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MERCURY SEPARATION FOR POWER REACTORS, I - MFRCURY ISOTOPE SEPARATION

2. T. Bahn

Mercury possesses distinct advantage as a primary heat exchange mediuvm ir liqul
metal fueled reactors by virtue of its relatively lov boiling point and the
existent technology for iis use, Nowever, certain isotopes of mercury posseis
unusually lerge neutron cross-sections.

The problem may be spproached ia two ways, One can efther provide & smethod of
sepsrating the heavier, low-cross section isotopes (e.g. Bg-20h = 0.h barnas)
or quantitatively remove the mercury from the liquid metal prior to recycling.
This psper concerns the former, and evaluates the potential of several imotope
separation processes.

A process is required which will produce ten kg. per day of mercury containing
greater than 99 percent of mercury-204 at s cost of $250 per kg.l However,
processes vill be screened by an inftisl goal of one kg/day containing 90 to 98
percent, In all cases, the feed material is naturally otcurring mércury vith a
concentration of 6.8 percent mercury-20k. The situation vith respect to the
“"waste stream” 1is unique in that the mercury may be returned to industry, some-
vhat I{ghter for i{ts experience, but with essentially no change (n value.

Bummery and Conclusions

1. A survey is made of methods of isotope separation to deternine vhether any
are potentislly capable of producing ten kilograms per dsy of mercury contatning
99 percent mercury-204 at a cost of $250, per kilogram or less, The methods
exanined are gas centrifu,ation, chemical exchange, liquid and gasecus thermal
4iffusion, photo-excitation, 4istillation-diffusion and barrier diffusion.

2, Only distillation-diffusion 4@ found capable of producing the desired results,
From the standpoint of plant cost the distillation-diffusion cascade {o must
promising since little mochanical equipment is required and the separating
elipents are easily constructed. Energy costs are sufficlently lov that ledor
costs vill probably de critical. A separation faitor for mercury-204 of slightly
less than 1.013 per stage has been calculated from the experimental date of

W. O. Barkins, Recent barrier development may permit a diffusion rate greater
then 50 cc/hr. per unit thereby reducing plant site.

3. A Aistillation-diffusion cascade can produce 99,5 percent wercury-20k

at 10 kg/day for $250./xg 1f labor costs can be kept under $118./kg. Ia thie
case, the plant would contein 79,500 uvnits. A waste stream of 1258 kg/day of
mercury conteining 6.08 percent 204 would dbe returned to industry.

K. The possibility of e process based solely upon gaseous diffusion canaot Ge
discounted., However experimental dats and barrier costs are lacking for this
case, The experimental separation factor is estimated o be 1,003 per stege.
Energy costs alone will be close to the limit set. Pumps replace the vaporization
heaters of the combination process. The barrier sres required vill be about 18
times greater than the latter. '

.

