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HYDROGEN ISOTOPE DISTILLATION FOR TIIE TRITIUM 

SYSTEMS TEST ASSEMBLY 

J. R. Bartlit, W. H. · Denton, R. n. Sherman 

LOS ALAMOS SCIENTIFIC LABORATORY, UNIVERSITY OF CALIFORIIIA 

LOS ALAMOS, NEW MEXICO 87545 

A system of four, interlinked, cryogenic fraction.11 distillation colucms has 

bee_n designed as a p rototype for fuel processing for fusion power re.ictors . The 

distillation system will continuously separate a feedstreao of 360 g ooles/day of 

roughly 50-50 deuteriuc-tritium containing "'1% H into four product streams: 1) a 

trltiuo-free streru:i of HD for wa.ste disposal; 2) a stream of high-purity o
2 

fo,: 

sillul.:ited neutral beam injection; 3) a strear.i of OT for sii:rulated reactor refueling; 

and 4) a stream of high purity T2 for refueling and studies on properties of trlti1.D 

and effects of tritium on materials. 

INTRODUCTION 

of . 
I 

The purpose, functions, and maj or subsystecs 

the Tritiu::i Systems Test Assembly (TSTA) are de­

scribed elseYT1ere ln these proceedings (l), A key 
I 

subsysteo of TSTA is the Isotope Separation- Sys-tem- -

(ISS), "1hich the present paper will discuss in depth 

as to purpose and functions; design concepts and 

considerations; design ttethod, including laboratory j 

measure::ients ; and the detailed design of the final ! 
process. 

PURPOSE A:Jl FUllCTIONS OF TIIE ISS 

The role of the ISS in the overall TSTA process I 
is sucaarized in Figure 1 . Details are available (l) 

and need not be repeated he.re. The principal sep­

aration dutieS required of the ISS are sho\.on in 

Figure 2. 

Figure 1. Functions of ISS in TSTA Process. 
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The four product strems were selected to give 

a full verification and demons tration of the tech­

niques of isotope separ_ation needed for fusion 

power reac tors and to provide. maxicuc:a fl~"'tibility 

or 

in the o;,eration of TSTA. Product screens needed 

by eventual commercial· reactors may be fe"'·er in 

nuo.ber or have different purity requirements from 

these; ho~.,ev~r . the cost . to TSTA f~-r th;- f~ur..:.pr0d:i -
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decreased by deleting one streac or by relaxing nny ships are shown schematically :In Figure 3. 

purity requirements, while flexibility to meet 

changing requirements would hnve been substantially 

impaired . 0, Mali-, 

The purpose of the RD waste stream, t he topmos t i 

stream shown in Figure 2. is to el.im.lnate from the 

fuel process loop um,anted hydrogen (H) ~-hich ap-

pears ns a result of outgassing, cinor lealt.s, dif-

usion, and isotope exchange reactions. The ISS 

provides a hydrogen-rich s tteam ~·hich can be d is­

charged directly to the enviroru:ient free of trit1um
1 

down to a level of 20 Ci/yr . The second st.rea.c. in 

Figure 2 , the D2 stream, h11s a design purity of 

99.96+% D2 with cost of the remainder (>80%) being 

HD rnther than DT or RT. The purity specification 

of this strr.am, to simulate: a stream for neutral 

beam injection, was set in coordination with 'INS 

design teams . 

The third stream shown is the primary stream 

for simulated reactor refueling, consisting of a 

nearly equimolar mixture of 0-T . The bottommost 

tSOJOP[ 
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Figure 3. Interrelationships of 15S 
with other Subsyste::i..s. 

