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Abstract
The (‘TC13 and CTBr3 working molecules were synthesized, anc laser

construction, photochemistry, and process engineering for T/D recovery began during this

reporting period.
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I. Introduection

The past reporting period marked significant progress in tritium recovery
experimentation. Tritiated chloroform --4 bromoform were synthesized, an ammonia
laser for selective photoiysis was constructed, the gas chromatograph product analysis
system was completed, and initial photochemistry experiments began. [n addition,
ehemical engineering studyv of the overall proeess commenced. Chloroform still appears
to be a totally suitable working molecule for tritium recovery by selective infrared
photolysis.



II. Synthesis of Monotritiated Working Molecules

CTE,

Several new inventory samples of tritiated trifluoromethane were synthesized
emploving either the gas phase UV or the Pt catalyst technigques described
previously.m Purified C’l‘F3 was abtained by suecessive distillation. (Run 30, see

Table 1.
£TCl,

The intial attempts to synthesize tritinted chloroform iavolved the same noble
metnl eatalysis technigues emploved in (“'I‘F3 synthesis, There was positive evidence
for ("I'Cl3 formation using & room temperature, gas phnase CDC13/T2 mixture
interfaced with a platinum catalyst (Run 17) based on the product infrared speetrum, but
an unidentified major peak at 1030 c-m-I nrevented definitive identification,
Apparentlv some (possibly pure} (""I‘("I‘.i formed with PBrClslTZ/pIatinum for short
reaction times {* 1 day, Rupn 20); 2 more complex set of products was formed during

longer runs (% days, Run 18},

Ultraviolet irradiation (18494 and/or  253TR)  of FﬂrFlﬂ/T., mixtures
produced many unidentified producis, with little, if any, CTC,. fnitially, the UV
photolysis kinetics scheme here was thought to be similar to that used in producing

PTFa, withs
CBrCi3+hv*CCI3+Br Y

CCly +7,+CTCl, + T, (2)

3 2

However, & mueh more complex reaction mechanism is clearly required to explain the
results vis-a-vis the (':’[‘F3 case. This is because the C-T, C-Cl and C-Br bonds have
nearly equal strengths, whereas the C-F bond is significently stronger; consequently, the

mechanism involves many more competing reaction channels.
When platinum or palladium is used as the catalyst as sbove, the T, adsorbs onte
the catalytic surface and dissociates into atoms, while the orgenic eompound remains

essentially in the gas phase. If an adsorbant material, such as a common laboratory
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TABLEL

Run* Intended Reagents

no. Product (t = torr) Conditions Remarks

16 CTF3 20t CF3l/67t To Pt/6 days CTF3 formed, much
SiF4

17 CTCl3 15t CDCI3/56t Ty Pt/6 days Evidence for CTCl3,
unidentified peak at
1030 em-]

18 CTCly 22t CRrCl3/63t Ta Pt/5 days CBrCl3 consumed,
many products, CTCl3?

19 TFy 15t CF3l/10t T9 Pt/24 hours Little product

20 CTClg 15t CBrC13/63t Tq Pt/25 hours Less reaction, than Run
18, evidence for CTCl3,
especially in distilled
product

21 CTCly 15t CBrCl3/63t To 18494+25374/64°C/ C-T organies

44 /hours produced

22 CTClz 22t CBrCl3/631 To 2537A/47°C/3 days Unidentified produets

23 CTCI3 8t CBrClg/741 Ty Mol. Sieve 5A/4 hrs No product

24 CTCI3 7t CBrClg/55t Ty Mol Steve 5A/7 days Unidenti{ien product

25 CTClg V8t CBrCl3/63t To Mel. sieve 4A/6 days Unidentified produet

26 CTCly 17 CBrClg/50t Ty Activated alumina/ Unidentifed product

4 days

27 CTCly 16t CBrC13/37t To Silica Gel/4 days No products

28 (CTFg 16t CF3l/421 Ty 253725, dav Many products

29 CTFy 12t CF31/70t T Pt/8 days CTF3

30 CTFy 9t CF31/83t To 25374/1 day/no fan CTF3; distillation
purification

31a Test ~DCl3/NaOD --- Glass/vacuum grease
system used {to Run 37)

