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Tahe literature reflects ever expansive studies of radiation chemistry
over the past twenty years. However, in the application of radiation processing

to chemical reactions, in general and excepting a few isolated cases, the

yields of useful products have been so0 low a3 to ﬁre-clude practical utilization,
Thus, for many reactions, radiation alone at ambient conditions is not a
sufficient agent for econocmical production. Hence, we are led to the investi-
gation of radiation effects on reactions at M _‘bmperaturea and pressures
vhere the thermodynamics favor more extensive reactions that nay be induced by
rediation, The probability of developing a successful practical radiation
process is increased when applying radimtion at ﬂ@mm conditions. To have a
commercisl advantage, a radiation process usually must replace sn expensive
catelyst system, generate a reaction at somevhat less rigorous conditions than
is usually employed or yield a better or unique product of high value. In our
investigmtions, ve have engi_rie_d_ only the po-te___x_a_t}g of radiation as & replace-
ment for contact catal;r.at.-

—
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For radiation processes at high temperatures and high pressures,

beta 2ay scurces inside the chemical reactors have distinct advantages over

the other forms of radigtion, es gemra, accele_rated electrons and hard X-reys.
Internal. beia sources afford a high level of radiation in the xeaction zone
Zrom & relatively small source. More then a hundred times @s many curies of

8 gumas eisltter, as Co-60, would be vegquired to give the same useful radiation
dose rate as ob’céined frca an intermal bete source. This is because beta rays
depoeit the bulk of theixr enmmlalong a short path inside the reactor vhere
it is neawded, as opposed to gemd rays which wastefully dissipate their encrgies
over long ranges in surroundings 2 with but a smaell fraction of the energy being
applied in the, reactor where needed. Another adfantage of beta sources follows
28 a corollary. That is, with most of the radlation reteined within the
reactor, the shielding problem is greatly reduced. The culy external radiation
1s & relatively minor amount of Bremstrahl\mg redistion that arises from the ’
- decelerating beta rays in the feactoro 'i'ne Bremgtrahlung jmdiatiqn usually does
not require extra shielding other than the metel structure of the reactor itself.
The advantages over machine generated radiation ere clearly that electron beams
from an accelerstor connot at all penctrate inside high piessure vessels or
reactors and machine X-rgys either dissivate most of their energy in surrbund-
ings like gamme rays, if they axe hard, or suffer serious@ttemxation by reactor
walls if tkey are soft, Also machine X-rays would require messive shielding.

Radiation Processing Apparatus

'The radiation processing unit, shown in Figure 1 is basically a high
pressuve, high temperature reactsr for benchescale experiments, in which beta
radiation directiy replaces contact catalysts, The vnit i1s designed for
operations to 1&%@3_93@. °C for either liquid, vapor or mixed phase
recactions, The cylind.ric,al reactor wall 1s 2-inch thick stainless steel. This




]
"i5 eoveloped by a 2-inch thick aluminum electricel heating Jacket and 2-inch
thickness of magnesia insvlation. This aséemb]y is within a 2-foot diameter,
3/8=inch thick -steel conta.imneni cell for protection against areal contenination
ia case of a high pressure ruz;turg. The éource shown consists of 90 curies of
81;-90, ¥-90, ia the form of Minnesota Mining and Manufacturing Ccmpany’e-
mmmm:ing ceramic microspheres, sealed within 485 hollow stainless
steel needles thai are cross-stacked within the reacﬁo,r. Chemicel reactents
are irrvadiated by mixing mough'the interstices of the stack of meedles by a
- magnetically driven recycle pump. The rveactants are initially pumped into the
.I reactor, | o |
 Strontiwn-90 was the pure beta emitter of choice for the source

; _A because of avgilability, relatively low cost and the 2.2 mev beta ray from the
deughter isotope, Y-90, can penetrate the k mil steel walls of the needles,

3M Brend redieting microsphexes was chosen &8 the form of radicactive material
because of high temperature stability and it is relati}rely chemically inert and
inscluble, 'The latter two are desireble properties in case of source leakage,

For this pariicular 90 curie source inside the assembly showm in
Figure 1, the Bremstrabhlung radiation atv the outer surface of the coantainment
cell was 30 mr/hr. At the normal operating area at the control penel about two
feet from the cell, the radiation is well belovw 5 mr/hr. Usually, the opezator
vas exposed to o more than 1 mr/hr, illus‘cratipg the safety and ease with vhich
i’ligb. intensity radiation experiments can bie, conducted by using beta sources.