The four components of feeds trea.a A are listed 

as follows: 1) neutral bea.c return; 2) n2 recycl~ 

3) D2 makeup; and 4) electrolytic H2 , HD, BI. The! 
first of these has a flowrate of about 35 mles/ I 
day consisting primarily of D2 (98%) contaminated 

with hydrogen and with tritium from baclcstreaming 

st:: am ~ own !-n _r:ig~r':_ 2 ~s .!!_ h."!&h.:puE._ity s~_re~ o! _up the neutral beamline . _ The '."Pz recyc le~' ~oc:p_o-_ 

T2 to be used at TSTA for laboratory studies on nent is a relatively large flow (248 tloles /day) of 

properties of tritium and on effects of tritium on 

materials. A comcercial reactor perhaps would not 

require such a s tream unless a tritium neutral beam 

is used for additional heating of the plasma. 

Feed Streams 

The feed rote to the ISS is that required for 

' a f ull- scale (sever a l hundred MW) ccx::c::iercial fusion 

reactor. Two feed streams are shown in Figure 2 -

namely, the feed to Column 1, which is the pri=ry 

TSTA process flow coming directly £roe the Fuel 

Cleanup Sys tem ( see Pig . 1) of 360 g moles/day of 

D-T plus 1 mol% H2 , containing less than 1 ppm 

total noncondcnsible impurities; and , secondly, the 

stream (A) shown joining with the distillate from 

almost pure D2 whose purpose is to help split BT I 
into HD and OT in the two equilibrators, as will 

be explained more fully later. l'he ''D2 makeup" 

canponent is simply to replace D which unavoidably l 
• - I 

leaves the system with HD waste and is designed to 
1 

be. less than 4 moles/day of D2 , but will, of 

course, depend on the rate of B ingrowth. Fin.a.J.=. 

ly, the electrolytic hydrogens processed in the 

ISS arise fr0t1 electTolyti.c decompo~ition of all 

waters forced and/or trapped out i.n the Fue.l 

Cleanup System and the Ecergency Tritiuo Cleanup 

System. This feature percJ.ts the recovery and 

reuse o f virtually all tritiuo that cor:bines with 

carbon, oxygen, or nitroge_Q icpurities in the. 

the top of Colucn l . To unders tand fully the rea- · fueling process or accidentally spills into the 

sons behind this secondo.cy feed, it is necessary to process room. 

understand both the internal tSS process, which will DES!CK CONCEPTS AND CONS1D£RATIONS 

be dis cussed in the succeeding section , as well os 

the interrelationships b etween th e . ISS nnd the _ -· 

Neutral lleaiil . Inte rface , the Fuel Cleanup System, and 

the Tritium Waste Treatment. These interrelation-

7 
1r.1:: :-:•ZE; a•,•· .- 11" 

Cryogenic fractional distillation was selected 

as the process to effe~t t he separat.ioo.s just _d.is-l 
cussed after an appr.1.i.sal was made of previous 

work in the sepnrati~n of hydrogen isotopes. • In 

... ,.);,. .. .,J 1·.~.\G..: :,,l.: r' .., o··. VI.US FO LI O • r" ,r IJ", .. 
"f -~: .:. • :>: :" : .s:. , ...... 
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t he late 1940's ond early 'SO's , studies by the this 11ill not proceed /ar to the right , u de-

U. S. Atoc.ic Energy Commission on separating dcu- sired, expect in the presence of a large excess of 

teriW!l from hydrogen for heavy wnter production <2, 3> o
2

, which is most conveniently provided by the 

concluded that cryogenic distill.:1tion was an at- "o
2 

recycle" streao sho-..m in Figures 2 and J. The1 

tractive choice because of its advantages of rcln- second equilibrator , following Column 2 , carries 

tively large separation f4ctors, low power consump- the splitting of lIT s till further after ,the re­

tion, high throughputs, r e latively short start-up mova.l of the reaction product HD by ColUQ.D. 2. 

tices, and flexibility of design . A plant wos de- Thereby, both the HD waste strea:11 nnd the D
2 

signed (
4

) but never· built in the U. S., but s ir.li lnr neutr.il beam stream a r e produced with adequately 

plants were built in both Fr'1nce (S, 6) and Russi:1(7). 1011 levels of tritium (0.1 and 30 ppm respective­

In the 1960 ' s and '70' s , interest arose in sepa- 1 ly). 