3lb CTClg  CDCl3/T90/NaOD 1 hour Evidence for small

* For Runs 1-15 see Table I in Ref. la.

amount ¢f CTCl3



TABLE L {eontinued)

Run Intended Reagents

ho. Product (t = torr) Conditions Remarks

32 CTCl3 CDCl3/Ta0/NaQD --- No products

33 CHCl3 DC13/He0/NaOD I hour Some CHCl3 formed

34 CHCl3 CDCl3/H20/NaOD 4 hours Some CHCl3 produced

35 CHCls  CDClg/Ha/NaOD 2 1/2 hrs mixing in Little, if any, CHCl3

sonie cleaner

36 --- CDCl3 - Test of CDCly
adsor~ption on Moi.
Sieve 5A

37 CHCly 100t CDCl3/He0/NaQD 1 hr/sonic cleaner Much € DCly produced

38 ~=-= - € DCly infrared
speetrum

39 CTCly 103t CDCl3/20 Ci [ hour Now stainless steel

ToO/1X 15M NaOD exchange vessels and
apparatus used here
and below, and much
CTC13 formed

40 CTCl3 800 tece CDC13/20 Ci 17 hours “uch CTCl3 formed

T20/NaOD (T/D = 1.58)

41 CTClz3 70D teec CDCl3/ 19 hours Much CTCI3 formed

Toll/NaOD {T/D = 3.2)

42 CTClg 360 tece CDCly/ (] day) Very little exchange

T90/old base

43 CTCl3 700 tece CDCl3/ 5 hours CTCl3 produced; no

T20/NaOD decomposition after
9 days (T/D = 0.45)

44 --- CDClg --- Transfer experiments -
test for CHCI3
formation -

45 CTClg 750 teee CDClg/ 20 hours CTC13 produced

T90/NaOD



TABLE 1. {continued)

Run Intended Reagents
no. Product (t = torr) Conditions Remarks
46 --- CDCl3 --- Transfer experiment
47 === CDCl3 --- Only traces of CRCl3
observed; transfer
system devoid of H90
48b - - - 90 mt CTCl3/CDClg 77 mJd 12/ IR speetrum
Run 41 sample used in 25 em f.l.lens/ unchanged
Runs 48b-e 930 pulses
48¢ -~~~ 90 mt CTCl3/CDC3g 103 mJd 12w IE. spectrum
s em fl.lens/ unchanged
1680 pulses
48d - -~ 90 mt CTCl3/CDCl3 57 md 12w IR speetrum
+21.1 torr Ar 50 em f.l.lens/ unchanged
1690 pulses
48e - - - 90 mt CTCl3/CDClg 35 mJ 12w 1R spectrum
+21.2 torr Ar 25 cm f.l.lens/ unchanged
1225 pulses
49 --- 2.1t CHBr3 long IR ceil (9.77 em) Spectrum test
50 --- 5.26t CHBrg long cell Spectrum test
51 ~--- 27 t*ec CHBrg long cell Spectrum test
52 =--= 178.61 CDCl3 long cell Optieal selectivity
measurement
33 CTBrg 4X CHBrg/2n Ci long eell/20 hours Evidence for CTBr3

T90/NaOD

formation




adsorbant or ehromatograph ecolump packing material, is instead used as a catalyst, then it
is the organic molecule that binds to the catalyst, while the tritium remains in the gas
phese. If any CTC13 is formed in this latter process, it will remain hound to the
catalyst and will suffer no gas-phase collisions with other organic compounds; this would
minimize the formation of the tritiated ethylenes and ethanes that can be produced using
the Pt or UV catalysis teechnigues. In Runs 23-27, several common adsorbants were
tested, Silica gel produced no reaction, whereas molecular sieves 4A and 5A, and
activated alumina formed unidentified products, and no CTCI3. This route of CTCl,
synthesis was then abandoned.