‘In order %o be able to deteruine the G-vaiu._es (number of molecules
reaéting per 100 ev of radiation energy) for observed future radiation reactions; ‘
it is nécassary to kuow the radiation dose rate in the reactor space. Dosimetxy

'was first attempted by the Fricke mchod(‘?a), i.e., radiation induced oxidation
of ferrous' to ferrie ions in dilute sulfuric acid, Tiis system &id not work

. - 3 -




in the reactor duc to reaction between the reactor steel va.us end the acldic
solution. Dosimetry tests with aqueous solutions of methylens blue(a) likee
wise behaved abnoxmally, likely due to reactor wall effects.
Succeassful dosimetry for the 90 curie source was @ccomplished with
the non-aqusous 1oummmm, using procedures described in mfemce(a) .
The mtomtion of free radicals from the heptans,
followed by rapid combination of the radicals with iodine. The technique
employed was to measure the molecular iodine depletion from irradiated iodine-
heptane solutions a3 & function of exposure time. As presented in Figure 2,
the expected linear depletion ra.te(s) is observed vwhen the heptans is pre-
purified of traces of resctive compounds by a preliminary reactionm with iodine
in the irrediator reactor until the molecular iodine is completely used up.
Another lodine golution is then made with this radiation purified heptans for
the dosimetry measurement. Initial lodine comcentrations wore O.4 milligrams
pexr ml of heptane., Iodine mc@tmﬁm were measured with a spectrophotometer
at 520 m /{ wvavelength, where the molar extinction coefficient for iodine is 859,
Based on & G-value of 3.4 for iodine molecules sbsorbed upon irradi-
ation of the heptane solution(®), the following dosimeter relaticnship 1is

easily derived,
R = = 1630 x 108 ._h".%i. x de/at )

vhere ¢ is iodine concentration in grams/ml, t i{s exposure time in hours and R
1s the radietion dose rate in rad/hr.

The dosimetry measurements shown in Figure 2 yield the mean radiation
dose rate within the reactor space equal to 0,98 x 108 rad/hr. This is the rate

of radiation energy dissipated throughout the 100 ml of reactant liquid in the
reactor. During irradiation, most of this liquid i1s in the interstices betwean
the cross-gtacked tubular needles that contain the radicactive material.
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Tt 48 of intexest to determine the efficilency of this sourcs design

~i’cxc getting the boia radiation emergy into the reéctagn-b volune for processing.
Taking an average of 10% ev of energy per disintegration, one obtains ‘
12.0 x 10® ev/hr from 90 curies, From the dosimetry measurenent, the

0.98 x 10° rad/nr converts to 4.16 x 20°* ev/hr absozbed in 100 ml of liguid

having @ density of 0,684, Thus, the vadiation utilization efficiency for this

bete source design is 4.16/12,0 or 34.Th. Similar caleulaticns for germa
—
eources, for the useful fraction of overall radiation absoraed in reactor
volune, is several orders of magnitude less. Thus, internal beta sources have
a derinite W ovew vhich must have of\'bhe oyder
of more than ‘100 times as many cumes %o supply the same usef\ﬂ. radie:bion field, -
Tvrenty high pz'essure, high temperature egperimental yums (%o 5000 psi

at l&30°c) were conducted with the cross-sta.cked needle source before slight
1easage was obse Tved by monitoring Geiger countere situaiaea. on ‘he product .
lim.s from the reactor. Source disassembly revea.led tha'i; 'hhe Jeedles vere
ﬂattened 'by the pressure cpez'a.tions, It is suspected the:b flexion of the
shin metal walls on pressurizing and depressmdz;ng led to ‘stress~corrosion
and eventunlly scme cracking near the more rigld welded ends, pemittiiqg
leaksge of the 70 micron microspheres.

| A new beta source is currently wnder coné*’cruction, designed to

&/—’ .
batier withstand the cperational epecifications of 5000 psi at up to 500°C,

Tais source is made by swagling stainless steel tubing over gramulated strontiume
90 “itanete, forming a very hexd compaction iaside & tight metal sheoth.

Swaging x'edﬁces the tubing dlameter to T0% of the original packed tube diametor.
The compactlon corpletoly supports the thin metal m:l.l sgainst flexion under
pressuze which might lead to sirains and rupture, Thoréugh leak testing of
mock-up sources of coiled swaged tubes, containing non-radiocsctive 'stron’c;imn
titanate has proven thed this source design satisfies the above specifications,

and no deformation end no leekage occurs at reaction conditions.

