-C
c c

(iiii) 3,3,4,5,6,6-hexamethyloctane

C-C—?-C—C*?-C—C
(¢ (¢
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IV. EXPERIMENTAL
The experimental work has been largely in the three sreas of calibrating
the x-ray and gas chromatographic equipment, analyzing the Amsco 125-82, and
performing irradiations of purified representative hydrocarbons.

A, X-ray Dosimetry

The basis for all the dosimetry work reported here is the series of calo-
rimetric determinations of the energy output of a Machlett OEG-60 tungsten tar-
get end window tube made by Dr. E. L., Alexander, In his determinations a known
fraction of the tube output was absorbed in either water or o-xylene. Using
standard calorimetric procedures he was able to show that the accepted G value
of 15.5 for the oxygen-saturated ferrous sulfate-sulfuric acid dosimeter was
valid to within a possible error of 10% for the radiation from that tube. It
was important to establish that this was so because a large fraction of the
photons from the Machlett OEG-60 x-ray tube are of energies lower than those
for which the G value of 15.5 had been demonstrated to be valid., Further ex-
periments have shown that a G value of 15.2 1s the correct one to use when the
dosimeter solution is ailr-saturated rather than oxygen-saturated.

Calibrations of the brass lrradiation cell were made using the ferrous fon
dosimeter, Since these experiments were made under ailr-saturation conditions
the G value of 15.2 was empioyed in the calculations. The presence of sulfuric
acid in the dosimeter solution made it necessary to coat the brass irradiation
cell with polyethylene to prevent .acid attack (dezincification), The volume of
hydrocarbon used in this work has customarily been an accurately measured 30
ml. -For this reason 30 ml of dosimeter solution was chosen. This procedure

ensured a constant depth of solution in the irradiation cell, (It was recognized
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that for the soft, non-homogeneous radiation from the x-ray tube used a given
depth of agqueous solution does not absorb the same fraction of the x-ray beam
as the same depth of organic liquids. A correction based on electron density
and on measured fractional beam absorption in various thicknesses of dosimeter
solution has been made and is presented in section IV. D. below.)

The total x-ray tube beam power was found to be Q.25 watt by irradiating
a volume of dosimeter solution which was so large that an increase in either
depth or diameter caused no measureable increase in the equivalents of iron
oxidized in a given time. Thirty ml of dosimeter solution in the irradiation
cell was then shown to absorb energy at a rate of 0.12 watt. From this it is
evident that about 50% of the total x-ray beam is absorbed in the irradiation
cell., That part of the beam which is not absorbed is primarily from the high
energy portion of the beam and so a disproportionately large fractional increase
in dosimeter solution volume would be required to contain, say, 75 per cent of
the beam. Because obtaining useful volumes of purified hydrocarbons is one of
the major problems in this work, increased beam absorption at the cost of con-
siderably increased sample size did not seem profitable and was not pursued. |

From the foregoing it is seen that the dose received by dosimeter solution

0.12
0.0%0 ~

one hour. The dose received by the same volume of organic liquids is somewhat

in the irradiation cell cannot exceed 4 beta watt-hours per liter in

less because of a lower electron density.

B.__Gas Chromatograph Calibrations

The gas chromatograph 1s a quantitative analytical device if it is cali-
brated under carefully controlled conditions for each substance for which it is

used., Variations in response caused by changing carrier gases are so pronounced
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that calibrations are valid only for a specific carrier gas. (This follows
qualitatively from the fact that response is related directly to the difference
in thermal conductivities of the substance being analyzed for and the carrier
gas.) Small changes in column temperature or in flow rate of carrier gas are
intolerable because they alter the time of emergence of the substances passing
through the instrument and so make identification based on time of emergence
impossible., In addition, calibrations must be made using sample sizes not very
different from those to be used during the actual analysis.

Although the gas chromatograph is supplied with gas and liquid samplers
made by.Perkin-Elmer, it was soon found that the nominal gas sampler volumes
were considerably different from their true volumes as determined by weighing
the amount of mercury each would hold and then dividing by the density of mer- '
cury., Table IT lists the nominal and the true volumes of the gas samplers.