Though some PTCL; was formed using the platinum catalyst, 8 more efficient and
reliable method was sought to obtain pure CTC]3. Deuteration of CHCI, by the
v

overall reaction
CHC]3 + HDO ~+ CDC]3 + H20 (3}

is known to be rapid when the hydroxide ion is added to catalyze the first and rate-

limiting step of the exchange mechanisin:
CHCl4 + OH +CCI, + H,0 (4)

CCl, + HDO + €Ny, + OH™ (5)
The rate of this reaction is about 0.2 1/mole-see, while the hvdrolysis rate is 104 times
slower.m The rate for the FDCIB/DTO D/T exchange process, which will be used to
retritiate the working molecule in an actual tritium recovery plant, will also be extremely
fast, 0.2 1/mole-sec. Synthesis of CTCls was accomplished utilizing D/T exchange
between CDCl3 and laboratory produced TZO, using NaOD as a catalyst. Extreme
care was exercised in making and using the small quantities of T20 in question.

The two initial exchange runs using TZO’ CDCI3, and NaOD were made in an all
glass system (Runs 31b, 32). The T,0 was made by passing a measured volume of Ty
gas over CuO {wire form) at ~450°C 1o produce 31 (3x10-3 ce) of T,0 (10Ci)
The water formed was cryogenically pumped into a 0.2 cc glass thimble, which had
been pre-loaded with CDCI3 and NaCD in D20. Avproximately 500 torrvee of
CDC]3 was loaded by vepor transfer in a vacuum apparatus, while about 1A of the 15M
NaOD catalyst was added using & micro-pipette. After the water was transferred intc the
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thimble, the thimble was aliowed to come to ambient temperature. The quantity of
material within the thimble and the volume of the thimble were such that g significant
fraction of the chloroform and water remained in the liquid phase. To assure mixing, the
thimble was subjected to several freeze-thaw cyeles. After approximately an hour fin
these initial runs), the product was passed through a U-tube containing *15g of Linde
5A molecular sieve to remove any water present, and was eryogenieally pumped into a

eell for infrared spectral analysis.

Four additional runs (runs 33, 34, 34, 37) were made with HZO in lieu of TQO.
During these runs, it became apparent that CDC]3 was very efficient at removing
stopcocks grease (Apiezon, silicone, Kel-F), causing leaks which allowed a signifieant
amount of air to enter the svstem. As a result, a new stainless-stzel system was built.
The vacuum stopcocks and greased joints were eliminated, and the thimble was redesigned
to allow easier loading of the base catalyst. The thimble was constructed of stainless
steel, except for the bottom of the tube which was terminated by a metal-glass seal and a

grlass tubing end. This allowed visual inspection of the transferred molecules.

Six runs with mixtures of T,0, CDCly end NaOD were made with this new
system. The gquantity of 1‘2 gas was increased to produce B of T20. Variations
were made in the length of time allowed for the reaction to take place, which ranged
from 1 to 20 hours, Though the rate of T/D exchange is extremely fast in mixed liquids,
the low selubility of cholorform in water combined with the difficulty in stirring the small
quantities involved led to poor mixing cf the reactants (except for the several
freeze-thaw cyeles). Ir addition to varying the reaction time, the quantity of iritial

CDC]3 was varied in these runs.