1, C. A. Rohrmann, private communication, .
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—‘-'l-: 1 : Qas Centrifugstion
— *s The requiremente for a centrifugal process are calculated by the method of Cohen.? L
y For convenience a glossary of terms 1s included at the conclusion of this document. f
) : S : .
—— b Ve first calculaty s sisple process separation factor o1, 1
: from the equations:
i R 2
: o= amp (M) Gra) (1)
] i ) 2k
: vhere M), and M% are the atomic wighta of the light and heavy
) howpn respsctively.
t
: & 1s the angular velocity, uc".
'
; r, 1s the radius at the periphery, cm.
/ : N is the ges constant, 8.31h X 107 ergs/*k/mole.
; T s the absolute tempersture, °K.
: 1 A peripheral velocity of 3 X 10" ca/sec is provably close to ine upper limit
: ' {mpcsed by the tensile strength of the centrifuge bowl. The average mcliecular
——— H veight, excluding 204, 1s 200.3. The appropriate mass differerce lies betveen
: tvo snd six, the velghted &ifference being 3.7 mass units, Using the latter
— i figure and a uapetuun of L69°K, O w 1.04k, Diatomicity in the vapor atate
— { ‘would tend to reduce this value.
— Ve nov taleulets the valus of the separstive work to be performed,
: The value function ¥V, is defined as
- H 1.N KR 1-2 8%
i\ ¥ = {2%1) 1n 2(2-%o) + ( °)‘; o) » (2)
' ¥, (1-M) LIS SR
A——— g
: vbere X refers to the atow fraction of desired isotope
: and ¥, » 0.068 for natursl mercury,
' A plot of valus function par atom fraction versus the atam fraction for both the N
' rectifying and stripping section is given ip Figure 1. The value function is { .
) not limtted tc centrifugation, but is applicatle to the separative vork required i
: of any process vhich produces product and vaste of concentrations l snd B from
I ] I : feed material of concentration X,
I
1.0 ! Por the region of interest (0,90 € l,,( 0.98):
i 640
i ¥V o= 19.7h lpz' » vhere X 18 the stom fraction in the (3) X
! ; N & product, v l
s This aquation {s valid within less than two percent.
-‘ i
IFIED ; 2. K. Cohen, The Theory of Isotope Separation, NXES II1-18, MeGrav-E11l (19%51). N
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Bince the tails from the first stege may be returned to industry, the sepersiive
vork of only a single stege i» involved. The contribution of the stripping
section to the value function may therefore be neglected vith less than one
percent error.

The total value AU to be produced is given by

Ay«vrp (s}
where P = 1 Kg Hg per day or 0.01157 g= Hg/sec.

Ay = 0.228 lpz'é)‘o on/sec. (s)

The maximum separative pover of a centrifuge ia given by

292
@), = 0 [Pet)_fora)” Tmz (®

vhers @ 18 the density {an/cud)
D is the aiffusion constant {cn?/sec)
and T 48 the lengih of cestrifuge (cm,)

The product of @ and D {» characteristic of the working
medium and for gases Lt is proportioasl to the viscosity 0‘.

Ve may vrite @D » 1.k vith o probms errcr of less
than seven percent, From viscosity date’ for mercury we
derive the equation,

R= o [ 52 - 006 | m

and therefore the ¢ D product may be expressed solely se
8 function of temperature by

€D = lhep ['2%1 - 5.896] T
If we choose & centrifuge of 100 cm. length and 30,000 cm/sec peripheral

velocity, and arbitrarily assign the mintmum mass difference of two units,
esgquation {6) becomes :

. §
€¥)nex * "—%—2’—-’9— oxp [-931/‘: - 5.696] S
Differentiating we obtain,
8 U0y « (9372 1) e [~937/r - 5.896] {10)

3. Iaternstional Criticsl Tables, let ed, Yol ¥, p. 2. .
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and taking the non-tero solution we find the optimum temperature to be A67°K.

It 49 interesting to note that this tempercture of maximum seperative powver is
dependent only upon the firet coefficient obtaived in the viscosity axpresaion
(7) and is independent of the centrifuge design. It is, of ccurse, true trat the
design deternines the efficlency or fracticn of {§U)pey Atteined.

Finally, for the totsl number of ccntrifw;n (or other
separative units) required,
Au 1
L
X- &8 )

Ve have nov reduced this velue to & functiocn of atom
fraction l (Eqn. 5) and tempersture T (Eqn. 9).

A nc-osnph is given (Pigure 11} to 1llustrate the {nterdependence of these
variables. It is apparent that temperature 13 not an extremely critical
variable in the range of fnterest.
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Under the optimum conditions previously cited, to produce one kilogram per day
of 90 percent mercury-204, 3940 centrifuges are required, If the weighted mass
difference of 3.7 units {e used, s factor of (1.85)% = 3.42 18 gained. We then
require 1150 centrifuges.