-5a




' beyond, that cbtained by thermsl reaction alone.. Tuat 13, the hydrogen content

50144 stzontivm titenate is the chemical form of Tedicactive
mzcemal be vsed for ‘his gource because 4t is chemically inert, stadble
av.elevalted temperatures and bkas the proper campaction p‘mperbieq for swaging.
The presently plasned source will be a single coiled tuwbe, 13 £t. long, G ml
dlemeter with a 5 mil vall thiekﬁeés. It will contain 500 curies of strontiume
90 titemate. There will be oply two welded ends for the single tube source
whieh will be coiled to £it within the present remctor. Bacause of the high
specific activity of the redicactive muterial (32 curies fpez' gn), higner 'i'.oi.al
activity end improved source gcom,et,ry, 1t ie expected ’chat 5 %o 10 megamd/lm

dose rate will be aveilsble in the zeactor. o ' L

Resulis

Mogt of our radiation processing imvestigntions zo far beve been on

————————

the evaluatlon of beta radlation as a catalyst fox hydrogenatioa of coal extxact '

(50-80% c£ coal). Tnis hydrogenation reaction is of prime imtsrest because
such conversion of cosl, oz gross devivatives like extract, %o liquid fuels
coﬁl.d open up vasit new markets fdz! the coal indusixy, prcvided en economically
competitive process can be daveloned. If it could be demomsirated that radia-
tion would ;oromohe hydrogenation aufﬁciently for :radiation to zeplace relatively
expensive co_nte.cu catalyst, then the economies of the conversion proceas might
be improved, | | |

| We have vosked with coal exbract rather than cosl because 1t cam be
melied or dissolved to facilitate pumping into the processing unlt and, in general,
permits easier handling then e solid, From rumercus radiation rums With coal
extract in the liquid phase, treated with 5000 pel of hydrogen pressure,

temperatures up 1&30"0, and total dose of up to 6 megarnd, we have disgppoint-

ingly but conclusively observed that radiation does not Dot induce lxvdmmn_ation._ .

of the gross producis is no greater than for conma.rative nms with no radiation

-'6ﬁ ‘ : ’




ond with no catslyst. In confirmeticn of this, we have found no addition of
bydrogen to the aromatic bonds in coal model compounds, &8 methylnaphthalend
and biphenyl, which were treated under similer processing conditions. (Coal
156 largely aromatic in chemical styucture, hence the arcmatic model compounds. )
Thus, it seems definite that radiaﬁon does not promoie hydroéenation of
axomatic bonds to & practical emount.

Eowever, in spite of no significant increese in hydrogen addition
to the overall coal extract products, there was obsexved an w&
100 x 400°C boiling oils from radiation runs of 2 hour duratiom, at the lover
pressure of 1000 psi of hydrogem. . Occasionally, isolated pairs of radiation vs.
non-rgdiation runs indicated mb.rkedly improved yleld with radiation. However,
efter sufficient comparative runs were completed vo check the radiation yield aed
%o cbtain statistically signiﬁéant averages for such complex products as from
coal extract, it was found that the benefit of radiation in yield of distili.l;ble

g Zrom extract was w Compaxative hydrogenetion tests vers made ab
reaction times verying fxom 1 %o 6 hours, at 430°C. Averaged deta from ihe
distillation of the products from the runs, yielded the curves shown in
Figure 3. Tae difference in the curves, from 2 to ly hours is statistically
significent since the probable error is ¥ 1.3% yield. Note that the radiation
and non-radiatiocn curves reach the same asymptotic limit et 6 hours reacticn
time, It is like_ly that rediation is promoting only the rate of thermal hydro-
cracking of the extract and doesn't extend the limit of cracking fhat would
ultixﬁately occur by thermal radiation alone. This smell radiation induced
acceleration of hydrocracking alone is not deemed commercially attractive,

In the course of exsmining extract hydrogenatiom products (oils), it
was regularly observed that the 100° x 400°C boiling oil preducts from hydro-

genation-radietion runs had much less of the unwented hetero atouws, N, 8, than
e e e e T —

tha products from noneradiation runs. Relevant data are tebulated in Pigure 4,
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Removal of N and S from heavier hydro-oils is essential for subsequent catalytic
cracking to lover weight gnsoline frections. Cracking catalysts are easily _ |
poisoned by N and S. Thus , the hydroreﬁning of oils as derived from extract

by conventional catalytic hydi'ome further investigated with the 3
new source, as & promising application of radiation processing. These oils, a3
opposed to extract, will be mdiation»hydrogenauoﬁ processéd in the vapor.nhase

since it 1s expected that such rediation induced chain reactions are more ,
extensive 1o the vepor phase, Also, the radiation induced hydrocracking of
oils in the vapor phase is expscted to be more extensive than the cbserved
h:rdrocmékins of extract. The possibility will be exomined that both the hydroe
refining (removal of Nend S) snd the hydrocracking of coal-bydro-oils o lover

molecular weight oils may be cambined into a singlé st;ep ;'adiation process.
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FIGURE 2.

~_IODINE-HEPTANE DOSIMETRY OF THE
* _RADIATION PROCESSING REACTOR
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FIGURE .3

EFFECT OF RADIATION ON YEILD OF

100° x '400°C. OIL YEILD. (%)
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o FIGURE 4 |

RADIATION INDUCED REDUCTION OF
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