As expected, this technique produeced a mixture of (‘DC!3 and C'T‘Cl3 which was
identified on the basis of the agreement of the observed infrared spectroscopie v,,
vsﬂ) peaks with our caleulated valuess, and alse on the basis of mass
spectrometric measurements. In Run 41, 76% of the final chloroform was found to be
tritiated. There was also evidence of a small amount of SHCL, formed, and in addition,
there was a small upidentified peak at 794 em™! in the infrared spectrum. The preduct
eomposition of Run 43 remeained unchanged (according to the infrared spectral analysis)
even after storage in the infrared analysis cell for 9 days at ambient temperature.
Therefore, the CTCl4/CDCl, gas mixture (10 torr) is stable, and does not react with
itself or with the cell materials (stainless stee!, copper and KRS-5) by any radiation-
indueed homogeneous or heterogenenus mechanism with an observable rate.
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QTBF:3

In Run 53 CHBra was mived with Tzﬂ and a NaOH catalyst according to the

above method. Iritial infrared speectral analysis shows that C’!‘B:-3 was produced.
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Hl. Molecular photoehemistry and speetroseopy

Ammonia Laser Development

In these studies, a 12u NH3 laser js desired as the photolysis source in the
isotopically seleetive multiple-photon dissociation (MPD) of CTCls The ammonia laser
is optically pumped by the R(30), 8.22u line from a pulsed CO, laser. The sR(5,0)
transition in NH, absorbs this raciation; lesing oveurs at the coupled sP(7,K) transition
2t 828 cm_l. Our Lumonies 103 laser delivers over 4 joules per pulse at the pump
transtion. In the initial studies, the ammonia laser optiesl resonator was a three mirror
folded cavity. A grating wasc positioned at the vertex and e 115 em long, 35 mm 1D
ammonia cell having KCl Brewster windows was placed in the longer resonator arm. The
first order reflection off the grating effectively directed the inecident, unfoeused 9u
radiation into the cell, and the optical cavity was aligned to perrmit 12u oscillation with
the grating used in first order, The 12u and residval 9u radiation were coupled out of
the cavity reflection off the grating in zerceth order. A 10 em long eell filled with 23
torr of CFSI served as a Su ~hsorbing filter; this removed any tcansmitted CO,L
laser energy. In this configuration, as much as 75% of the ouput power was found to be
due to two-pass superradiant build-up. The 124 laser power was irsensitive to the
curvature of the totally reflecting mirror in the cell arm (4, 10, 20 meter radius of
curvature). Optimal operation oeccurred .-ith ~1 torr NH3 and 20 torr added

N, buffer, leading to a maximum piise energy of 190 mJ.

The eavity configuration was altered to measure the single-pass superradiant output
using the same 115 em lang ammonia cell. The %y radiation was coupled into the NH,
cell in three ways: (1) univcused parallel beams, beam diameter =2.9 em; (2) telescoped
down parallel beam (100 em f.1. KCl lens, 40 em f.L BaF, Galilean telescope), beam
diameter =1.5 emj; (3) coaxially focused into the eenter of the cell by g 100 ¢m f.L lens.
Absorption ~t Sp and emission at 12 u were monitored at the ecell eXit using the
CI-‘31 cold gas filter, In all ecases adding 20-60 torr N, led to greatiy improved 9u

&bsorption and 1 2h emission.

Using configuration (1)}, 9 absorption inereased, though 12u emission decreased
when the NH3 partial pressure was increased above 1.5 torr. In some cases when
set-ups (2) and (3) were employed, overall performance was superior with 2-3 toer NI,

-11-
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than with lower NH3 pressure. As expeeted, more 9u energy was absorbed using (1)
than with (2}, and more with (2) than (3). Similarly, the [raction of absorb~d 9y
radiation converted to 12u increased from (1), 13, to {2} ~0.26, to (3) ~0.313.
A maximum 12u output of 330 md occurred with layout (3) with 2.4 torr NHsIdQ torr
N,. In this case the 9 to 12u photen conversion fraction is 0.29. The output pulse
en:ergy co:ld he straightforwardly increased to =450 mj by cooling the NH3 medjum
to 220°K, A maximum photon conversion ratio of roughly 1.4 was abserved using 1
tore NH, /%50 torr Ng in configuration {3). Under these conditions, about 250 m.S

of 12y was produced, and only 0.2 of the 9::pump was absorhed.