Based upon previous nti.-n.n5 the operating cost of this plant is found to de
in excess of $13 per gram of aercury-204,

Chenical Exchange

To obtain a high sepsretion factor in chemical exchange it 19 desiredble that one
©f the exchangicg species boud as little and as loosely as possidbie 10 ite
neighboring atims while the other species forms many tight donds., Obviously
elezental mercury possesses the forwer quality, and {n addition would prchadly
exchange rapidly from its liquid state. A sezcond species of mercury nust be
then found vhich formws many high frequency bouds, 1.¢. it possesses s large
partition functlon.

A rapid wethod of estixating partition functions bae been dccctibeds~ wvhich esploys
the Bigeleisan equation:

£ o« 19 4% (2) (m) u12 (12)

whered!: ia the mass difference betveen 1s0topes of mass Ny
and ”2.

D §{s the number of bonds formed with adjoining atom
of pa2s =,
. - hc'yk‘!,

and ‘1 15 the symmetrical stretching frequency of tha boud.

The maximum coordinstion number of mercury i{g four as evidenced {n the divalent
tetrachlorcmercurate fon. It has been shown’ trhat chloride bonding generslly
produces lover-velued partition functions than bonds vith oxygen and fluorine.
Howvever, nejther s tetrafluorcmercurste 1om nor a percxide is koown.

The compound HgP., posseases the largest value sstimated by this mathod. Por
Bg¥, end a voighgad difference of 3.7 mass unite, £ & 1.00155., In coedination with
elezental mercury this aleo represents the simple process separation fesctor.

The large pumber of stages snd rapid exchange required &iscourage further
consideration of this method.

Liquid Thermal Niffusion

We firsi define the thermal atrmxba columm constants B and X according to
Abvlson® such that .

L, W0-3328 (Secret).
$. X. T. Hakn, J. Chem. Physics 15, 261 (1947).

6. P. V. Abelson, NXES IX-1, (Secret). UNCLASSTYIXD
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X - gggbd g AT
T20 R,
k- f2e(ae)®n’ cepa
3.63 X :0°0%

ot 1
K

vhere g = 981 cm nec”2,

RW-5k812
(13)

(18)

Q13)

Ag 1o the density diffarence (x= en”)resulting from the
L
temperature difference, AT (°K).

s 41s the snnuler spacing, cm.

b s the meen ansular eircunference, cm,

q s the thermal &iffusion coefficient, do;'l,

snd other terms have been defined previously.

Coobination and reduction produces

oo 1:36 (A0) &2 o(ATIAD
2.64 (80)% 2® wl0?

(16)

Dunony." vucocny,a dttmtm,9 and thermal couducuvitym

data for mercury are approximated by

Ag= 0.002 AT,
nWwéxio0r,

s = 0.0213 AT, o
Subatituting in {16)

- Qan
(18)
(19)

oxe L85 x107%ar" (1) g ~ (20)
S 1418 X 10777427 + 6.4 X 207

snd ve nov bave oOtes & functioa

of two Wutm varisdbles.

Internetionsl Critica! Tables, lst E4., Vol II, p. 458,

Ibld.. Vola. V. P 1.
J. Chem. Puys 20, 395670 {1952).

Chemicsl Engineers Eandboox, John M. Perry, ed., 204 $d., p. 949.
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Ve moxfmire cxby differentiatirg with respect to &T at
constant T, and obtain
/3

1
AT pay) = 02075 T (21)

The temperature of MOO’K is chossn as essily obtainable, and

we must then have AT » 1.53°K and a = 0.0326 ca. Columrs vith
this annular ﬁcclng heve been fabricated in the Eanford
Lavoratories.*’ From {13) and {20} we calculate ot~ 17.5

and B = 2,83 X 1073 . ’

The total number of coluans anutud in an tdeal cascede s

glven by
Xs sPY (22}
oc LyHy

vhere the subscripts refer to an individual coliean and V $o
defined by (2).