r.it. ing trit ium fran isotopic;. mixtures for recover- Tritiu:n Inventory 

ing tritium or reducing cont amination. Again cryo- . Because cryogenic distil.l.ation involves 
I 

genie distillation proved att ractive. A batch tritiuo. in a condensed state, a disadvantage of 

still for tritium recovery was built in 1966 at the process ls its relatively large tritf.u:a in-

Savannah River Plant and a multicolumn, continuous ventory. In TSTA, a majority of all proce..ss 

still was built in 1971 at L' Institut M= Von Laue- tritium ("-100 out of 170 g) is cont'1ined in the I SS; 

Paul Langevin in Grenoble , France (S, 9) . Thus, in though this would not be. true for a cocmerci.al 

addition to the advantages found previously, the reactor. Hini.oization of tritium inventory is not 

advantages of building on existing comc.ercia.l ex- a goal of TSTA; rather TSTA is to demonstrate that 

perience were considered in the selection of CTT?- tritium can be h.indled routine.ly and safe1y in 

genie distillation. 

Equilibrators- -- -

Besides the distillation columns, the tvo 

catalyt ic equ.ilibrators located before and after 

Colw:n 2 (Fig. 2) play an integral part in the sep-

aration schece. Table I lists the six isotopic 

species present in order of increasing molecular 

weight (or decre'1sing volatility). 

:ill1Ll 
1 . H2 discard to 
2. HD environcent 
3 . .p--- - . - - - -

-- -,.;--02 
5 . OT retain in 
6. T2 process 

The functions of the ISS as described are to pro­

vide u s.:ible products of 04 , CS, and /J G, and to 

1 

quantities exceeding 100 g . Neve rtheless tritium 

inventory 1s ·a design consideration bec.aiise_an_ -

important goal of the project is to understand the : 

relationships between design param.eters and triti-1 

um inventory. 

The tritium inventory in e.ach colucn in the 

final design of the lSS is sho-.m in Table III. 

Most o f the total of "-100 g 1a seen to be in Column 

1 (34 g) and Colu::m 3 (58 g). The inventory in 

Column 1 could be reduced in a cooaercial re.actor 

by leaving more o
2 

i.n the bottca stre.ao fran this 

column, which would reduce t he size of the column 

and would leave more o2 in the final DT prod1.Lct. 

s tream . The key to being a:ble to extract less D
2 

'1t t he top of Column 1 and still have sufficient 

discar d IJl, and C2 to the environment . This leaves D2 to drive the tt.10 equilibrators is the previous! 

the probl<!l:I of separating D 3 (HT) so as to d iscud 

the H and retain the T, which obviously cannot be 

accO:liplished by distillation alone , but can be done 

with the room-temperature, catalytic equilib raters. 

.r':. the equilibrators, the !IJ molecule __ is_ sp! i t in 

the presence of o
2 

into HD ·and OT according to the 

reversible reaction HT+ D2 ::=.. •m + DT. However, 

-, 
t r.: •; :,:t.:. •J ," 'Cll ,. 

• · • .... • •• ·,, .. i: 7•• ~ 9· •. r, P'i ,:o ,., r· .. 1· •• 

discussed 110
2 

recycle" strea::i. This was not done . 

extensively in TSTA because the cost of the lSS 

uould have been substilntially unchDnged and it 

would have reduced the. flexibility to ceet ch:ingin 

specifications on product or feed strem:is . Al.so 

inventory could be reduced in- a Coz::;:erCi~ reictOi:­

if no high-purity tri tium strea,:, is needed for 



,. neutral beilnls • by greatly reducing or perhaps elim­

in'1t ing Column 3 vith its 58 g inventory. 

for standud multicomponent diatillatioo, -1i­

fied for use uith tritium systems . The original 

Cohen Pressure code was zenerously furnishcd-ccz u.sr. by Profea-

The nomina1 opeTating pressure of the distillG- sor Donald Hanson of the Chemical Eng:1ueer-1og 

tion colucns w:is set at 101 , 35 kPa (760 torr) fol- Department n t the University of Cnlifornla, 

lowing consideration of the severa1 factors in- Berkeley, nnd "'as ciodified by one of ua , (R. H. S.) 