Further improvements in our 121 photolysis source will permit wavelength tuning,

pulse energies apnroaching 1J, and perhaps short pulse operation {~2nsec FIWHVI).

Evaluation of Lasers for T/D recovery

Spectroscopic analysis of our recently svnthesized (‘T(*I:\ has confirmed that the
C'I'Cl3 v’!ﬂ-ﬂ moce infrared resonance is near 835 cm-[, in agreement with out
normal mode calculativ -:.1'3 CD(‘.I3 has onlv a very small absorption cross-section
at this frequency. (Consequently, both the T/D absorplion and dissociatiofi selectivity will
he suitablv high for suceessful tritium recovery in r process based on infrared laser

iultiple-photon dissociation (MPD) of chioroform.

As deseribed above, the ammonia laser is optically-pumped by the pulsed CO,
laser, and is capable of lasing at 30 wavelengths helween 770.9 and 888.] em 1 3E
Notably, each of the 12 lesing wavelengths from 813.4 to 833.6 cm_! has 2 14-20%
efficiency, of which 5 lines are hetween 828 and 835 cm']. Despite the superior
operating characteristies of the NHS laser and its apparent suitability for
CTC13/CD(‘13 recovery.]‘3 it is prudent to examine olher possible laser svstems
which can also selectively decompose ("Tr"ls. These alternate laser systems, as listed
in Table II, should he compared 1o the .\'H3 laser on the basis of their present stege of
technologier] develnpment, overall operational simplicity, electrical efficiencv, overhead
costs, and abilitv to operate in a short pulse (* inseec FWHAI} regime.

A sealed 0”9-12 ]4(71602 taser! tuned to the P(34), (100M{00]) Iline
lases at 836.2 cm_l: both this and the neighboring rotationul lines would be suitable for
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the V7D of CTCl, A closed evcle e

14("]602 I4 would require minimum development to operate in the short pulse

(J P :
! O, laser using current stockpiles of

regime. However, the operation of a radioactively hot laser is a definite drawback,
especially considering the small amounts of tritium that are actually recovered when
decontaminating the coolant inventories in & heavy water fission plant (e.g., Savannah

Riverk

Another prospective 12u laser svstem entails rotationsl Raman scattering of a
0, laser in high pressure !‘:ydrozzen.15 In one such system under intensive
dev;lopment for L‘FG photolysis, ]2(‘1502 laser radiation [R(22), 1’0.21.'] is
downshifted to 6L by rotational Raman scattering in coolec pnru-H,,.]a_H An
outstanding quantum conversion efficieney of “85% is claimed for shiftin“g these 10u
photons ta 18z Three similar isotapic combinations hold promise as a [2u laser
source.

12

-Plﬁ

Seatlering the 9.814, P(48) O2 laser line in cooled D2 (J=2+), a
Shift of 179 em™) produces 840 em™ radiation, near the peak of the CTCI,
spectral resonance of interest. Nate that in this case the (‘O., laser my.st lase at a high
J state, and therefore will operate at less than optimal efficiengy: in addition, amplication
of a short pulse will require a relatively long path length. Operation at a lower J
transistion will produce 12L radiation to the "blue"™ side of the (“TC]E, \J4+ﬂ
transition, and this would most probabl: decrease the SIPD eross section, whereas
aperation at higher J transitions will drastically lower the €O, laser efficieney. Raman
seattering the output of a sealed oft9712 !3(‘”'0; laser in cooled D,
(J=2+0} may, in fact, be preierred. TFor example, the P(]Z): {020R{051) line at 9.982u
will scatter to 828.6 cm-i: neighhoring J lines will also be useful based on ("r)2 laser

efficiency and ("IC13 MPD considerations.