Jor sarichment of one kilogrsa of mercury to 50 percent mercury-20h, ¥ = 15.2,
Bince the stripped mercury may be returned to induspiry we need not de concarned
with holdup and may choote long columns, e.8. feet., For this length we find
the number of columns required 1s 1,14 X -10’2/q » The value of 4 mast be
determined experimentally, but e prodably no greatar thaa 107 The number
of columns is therefore prohibitively high. '

Therms! Diffusicn tn Mercury Vapor

Bone experirental dats is availablel? for the separstion 4f mercury isotopes dy
gaseous thermal diffusion. Tre separstion vas tale in a tube 220 cx. long end

0.7 cm, in diaveter, vith an sxially locsted tungsten vire at 1800 C. An insulsted
outer tube maintained the working tube above 352 C. Mercury at the lover end

vas hested by a constant d.¢. source; st the uprper enl the mercury vapor Aiffused
through sn argon cushion. A wvithdraval rate of 0.25 gm. per hour produced a
difference in stomic veight of 0.09 percent” bewwesn 1ight and maturally otcurring
mercury after (O hours,

The magnitude of separation and rate of production are too emall o de useful for
the present requirement.

Photo-Excitation

A method of sepasrsting mercury isotopes by a photochemical process hss been
descrived.ld The method makes use of a monoisotopic resonance laxp as the source of

11, H¥.39477, B. T, Eahn, Interis Report op the Separation of Isotopes by Liquid
Therzal Diffusion, October, 1955,

12, Katurvissenschaften 27, 534 (1939).

13, J. Chem. Phys, ﬂ' 170240 (l‘)s}’t

® This percentage appears in Chemical Abatracts; however tbe original note contains

the value "0,S 0/00", 1I¢ is possible that this rather unigue termirology is »

typographical error, {n which case the geparation would be of faterart {nleed. An

attempt will be wade to correspond with one of the suthors, Harteck. AASSIPTED
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y light. 1In this particuler cese a morcury-163 lasp was used to excite the mercury-198 ]

staes in the naturslly oceurring mixture of (sotopes, The sctivated mercury atoma
reacted vith vater vapor to produce enrichbed wercuric oxide, A separation factor
of 1.% wvas obtained, Ko producticn reate or yield is given.

s

The separation is based upon the Tact that tne hyperfine structure of tne 2537 i
1ine {n mercury revesls a 198 comporent scmevhat removed from the other fsotzpes.

: Unfortunately the 197 a, 201 & ana 20k compiments >f this redimticn are superimposed,
~oA 80 that it would be useless for the sepsration of mercury-20s. However, other

: mercury lines do possess isolated 20L-cumponents as shovu in Tadble I, compiled

< e P4 e e = ey § P g R T

from reference lk.
; mas 1
PINE STRUCTURS CP MIRCURY LINES .
Teotopic Shift, cut !
Tsotopie Component 2537 : 6716 : 6214 : 6012:’_;_
198 +0.161 0.233 -0.070 0,241 ;, ?
19 s -0.333 0,195 -0.268 «0.867 :
199 % +0.132 . -0.118 0.799
199 ¢ +0.394 - «0.117 -0.465
199 ¢ - - . w20 ;
200 0 0118 -0.0k0 «0.120 !
) 201 a -0.333 “0.2Th +0.185 «0.630
201 % Q.94 - 40,201 -0 ,.465 1
202 «0.178 0 ° ° .
204 <0.333 022 +0.020 +0.118

In both the 6072 § and 6716 § rediations of mercury the 20k-component is separated
from i%s nesTest neighbor by 0.12 ca*l. (The nearost naigkdor {n both lines is

j fortunetely the 202-component}. Thie may be ccepared to a major component proximity

of 0.16 ca™* for the 193-separation previcusly cited.

However, tvo factors vill resirict ihe applicability of this informatlon. Firstly,
the {atensity of both the 6072 and 6716 § 1inea {a less than the 2537 § line by &

e e = e S e e i by £ O A e P A i s

Ih. Teltw.f. Physik. 12, 423-L41 (1931).
UNCLASSIFIED
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factor greater than ten, Of greater {mportance {s the faet that both the longer
radlatfuns arise from transitions Letveen excited siutea. 'It would therefore be
vecensary to excite the sublect mercury atosa tn the £als ‘8, and 6878 351 states
prior to {rrediation. Other stoms wuld be excited Lo the intermadinte Fafif
leveln also. A remction requiring 220 Xcal/mole must nov be provided to retwn

~the 6Ga7e atoms to the ground atate without affecting the lover excited states.