valved . The separation factors (re.lative volatil- to include the folloving: 

ties) of all components increase as pressure de­

creases below the critical . thus t he necessary 

coluon heigh ts are less the J.m.,er ebe operating 

pressure . However, 1.t vas thought undesirable for 

safety re.:isons to operate bel<T., the local atmo-

sphere (585 torr), Because the ISS is a prototype 

for nationwide application, pressures no lower 

than a standard sea level atmosphere were judged 

appropriate. Higher operating pressures would 

decrease column dia:meters (while increasing the 

heights), but because t he required dia:ceters vere 

already su:a.11 there vas no advantage to increasing 

the pressure above 760 torr. 

Refrieeration Cycle 

Refrigeration for the ISS will be provided by 

i ) The actual colal hea t s of vaporization vere 

used instead of the u.su~l assuaptioa of 

equal molal heats and equal molal over.flCYJS 

within colucns. 

ii) Provision \:35 made to allow both a constant 

·and a composition-dependent addition (or 

subtraction) of heat OD any theor.e.tic:.al. 

separation plate . This peraitted proper ac­

counting for the radioactive heat of decay 

of tritium. 

iii) Experia:entally determined valuu (see the_ 

following section) ,,ere used for relat,ive 

volatilities of the three principal isotopic 

species - o2 , DT, and T2• 

iv) Expericentally detemined valuoo (see the 

a standard coa:merci.il -refrigerator- with a· c8pai:1cy · -

of 450 W ,at 20 ,C. Altern:itively, energy input i 

follCM.ng seCtion) were USed- for" the Sep-;. 
rating efficiency or Ho.ight Equ1v3lent to a 

Theoretical Plate (HETP) of specific. colucn 

packings for the i sotopic ::aixt.ures . 

requirecents could be reduced by about one-third 

by integrating the refrigeration cycle vith the 

distilln tion process by utilizing the column 

reboile.rs as pre.coolers in the refrigeration cycle. · 

This more efficient c ycle was not chosen for TSTA 

because operating ease and flexibility ,,ould be 

lost and savings would be nominal in this size 

systec. 

C01m>uter Control 

Like all major subsystecs of the TSTA, the ISS 

is designed to be integrated with a large central 

cooputer , which ""-111 moa.itor and con trol the pro­

cess. A special feature of t.his integration vill 

be t he inclusion of four or five quadrupole cass 

spectro::ieters , which v-111 providE!. on- line analyses 

of strea!J compositions to the cocputer for use in 

i t s control f unct ions . 

OESIG~ HEll!OD 

The m.3j Ot: process design calcul.3tions in their 

final fom were made by cean.s of a ccr.::::iputer code 

·.-:-.1 
r l'11'.1 ::t.!( ! 0 

• • A 11" 

flt •.: .t- 0 ,•.•-, Ct: ~•;: • 7 .. • J". PLUS FOLIO • T" llll !) '/' 
, : .. u,·r 

v) An icportant design consideration, tritiu::a 

inventory, was computed from c0C1.posi.ti.ons on 

each plate, sue.med, and printed out . 

The design code can trea t colUCU1s hav ing 

multiple feed stre.im.s, but does not treat cw.l.t.ipl] 
interlinked col=s together as a syatu. Inter­

linking the colui::ns was done by hand fo r TSTA, 

E."C'Cerimental Determin,3tion of Destsn Parmeters 

Because only licited data were ava.1.lable fo-r 

tritiUI:J systeos, laboratory ceasureciects \lere made 

to determine tu-o of the key des ign par .c:eters on i 
which the l east information was avai.Ltble - namelyl: 
the r~lative vola tilities for o2/rn:/T2 • and the 

separating efficiency (a:ensur ed as IIETP) of coc­

n:e rcial distillation colucn packings , A third I 
parameter, the allowable vapor velocity, was also 

;xPio;ed· -fu - t h~ laboratory fo; c~P.:irlso~ ~th - -,1•. 

other sources . 