R aman scattering off of HD is also attractive. i. the scattering cell materials are
carefully chosen, it is auite possible that HD will not cetalvticallv equilibriate with H,
and B, If HD docs not equilibriate, there is then no need 1o speil the gain at the Hy-

b
and D, seattered frequencies. The l”C'IGOZ, laser line at R(40), 9.2u will

scatter to 823.0 cm-l (J=2+0, 267.1 cm-] shift); R(50}, 9.l1u produces 827.7

em. The ‘2(‘.1807 R(20), 9.1u line scatters to 829.9 em™l.  Other things
being equal, the C’O2 laser-hydrogen combination emploving the fewest exotic isotopes
would be preferred. Use of deutersted hydrogen would be probably less costly than

isotopically rare CO,,.
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TABLE IL. 12u Laser Sources for C'I‘C']3 MPD.

Pumped medium, Approximate
Pump laser, Secondary laser, Useful
(X representative) Interaction (em™1) Range (em™1)
12¢160, [R(30),9.21 Optical NHy  (828.0) 815-954
Pumping
111604 [P(34),12.0y, Direct -- 830-850
8136.2 el
120160, [P(48),9.8u] Rotaxional Do (839.9) 810
Raman
15C1604 (P(12),9.91) Rotational N (828.8) 820-832
Raman
1201605 (R(40),9.2:11 Rataticnal Hn (823.0) 520-827
Raman
12¢iBog [R(20),9.11] Rotational HD (829.9) 820-840

Raman




One edvantage of CO2 laser-hydrogen Ramsn scattering laser sources over NH3
laser systems is their possibly superior short pulse (2 nsec FWHM) operation. The
Raman gain for short pulses will inerease dramatically as the pulse width is shortened, so
that the C02 laser-hydrogen system will be efficient and simple in the short pulse
regime. Though injection modeldocked operation of an NH:i laser has been
demonstrnteds, the single pass, short pulse population-induced gain in N}!3 has not
been measured. Perhaps, at high pulse intensities, the Raman gain in NH3 may also be
quite high.

The strong infrared absorption peak in C’l'Bl'3 at 761 cm-] (13.1u),3 due to
6*-0, should have a quite high T/D isotopic absorption seleetivity. In this case, an
attractive laser source for MPD and tritium recovery is the 13u laser produced by
Raman scattering 10.6u radiation from a normal isotopic CO2 laser in Dz, where
the laser frequeney is downshifted by 179 cm_l. In particular, the P(24), 10.63p line
seatters to s frequency quite near the Vg CTBr3 peak. The high electrical
efficieney of these normal CO, laser lines combined with the high Raman eonversion

\Y

efficieney make this 13u laser source very attractive for eennomically attractive T/D
recovery. The relative merits of these varicus 12u and 13u lasers are under continued

investigation.

Chloroform Studies

The observed (‘TCI3 spectral frequencies are extremely c¢lose to those we
previously csnlt.'uiated.3 An infrared spectrum of 7.8 torr CT(“IE/S.Z torr CDC]3
from Run 49 in a 2.0 em long cell is shown in tig. 1. [n particular, the important
+0 peek is st 8353 + 0.3 cm-l, in very good agreement with the value of B837.1

1 calculated using the best available harmonic foree field.3 In CDCI3 the

‘.14_
cm
vy and Vs peaks are of approximately egual absorption strength. Fortuitously, in
CTCl3 the interesting \:4 peak is stronger, while the Vg peak is weaker, than
the Yy and vy peeks in CDCla. In faet, the pea-lf’ absorption streng_tlh for
CTC}3 u4~0 is measured to be ~I1L2 (+0.7) x 10 “/em-torr (B35 em '), or
+65% larger than the measured absorption coefficient at the CDCI3 \)4*(] peak
(914 cn'l_l ), 8.2 x 10_2/cm—torr. The CTCl3 sbsorption coefficient wes determined
from the infrared spectra of T/D chloroform mixtures for which the CTCIBICDCI‘.’

concentration ratic was determined by mass spectrometry (Runs 40, 41, 43).