Thus, consideredble research may be required vwith no sesursnce that the yleids
wvill be sufficiently high.

KXo dats were found on the hyperfine structure of mercury radifation {n the vecuuam
ultraviolet renge. Bere, too, laboratory research would be required before a
complete evaluation could de made.

Distillstion-Diffusion

Processes based upon the relative rates of molecular diffusion or of evaporation
would yteld rates inversely proportionrl 1o the square rootas of the masses., Yor
8 mixture of mercury isotopes, Harkins ’ fives an equimolar effective zass
difference of three units, and for mercury 201-204 this rati{o would then be 1.007.

A series of experiments involving e combination of diffustion and distilletion’®-17 ts
appropriste to this discussion.

In each stage mercury vepcr vas distilled at about $ ma pressure from & flaskx vith
wide vertical neck into & vertical Pyrex tube contsining s filter paper membrane.
The height of the tube wes about seven feet; the lengeh of 4iffusiocn element was
one meter; the dianeter was 3O xm, The berrier vas surrounded by s wvater lscket,
After diffusios through the barrier the mercury condensed on the wall of the Jacket
and vas collectcd at the beae of the arnulus. The paper btorrier was relatively
short-lived and eight hours vss required to replace it. A diffusion rate of 50

cc per Lour vas found optimum, with each stage inttislly conteining 50 c¢.

Higher rates shortened the life of the merbrane, The rate of evsporation wvss

50 c¢ per hour. A cut of 50 percent vas made et each stage.

Mass changes vere determined by density measurezsnts, and compoaitica changes by

the equations of Harkins.l? The heavy fraction gained O.1 unit after 25 operations,
while the light fraction lost 0.08 unit after 20 operations, Prom an original
eoncentration of 6.45 percent (lover than the acdern value), the correspondirg
mercury.2Ch end concentrations vere T7.45 and 5.73 percent respectively. From this
dats a weparation factor of 1,0120 per stage 1s calculated for mercary-20C4 relative
to the other isotopes.

The chief cbjection to the Alatillation-diffusion batch separations conducied by
Rarkins wns the need for freoquent replacement of the jojer diffusion berriers.
Development of the srt of barrier manufacture Les progressed rapidly as & result’
of exyerience gained in sepnraling uraniuva isstoyes by the gasesus diffasien of
urenfwa hexofluoride, Creation of & sultable persuncat btorrier material should
therefore procent no rroblem at this tine.® Incrcased arce ¢r permenbility wiil

15, J. /mer. Chen. Soe, E%, 56 (1922).
16, J. Amer. Chem, Soc. §5, 1592, {1w3).
17. Fhil, ¥ag. § {1}, Gk (1500},

# Gteel, ceramice, of graphite have good corraston resistence Lo meriury at these
temperatures. INSTASSTF D
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incyesse tle througtput per unit. Unit cost per element may be anticipsted to §

] be lov since the elements require neither mechanical parts nor close tolerances.

o
N
P O e

We nov combine each of the eeparate dtetillation-condensation oyerations {ato a
stripping piant, arranging the cascade 80 tiat only; material of identlcal coepesition
{8 coxbined gfter SO percent 2uts, Thege charactaristizg olcosely epproxisate those
of an idesl cascsde,

Ty

'l'hg separative pover of a single unit under these conditions-
1s

8« - (o102 (23)
1 ware G 18 the rate of feed to the unit,

[ U

V¥ith s diffusion rate of 50 ¢¢ per hour per unit, G = 1360 gns/bhr
or 0,378 em/aec. The sepsration factor is 1.0125. The value ; ]
produced per ualt is 4 i

&U = 3,10 X 10°° gu/sec,

S
P

In arder to produce one kilogras per day of mercury containing : 9
90 percent wercury-204 & total value gain o 0.176 gn/sec s Ly
required {from Eqn. 5). nupber of unita necessary is
therefore 0.176/3.1 X 107 = 5678 uafite.