The dead volume in the sampling attachment (see page 7 ) and the volumes of two
homemade samplers are given for completeness,

The gas sampling attachment of the gas chromatograph is used primarily for
taking periodic hydrogen and methane samples during the course of an irradia-
tion., For this reason, the instrument has been carefully calibrated for these
two gases. The necessary calibrations required that each gas be sampled using
several of the gas samplers, and that these samples be run against argon car-
rier gas, which is used as sweep-gas during irradiations. The conditions of
temperature, pressure, and flow rate were chosen to produce a large signal from
the thermal conductivity gage and to permit a sample to be run in 5 to 10 min-
utes. Temperature and pressure corrections were made on the sample volumes so

that the number of moles of gas which produced a given instrument response could
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\

TABLE IT

GAS SAMPLER CALIBRATIONS

Description Volume-r
(ec)

De&ad volume 0.099
P-E nominal 0.25 cc 0.29%4
Homemade nominal 0,50 .cc 0,603
Homemade nominal 1,00 cc 1.031
P-E nominal 1.00 cc 1,487
P-E nominal 5.00 cc 5.272

P-E nominal 25,00 cc 23,31

fAt room temperature,

be calculated. From these date 1t was possible to plot a graph of instrument
response (expressed as the area under the curves produced by using the output
from the thermal conductivity gage to drive a recorder) versus moles of gas.

The column packing used for these calibrations was molecular sieve. Be-
cause the 25 cc (nominal) sampler is used routinely to take gas samples during
irradiations it is necessary to use the modified molecular sieve column to pre-
vent peak distortion., (See page 7 ) .For this reason the calibrations were also
made using that column.

The hydrogen calibration curve, along with the condltions of analysis listed
according to the convention adopted in this work, 1s given in Figure 6., The

cgllibration curve for methane 1s shown 1n Figure 7.
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The convention for listing column operating conditions is as follows:

Carrier gas tank pressure
Column pressure
Conductivity gage voltage
Flow meter reading, in cm
Column tempersture
Temperature setting scale
Column description.

~ O\U1 W
e e e e e e

The column description, item 7, is given by listing first the number of
colums used (the instrument will accommodete either one or two .colums), sec-
ond the length of a column, third a letter indicating the column packing, and
fourth, special modifications, if any. Thus, "2-2 meter-MS-1M" means that two
molecular sieve columns each of 2 meters length, and embodying one modification
were used,

At present the gas chromatograph 1s being calibrated for use with liquid
unknowns in the five-carbon to eight-carbon atom range. Studies made so far in
this work indicate that most of the light radiolysis products other than hydro-
gen and methane will be in this range.

C. _Characterization of Amsco 125-82

There are at least seventeen components in Amsco 125-82. These components
give the average properties shown in Table III.
1. Density
The density was determined by pipetting 25 ml of the Amsco 125-82 into
a tared weighing bottle at 24.,2° C,

2. Boiling Range

The range obtained during distillations at atmospheric pressure has

been used here,
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TABLE IIT

PROPERTIES OF AMSCO 125-82

3.
by
5.
6.

Density: O0.7468 g/cm5 2h,2° C.

Boiling Range: 165 to 210° C. (atmospheric pressure)

U. V., Absorption: Considerable absorption between 300 and 220 mp

Bromine Test for Unsaturation: Positive

Potassium Permanganate Test for Unsaturation: Negative

Average Molecular Weight: 184 (this value is probably about five units low)
Hydrogenation Test for Unsaturation: O0.76 mole per cent unsaturation; based
on Avg. Mol., wt. of 184

Formation of Urea Adducts: Negative, indicating & high degree of branching
Iodine Number (Hanus Method): 2.4 gIE/lOOg Amsco 125-82

Refractive Index: 1.41767 at 30° C, using Ne D line

5.__U. V. Absorption

Ten ml samples of Amsco 125-82 dissolved in 25 ml of iso-octane run

against an iso-octane blank gave high absorption from about 300 mu to 220 my,

going to nearly complete absorption at 220 mu.

4, Bromine Test

Tests with a two per cent bromine solution in carbon tetrachloride

indicated & smell amount of unsaturation.

5. Permenganate Test

Tests with a 0.5 per cent aqueous solution of potassium permengsngate

were negative for unsaturation.
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6. Molecular Weight Determinations

~Molecular weight determinations by the freezing point lowering method
were made on the Amsco 125-82, and on known samples of iso-octane and l-dodecene
as checks on the method, Both benzene and cyclohexane were used as solvents.
Cyclohexane gave better results on the known samples, Therefore, the molecular
weights given below were determined using cyclohexane. Iso-octane gave a value
of 111 as compared with the calculated molecular weight of 114, and l-dodecene
(Matheson, Colemen and Bell) gave a value of 163 as compared with the calculated
molecular weight of 168, Molecular weight determinations on Amsco 125-82 gave
a value of 184, This value may be four or five units low, indicating strongly

that at least one fourteen-carbon-atom component is present.