=]15=



The low fluence T/D optical absorption selectivity for chloroform is determined by
! to that of cpel,

at that same photon energy. New infrared analysis puts this CDC]3 absorption
+
23

the ratio of the peak absorption ccefficient of C’I‘Cl3 at 835em
coefficient at fl.l X lﬂ"ﬁlcm—torr. This absorption is extremely
weak and the exeet value of this cross-section is still uneertain. Using the cited values,
the low fluence optical selectivity is mgooo(‘:gono) tol st 835 cm-l. At the
ammonia laser wavelength, 12,081, the low fluence selectivity is about half this value.
At higher f{luences, the excited state absorption cross section of ('1'I"Cl3 contributes
quite strongly to isotopic seleetivity. Though when C'I"('l3 is highly vibrationally
excited, the v, fundamental pealt will most probably broaden and so decrease (as well
as shift to the red), the suitably level-averaged T/D absorption selectivity should remain
quite high: >1000:1.

Initial IR photolysis studies began using the 100 mJd pulse energies available
from the eadier versions of the ammonia laser by tightly focusing this radiation into 2
3 synthesized in Run 41 [Run 48 (25 or 50 em f.L
lenses)l. No definite product formation wes observed using the erude infrared

nphotolysis cell centaining the CTCl

spectroscopic detection technique. Based on our earlier CD(‘.!3 MPD studies, only
marginelly observable amounts of product formation would be expected here. (Note that
reactant removal was being actually monitored). With the much higher 12u pulse
energies now available, and with the use of the sensitive gas chromatographic analysis
system, much higher sensitivity experiments will be performed in the coming reporting
period. Notably, it was observed during these runs that CDCI3 rapidly exehanges with
HZO residing on the walls of the vacuum system, thus converting much of the initial
CDCl3 to CHC13,
reaction ceased once the vacuum system was suitably baked out.

as determined by infrared spectroscopy. This D/H exchange

-1 6=



1V. Process Development

Tritium removal from heavy water based on MPD will require a process that
includes the unit operations shown in Fig. 2, Heavy water contaminated with tritium
{DTO) is passed through an exchange unit where the tritium is exehenged with deuterated
chloroform (or a similar working moledule). The decontaminated water is then returned
to the source. Deuterated chloroform is fed into the exchange unit, where it becomes
partielly tritiated by exchange with the heavy water. The ehloroform then passes through
a let-down valve into the photo-reaction tube (th2 exchanger pressure will be atmospheric
or above, while the photo-reaction pressure will likely be approximately 100 torr), where
the laser preferentially dissociates the tritiated molecules. Passing from the
photo-reaction tube, the produets and remaining reactants are compressed before entry to
the photoproduct stripper, where the products from iie laser-induced reaction are
removed. Then the pure deuterated chloroform {(pius the small fraction of tritiated
ehioroform which was not dissociated by the laser) is recycled to the exchanger unit, with

son e additional chloroform to replace that removed by the laser MPD process,

Our efforts have to date been focused on the identification of operating parameters
and potential problems for each unit. We have also constructed a system mass balance to

identify the relevant scale of operation. A few general considerations are disecussed below.

In the exchange urit, the tritium exehange between water and ehloroform must be
accamplished rapidly, to minimize the size and holdup of equipment. The use of a liquid
eatalyst (dimethyl sulfoxide with sodium hydroxide promoter for trifluoromethane; only
sodium hydroxide or equivalent base for ehloroform) has been shown to be effective. In
some cases {CTFS), the neecessary catalyst-water separation may require a relatively
large expenditure of energy. However, the energy consumption in the CTCla case is
expected to be small, Still, exploration of potential catalysts is crucial to design of an

economieal exehange reactor.

The photo~reaetion tube will operate at sub-atmospheric¢ pressure, because of more
favorable photophysics at lower pressures. The optimal reaction pressure (trading reactor
size and eompressor duty for lower reaction yields) must be identified. The compressor at
the reactor outlet will be a major capital expense and energy user, and suitable care must
be teken in optimizing the reactor operating pressure.