The overall Ote l!p/lollp/xo/).-lo ® 123, and the nusber of 3: i
stages is

; : 8 = dog 12 - 378 {av) 1
] '1"0‘3 by "3‘.0128 : .

4 The pover requirsments of vaporitation are $678 (680){71)(2.1
X 1079} = 302 Xv. If & loss in conlensation of 200°C is

‘assumed, an sdditional 29 Kv (e required for reheating. At /
& por 'r cost of $0.005/Xvh, the sinimum operating ccst would
be

wi%%&.m « $0.040 per @ mereury,

e ek

To this point we have neglected ‘he etripping section, From the data of Harking
Xyox, = 0.0036 per stage. The effect of varying the vaste concentration ie shown

in Table 11 for a plant producing one kg. per day of 90 percent mercury-20% frem
e feed containing 6.8 percent.

VNCLASSIPIED
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TABL® 1T 3

STHIPPING SECTION

N AR B e e 1 R B o b

Stripping Total Total Feed T Bower . 4
Stages | Stages  Untte  kg/dey N xg/day v coat iirg 1
1 378 5678 2312 0.06T6h  15.232 130 ]
2 KYF) $700 1157 0.06728  12.270 331 ko }
3 38 5710 m 0.06692  15.299 kx| % ]
5 81 57%2 k3 0.0662 15.376 13 M
1o 383 813 232 0.06W%  15.572 338 n
20 388 5974 117 0.0608 16.000 347 42
It 1s possible to avoid sll but one stripping stage, To 40 80 requires s
Felatively large feed rate, as may bde seen in Tadble II. Yor comparison the

1956 production rete of sercury in this country ves 2252 Xg/dsy. Additicn
of 20 stripping steges reducas the feed requirement to less t*an ten percent ¢
of this amount with a five perceant increase §n ualt puei™ <ust.

Obviously the process has grestar cepabilities than one Kg/day of 90 percent ;
wercury-20%, and still remain vith $0.25 per gras, i

¥e nov estizate the total cost ss follove: -

w AU o Av '
‘X &V T 10T Kg/aay (25) .

The heating requirement st five mils/Xvh s {0,0520) %o. of 4

Assuming 95 percent of the snergy coets are in hesting and
vaporiting mercury,

0.0980}{ .005) (24

_Beating cost » o . 0.00733 { X ) dollars

3.
The cost of & unit is & matter of conjecturs, bBut $25 per unit 1
does not sees unreasonsble. Vhea amortized over ten yesrs, : }

" Pquipment cost @ (X 25, o o.00685 (XD dollers
~(p) 3650 . (P) rg.

. With this type unit the plant shauld be ansentially free of '
maintenance. With {natrumentation, lat's assume the manpower
cost per 3000 units at an optimistic ¥25. per shift:

" an. A
Manpover cost e 3? ;9..0 - 0.0250 :%C_g do;:..n

ey
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The lador cost {8 thus more than three times Lhe energy or
equirment ccats,

Suming:

Total cost = 0,03918 (—PX) dollars/Xg mercury (26)

B Lt e

K " For the entire range, from (25):

Total cost = th.§ -%g {27}
At P » 10 Kg/day, N = 0,995, X, = 0,0608, ¥ te found to be 1238
Kg/dsy. Yor this chse the Teed constitutes 57 percent of the

\ ] nationsl producticn. The walue to be produced s 213 Xg/day, e
nuxber of units required is 79,500, and the total cust frow Iqa.
27) 1s $211 /e,

To 1llusiygyte the importance of labor cost still further, let's
assume the plent may be g0 autcmsted that one man can tend L4500
units, This reduces Eqn. (27) to

Totl Cost o 1.5 AY S {23)