(. _Hydrogenation
The determination of the amount of unsaturation in Amsco 125-82 by

measuring the amount of hydrogen absorbed, using PtO, as a catalyst, by a

2
sample of Amsco, gave a value of 0.76 mole per cent unsaturation using a mole-
cular weight of 184 for Amsco,

8. Urea Adducts

The treatment of Amsco 125-82 with a saturated urea-methanol solution
does not yield a urea~hydrocarbon adduct, which indicates that the hydrocarbons
present in Amsco . are highly branched,

9, Iodine Number

Jodine numbers were determined by the Hanus Method, which is based on
the reactivity of an iodine-bromine species rather than the iodine-chlorine

species which is used in the Wijs Methods. An average value of 2.4 was obtained.
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10. Refragtiye Index

A refractive index value of 1.4167 was obtained using the sodium D
line in a refractometer thermostated at 30° C, Refractive indices taken on
impure cuts from the distillations ranged from 1.4134 to 1.4207. These measure-
ments seem to provide a sensltive parameter for distinguishing between hydrocar-
bons,

A gas chromatograph of Amsco 125-82 is shown in Figure 8, The envelope
(indicated by the heavy line) which the instrument draws has been resolved into
the individual peaks shown by assuming the peaks to be symmetrical, This as-
sumption 1s valid to.a very good approximation. Figure 9 is an infra-red spec-
trum of Amsco 125-82,

D, Irradiation of 2,2,4,6,6-Pentamethylheptane

On the basis of conclusions drawn in section III (beginning on page7 ) of
this report a likely component of Amsco 125-82 is 2,2,4,6,6-pentamethylheptane
(to be referred to hereafter as PMH), This compound can be made in good yield
by . catalytic hydrogensetion of commercially avallable triisobutylene, Even if
PMH itself is not present in Amsco 125-82, it must be so similar to the con-
stituents of Amsco that a study of its radiation chemistry should be directly
useful to this work,

Severel hundred milliliters of triisobutylene were hydrogensted and frac-
tionally distilled to obtain about 100 ml of PMH of greater than 95%vpurity
(purity was estimeted using peek areas obtained using the gas chromatograph and
assuming mole per cent to be proportional to peak area)., The time of emergence
of the PMH coincided with that of one of the pesks of the Amsco which, along

with the inferences of section III, lead to the tentatlve assignment of the

=335~
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formula of PMH to the Amsco constituent in question. Further work with infra-
red analyses have not confirmed this tentative assignment, however, and the
identification of the unknown Amsco pesk is in question.

Four irradiations of PMH have been made to date. Two of these irradiations
have been for about 25 hours. The other two were for shorter periods, These
irradiations have yielded data from which G values of 1.15 have been determined
for H2 production and 0,78 for CH# production. Volatile radiolysis products
have been cold-trapped and analyzed with the gas chromatograph. Iodine numbery
ultra-violet light absorption, infra-red energy absorption, aﬁd refractive
indéex have been determined, and all have been found to increase upon irradiation
of PMH, with the exception of infra-red absorption.

The G value determinations are based on the calibrated response of the gas
chromatograph to hydrogen and methane, and the energy absorption correction re-
quired to convert from energy absorbed by aqueous dosimeter solution to energy
absorbed by an equal thickness of PMH, The assumption which must be made to ap-
pPly the energy absorption correction is that the electron density of a substance
is the primary determinant of x-ray stopping power,

To illustrate the method of determination of G values the following example,
chosen from the third irradiation, 1is cited.

Exemple of G Value Determinations
Conditions: 50 KVP, L5 Ma; argon sweep-gas flow rate 2,46 ml/min;
duration of irradiation 195 min (3 hrs and 15 min);
30 ml sample of 6,5 mm depth; brass irradiation cell;

744 .3 mm Heg barometric pressure; 26-27° C,
Procedure; The x-ray is turned on and the timer is.started.
After 30 to 60 minutes the rates of hydrogen and
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methane evolution reach their steady state values.
This is verified by analyzing for He and CH& in the
argon sweep-gas every few minutes. When several
successive sweep-gas samples show the same H2 and
CH& pesk heights, the areas under the peaks may be
measured (generally with a planimeter), and the
moles of H, and CHM present in the sample determined

2
by reference to Figures 6 and 7.