C 



Tho rela.tive volatility of two coaponants is. 

of couroe , related to their vapor pressures nnd is 

ess ntially the sep4ration factor for a single 

stag distillation of those components. Values 

"1ere measured for D2 /0T and for o
2

/T
2 

and were 

found to lie about 5% below the ideal values com­

puted as the ratio of vapor pressures of the pure 

c01:1ponants f lO) 

REI"P's were measured in a small, prototype 

distillation column of 9.5•mm i .d. x 457-= in 

packed height . Series of tests vere made using 

two different comcercial co!umn packings, as de.­

scribed in Table II. B"otb packings indicated a 

, 

Superficial vapor veloclties ve't'e also measure; 

in the prototype still. Velodtlea up to 66 = /sec 
vcre obt:iincd with no sign of deterioration in sep­

ar:iting efficiency or column perfon:iance. Other 

workct"s have operated successfully us1ng vapor 

velocities above 125 mm/sec in aixturea of hydrogen 

isotopes and si.oilnr packings . A vapor velocity of 

89 rrim / sec was used in the process design calcula-

tions. 

FINAL PROCESS DESIGN 

With.in the constraints mentioned, a system vas 

designed by use of the. cOQputer code to perfom the 

required separations sbovn in Figure 2. The re-

void fraction of 0.88 as packed. The first packing sulting systea specificatioos are sUC1Carized in 

was tested only on mixtures of hydrogen (procium) Table III. 

and deuterium and the second was tested both with The four columns - together with redundant in-

H-D ond D-T cixtures . The results indicated values strUt::1entation, necessary intercoMecti.ng and re­

of HETP of 50 :!:. 5 mm. A va lue of 50 mm vas used in frigeration piping, and a thermal shield at 77 K -

the process design calculations , are enclosed in a single , st.:ainless steel, vacuum 

TABLE II. Specifications of Pac.king Materials Tested in Prototype 

!!!g_. 

- . Eglin- -

Podbielniak 

~ 

col. -packing 

Heli-Pak 

model no. 

- 1664-

3012 

descript. 

-st. -st.· - 'Wire coils ·- -

st . s t. flat 'n'd helices 

TABLE III. Final Design Specifications of the ISS 
I 

Col. 1 

Col . 2 

Col. 3 

~ 
Over-all Total 

a outer vacuum shell 

b excluding heat leak 

c including reboilers 

r.:r1 • 1.::1 •r. !:l'•:· ,11·· 

col. packed 

ht., m 

4.11 

4.06 

3.20 

....!:.!!... 
5.54 

col. inside 

diam. 1 cm 

29 .0 

19.0 

23.2 

-1!.&.. 
j 

711. 4 

L.: 

I ' • .. ;. 1..' :., l- 1• • ) • ." ~ •I • 

• l 'l l) I.; ...,1 .;· •• 

Rcfrig. 

@ 20 K. II 

38.6 

18 .2 

24.1 

64.6 

145.5b 

~-
· l.5-x 1 . 5 mm-

0.03 X 0.07 X 0 . 07 in. 

·tritiw:i 

invento!l:a 8 
34.3 

O.l 

57.S 

..1!!.d.. 
102. 2c 
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shell, which also ·serves as secondary cont ainment 

for the process tritium. This unit will be sup­

plied and t est ed com:ncrcially at a cost of about 

$1 . 2 million, with installation at TSTA scheduled 

for 1981 . 

10. Sher=n, R. H. , .J. R. 8"rtlit , and R. A. 

~ 
A. description is presented of the functions, 

design concepts , and final desi.gn of a system of 

four, interlinke d , cryogenic distillation columns 

for separilting a stream of mixed hydrogen isotopes 

into four high- purity product streams needed i.n a 

prototype 0-T fueling system for fusion power 

reactors. 
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