S, B A S AT (e s Bt W, § P e A

Jnd the product o8t to $245/Xg mercury.

v et tm— - T ap

A distillation-diffusion process therefore appeara fessible when based solely upon 7
the sxperimental data of ¥, D. Harkins. One envisicns e cascade of stills possersing
pernanent diffusion burriers, so srranged that folloving a pre-set distillation
pericd the lesters ard docnérgleed sul walvod actiated, reléaising the SI20.5ate &S
the folloving light-component stege. The valves close, the healers are snergized,
and the cycle repested ad infinitun, IV 4s aleo apparent Lhat the throughjut of

& unit could be {ncreased above that of the Harkins units by the proper coshimation
of area and perweability of darriers.

oy

Casecus Diffusion ’ {

The possibility of a process based solely upon geseous diffusion cannot te diszounted, N
Hovever, 1t ta probable that the sffective separstion factor vill be less than the

theoretical vlsue of 1.007, therely considerably incressing the throughput require-

gent (i.e. tarrier ares). i

Pumping costs répresent a considersble fraction of the opersting cost o® a diffusion

plant, We pay spproximate the cost of puepi..g as follovs. Assune an effective

A sepsration factor of 1,003 and an operating pressure retic scross the barrier of
five. :

The fsothermal work of compression at $00°K i

- ‘ : v e uu;a = (1.987) (500} (2.303) (0.699) « 1600 col/ mole (30}
' 1

- g g
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.

The total flov is glven Dy,

o>t 1 Ay 2,00 - b
W b W {0,176) = 3.91 X 10 gufeec {n)

‘l'he/ fiow through the barriers ia ope-half this, or 1.174 X )06
o /ain,.

The pover requiresents ere then:

1600 enl (1176 X 106_@_) (6.98 X 10°°) = 652 Xv
ol o= ain

If the pueping costs are essumzed ty be 75 perient of operating
cost, the latter, at five mils/kvi. vould te.

652 (0.005) {24) o $o.
N 55 $0.11/¢m gercury

18 has estizated, by a somevhat 41fforent approach, the totsl cost for 55.5
Ppercent mercury-2Ch to be $0.45 per gram. Pfor corresvonding vroduct comcentration
our estirates would be $0.17 per grem, exzluling plant and labor costs, Ccnstders
tng the approximations involved {n both celeuwiations the estisates do not diffe?
greatly. A barrier ares About 18 times greatar then the correspondicg dlet:illaticne~
diffusion and considerably more pumps vould bte required. It is concluded that the
gains to be pade by conbining tvo separstive yroceseses 1a ofie high throughput

opa 3ticn place the distillation-diffusion procees in the most faverable econcmic
povition of ell the {sotope sesorstions schexmes ccnsidered {n thi, dccusment.

K. T Eahimidp

18, . l-n\horn,‘ privete communication.
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GLOSSARY

Annulsr spscing, cm.

Heen annular eircumfarence, o,
Diffusion constant, em</sec,
Gravity -e«lcrcttgn, ﬂumz.

Rate of fead to unit,

Planck's constant.

Bclizmann's constant.

Leagth of column, ox.

Atomic weight of 1light isotope.
Ktomic veight of heavy fsotops.
Eunber of bonds formed.

Atos frection of desired feotope.
Atom fraction 1n origins) meterial.
Atos frectios 1o product,

Product rate.

Therssl diffuston co'tttclnt; degd,
Gaa constant, .ypfopr'.ch units,
Peripberel redive, ca.

Kunber of stages.

Absclute tempersture, °K,
Texperature difference,

Maximum seporative pover of a single unit.
To%sl value to be produced » VP,
Valus function, ulug pef anle,

Lengih of censrifuge, cm.
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ot e H/, column ecoratant rstio,
©f, Bimple process separstion factor,
Y.» Symmotrical stretchink freouency.
I‘, Yiscosity, poise,
@, Density, gufeal.
8P, Density differencs.
X, ‘tuster of separative units,
W, Argular velocity, gec™t,
/
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