-17-



[N

Removel of the photoproducts must be highly efficient in order to maximize the
desired decontamination. Handling the somewhat ecorrosive TC! (or TF for the
trifluoromethane working molecule) must be done with the best commereial techniques.
The photoproduct stripper can be designed tc either allow recovery of tritium for use
elsewhere or to immobilize it for disposal; the two options imply quite different designs.

To give an indication of the necessary size of the system, a mass balance was
performed for the case of greatest interest, namely the eleanup of a Savannah River Plent
Heavy Water Reactor. Specifications are given in Table 3. Several assumptions made in
the course of the caleulation are in Table 4. Ouite conservative photochemieal
parameters for chloroform photolysis are givan in this table. The resulting system flows
ond power eonsumptions are showrn in Table 5. The volumetric flow rates are guite
modest, end the power consumption is rather negligible (involving an electricity cost of
about §60K during the assumed one-year operationk

We plan to identify in more detail the process development areas of greatest
eoncern; with this information we will plan an orderly research and development progrem
to address the areas of most interest. We will have an engineer from the Savannah River
Plant working with us soon, to ensure that the developed /D recovery process will be

well-tailored to Savannah River Plant needs and requirements,
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TABLE 3: Initial Specifications - Cleanup of Savennah River Plant Heavy Water Reactor.

Reactor volume: 500 tonne D,O
Tritium concentration: 20 Cifliter
Desired Tritium level: 2 Cifliter (10% of initial concentration)

Time allowed to reach desired level: ] year

TABLE 4: Assumptions used in ealeulation of mass balance data shown in Table 5.

o Fxchange unit reaches equilibrium with T econsentration equal in water and
chiorcform

o Photoproduet stripper efficiency is 100%
0 Optical selectivi* S = K50 for laser-induced reaction

o Cnarichment factor: £ = 1000 for leser-induced reaction

TABLE 5. Process parameters for the eleanup of Savannah River Plant Heavy Water
Reactor.

Heavy water flow tnrough exchanger £.64 i/min
Chloroform flow through exchanger 29.4 1/min

Photoproduet formation rate:
TCl1 0.04 ec/min

[nlef 3.5 ee/min
CxCly 5.7 ece/min
Make-up chloroform flow 8.9 ca/min

Eleetrie power to laser
(1.25% efficiency) 87 kW

Pumping power (reactor at 100 torr,
rest of process at 1 atm) 31 kW
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V. Program Personnel

The LLNL photochemiea! tritium recovery project is a ccllshorative effort of the
program's principal investigators, who are members of the Special Studies Group of the
Physies Depe~tment, and the LLNL Tritium Facility of the Chemical and Material
Sciences Departmant. Terrance Biel, Jon Maienschein, Clyde Griffith, and other members
of the Tritium Facility have been instrumental in the synthesis of the tritiated molecules,
the chemieal engineering anelysis, and related program efforts. Our contaets at the
Savannah River Plant Heavy Water Reactor are James Boswell, John Churen, and Chet
Thaver, who have been kept informed of our progress; we will continue to work closely
with them on establishing the tritium recovery requirements of the reactor, and on

interfacing our photochemical tritium separation unit with the reactor.
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VL Concluding Remarks

Chioroform appears to be an ideal molecule for photochemical tritium-

from-deuterium separation. Intensive photochemical evaluation and process engineering
studies of the CTCI3 MPD route of T/D recovery will eontinue during the coming

reporting period. The properties of the ]2u laser sources reqguired for this process will

also be studied further,
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VII, Patent activity
A patent application entitled "laser-Assisted I[sotope Separation of Tritium"

(8-53,693; RL-7890; IL-6619/IL-6729) was (iled by the Department of Energy on March |1,
1981,
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FIG. 1. The absorption spectrum of CTCly which was produced by hnsed catalyzed aqueous exehange in Run 40.
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