Hydrogen Production

a) Area under H, peak = 6é5 sq. in.; from Figure
6, moles Hy = 7.23x10 ; calibrated volume of
gas sampler = 23,3 cc,

b) Volume of argon sweep-gas through cell during
irradiation = 0,0175 cu. ft. as measured with wet
test meter; this becomes 478 ml of argon when cor-
rected for the vapor pressure of water,

c) Argon flow rate through irradiation cell and gas
sampler = 478m1/195min = 2,46 ml/min

d) Rate of H, evolution = 7,25x10’6 x 2,46/23,3
7,66x10”72moie/min, or 7.66x107" x 6.02x10°>
1+,62x1017 molecules Hg/min

e) Rate of energy absorption by 30 ml (6.5 mm deep)

1]

il

of dosimeter solution as determined by Fe+2 equi~

valents oxidized = h,56x1019 e,v,/min,

__Thkog/1 electrons
f) Electron density of PMH = T70g/moTe 98 eeuTe

1 %1}
2 6,02x1025 molecules _ 2,56x1026 electrons

mole. liter
g) Electron density of dosimeter solution = 3038x1026
.electrons/liter
26
2.56x10

h) Electron density ratio =

sz = 0.76
3,38x10 :
This means that a one cm depth of PMH has the

same x-reay beam absorption as 0,76 cm of dosimeter
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solution, From this it follows that the 6.5 mm
PMH sample depth would absorb the same fraction
of the beam energy as 0,76x6,5 = 4,95mm of dosi-
meter solution,

i) Figure 10 shows how energy absorption, as mea-
sured by ferrous lon oxidation, varies with depth
of dosimeter solution. Values from the curve show
that 6,5mm gives .1.006}(3.0—lL equivalent Fet? oxi-
dized per hour, while 4.95 mm gives 9ﬂ7x10"” equi-
valent Fe+2 oxidized per hour. Therefore, the

fraction of the beam absorbed by 6,5mm of PMH is

oHly 9. 7x10-4 - 0.9
10,6x10"
j) The rate of energy absorption by 6.5mm of dosi-
meter solution is 4. 36x1019 e,v./min; the rate
of absorption by 6.5mm of PMH is 0,92xkh,36x10 P
= 4,0x10"7 e.v./min, 17
X @ velue B - L4,6x107 " molecules/min,x100 - 1.15

e 4.0x10%7 e.v./min
Methane Production
a) Area under CH) peak = 0,90 sq. in,; from Figure

7, moles Cﬁh = 4,91x10"

b) Rate of CH) evolution = 4.9x10 -6 g;”g 5.2x107 1
nele/nin, oF 5.9%10 %600 %1050 = 3, 10%1000

molecules/min,
(combines steps b, ¢ and d above)
c) Rate of energy absorbed in PMH = 4,0x107 e.v./min,

(taken from value obtained in steps e, f,
g, h, i, and j above)
d) @ velue for CH, = 3.1%x10+7 molecules/min, x100
. ;J.,;)-;. S

= 0,78
4, 0x10 A4 e,v./min

Volatile radiolysis products have been cold-trapped using a glass spiral
immersed in a dry ice-alcohol bath., A small smount of liquid was trapped us-

ing this method. A gas chromatograph was run on the liquid, and the result
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is shown in Figure 11. From this curve it appears that a significant amount of
the PMH is vaporized from the irradiation cell and carried off with the argon
sweep-gas., In addition to the PMH peak, which emerges at 11.5 minutes, there
is a smaller peak which comes through after only 4.1 minutes under the condi-
tions shown., This peak has not yet been identified, but it seems likely that
it represents a hydrocarbon molecule of less than eight carbon atoms. In ad-
dition to the small peak at 4.1 minutes, there are minor peaks at still shorter
times which suggest radiolysis products which are even smaller than eight-carbon
atom compounds. (These statements as to the approximate size of the radiolysis
products are based on data obtained subsequent to December 30, 1957, and so do
not properly belong in this report. The data will appear shortly in the first
quarterly report for the contract period January 1, 1958 to December 31, 1958.
As a matter of fact, use of the new cold trap discussed in section II. C. has
made possible the trapping of nearly 20 radiolysis products, and present work
is directed toward their identificationm.)

Todine numbers are a useful measure of unsaturation in a compound. It
must be recognized, however, that their first use was in the emplirical com-
parison of unsaturated fats, Their adaptation to the gquantitative measure-
ment of unsaturation is an extension of thelr original use which must be con-
sidered carefully for each class of compounds for which the adaptation is to
be used. In the simplest, ideal case the iodine number may be converted
directly to number of double bonds per molecule of pur