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Chapter I: Gebera.l | Introduction

From 1‘928 to 1931 several papers on ths ages of imn
meteorites were published, b&seﬂ on analyses of their ne}.ﬁ.um
and urenium content ¢'). A new attempt to inoresse the
. aceuraoy of the age determinations was begun in %937 m the
_main alterations end the results obtained were desoribéd in
1942 (2). The e.pparatus and technigues used siere deacribed
in detail (3), Thorium as well as uranium results vese ob-
tained by det.em@ning the amums of the rare ges megbers
t.boﬁeh and radon. FPulses were 6b§a;;ned from a 'gas ionisation-
chagber containing thoron or raden and after suitable ampli-
fieation the pulses were redorded photographically. vhen
investigations were begun again in 1945 modern counting
equipment was introduced, The radpa=thoron method for}me
estimation of the tWwo main radioactive series was adepted and
developed further b& the present author,

Improvements ; were made both in the wanipulation of tharen
and radon, and in the carrier procedures used to cxtract the
paront activitdes. Useful results were obtained, in partioculsr
of the low age meteorites s3avik, Ahnighito, and HMuonionalusta.

However, new developments im the sointillatisn counting
of X particles and in the fluorimetrie determimatisn of uraniun

showed the radon-thoron method 4o be relatively less efficient.
An important oomllary t.o t.his is that muoh myre sample is
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needed for the radon-thoron method than for the new methods,

Blau and Dreyfus (4) used a gzine sulphide soreen end a
photomultiplier tube and measured the intensity of the current
produged by an X soureec. Coltmn and Varshall (5) shoved
that individusl light flashes could be deteoted with good
efficieney. Zine sulphide phosphors can be ommeq
comnereially which have & very low matural aativitw. This
peens that the msuﬂ@ mstmm using such & phosphor has
& lov background count (of the order of 1 sount per hour) and
copseguently lov activities esn be estimated more accurately,
even though the effieienoy of the sounter is less than that of
the gas~eounting ionisation chasber, In tm.s way the lowest
detectable amount of thorium was reduced f£rem 4 X 1077g. tte
1 % 10°Ig. (The "lowest -deteoteble amount’ has been caloulated
for comparable counting times, and represents the amount of
astivity whnse stondard deviation would be equal to + 1007,

Any less ampunt of aotlivity would have even less aecurzey, and
such & resuli . would have to be expressed as equal to, or leas
than, & csrtain limit.)

The fluorsseence produced by uranium when preseat in a
sodium fluoride matrix wes referred to by Nicholls and
slattery (®) and was used for the deteotion of uranium by
Papish and Hoag (), e mothod was developed for the
quantitative determination of urasiwn by Hemegger (3/ and
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and used for the measurement of uranium in sea—-water by
Hernegger and Karlik (9). This method is mere sensitive than
the redon method, reducing the lowest detcetable amount of

uranium from 4.8 x 1078z, to 6 x 10~9%,

New rediochemical methods were nceded fer both these
recently developed instrumenta, IV was necessary to design
procedures for the extraotion and separation of the smmll
amunts of uranium and thorium present in iren msteorites.
These methods wers developed by the author to permit a de-
termination of both series to be mrde from the seme sample.
Ideas for an analysis of the redium content by sointillatien
counter as & check on the fluorimetric amalysis of the uranium
content did not lead %o & suiteble procedure, After extraotion
and sep&muen of thorium the use of & repetitive source of
7h8 {and henoe Th¢) was proved possible, This inorcases the
aecuracy further, since & series of thorium estimations can be
obtained from the same sample and & thorium figure caloulated
by 'tfamng_the mean and computing the standard deviation in the
usual wWay.

Using the relevant parts of the developed procedures,
uraplum results were obtained from some residue selutiens of
the radon-thoron methsed., thus afferding a useful check,

Meny interesting oarrier procedures were investigated
both for the main methods and for the removal of the ameunts
of uranium and thoriwm present in the reagents used, In
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particular, series of tests showed that the ohsiee of ired

or girconium as & carrier for thorium in the coustic soda=
peroxide procedure had a gnéaﬁ effect on the subsequent,
efficlency of separation of uranium and therium, After ex-
haustive testing of procedure and reagent purity the meteorite
3on Martin was analysed for uranium and thorium., The results
agreed fairly well vith those obtained by earlier workers \2),

Host of the results oblained by this author relate to
iron meteorites, only one metoorite, Beddgelert being outside
this oclase. Beddgelert is a chondrite, The spootregraphic
and radisohemical amalyses of this meteorite and their results
are dosoribed in e separate chapier.

A gencral review of age determination by radicactivity has
not been ineluded here, simce s comprehensive survey ef the
many methods in use is muable “9). ‘However, an interesting
recent mothed of age deteriination of certaln rooks is due to
LoH. Anrens (11) ueing %7 as the "geochronometer®. The
conegentrations of rubidium and stremtium, the decay product,
ean be determined with somo sucgess using a speetrographic
methed, The uranium gentents of metcorites hove becn estimted
vy Davis {2) vho used o vacuun fusion teohnigue to liverate
raden, His results agree with those of Pameth et al (2),

Figure 1 shows the samplo of Savik (enlorged 1.5 times)
which was amalysed., A typical iren moteerite, Savik shows
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widmannstiten figures that are ¢lear and undeformed and
there is no poscibility of helium leakege.
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Chapter 11t _Eadon-Thoron me

(1)  Introductioen

In this method of Wmenneal analysis the two main
helium producing radicactive series arc estimated by means of
their rare-ges members; the Th2)2 series (see Fig. 2) by
thoron, and the U238 series (see Fig. 3) by raden. The U233
is not direotly estimated bubt the determination of the ¥U238
series affords an indireot estimation, sinee U23) 1s preseat
in & fized small ratis to U236, (U235/u238 = t/139) (137,

The immediate parent of cach ra.re gas is separated from
the series and the thoron and redon eollected and their
aotivities assessed in a gos lonisation chamber, The two
seriec are interrupted by corrier precipitation at 22 in the
U238 series and at ThX (an isotope of Ra) in the Th232 series,
Both these radioactive bodies are quantitatively brought down
from & homageneous seid selution by means of & precipitate of
barium sulphate. The barium sulphate is converted to barium.
chloride. The asslution obtained contains the thorium X and

radium initially present and the thoron and radon can be easily.

obtailied from this solution. Thoren (54.5 seconds half-1ife)
is muoh shorter-lived than radom (3.84 days half-life) and eo

@ method of counting each in the presence of the other has been

deviced, To estimate thoron a flow method is used, A flow of
nitrogen carries the thoron into the ionisatien ahegiber guiokly
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enough for most of it to desay there and give rise to counts,
Any radon present in this flow does not spend a long enough
time in the chamber to eont.ﬁb{zte appreciadbly to the count,
To estimate radon a statio method is used. The isnisation
ohamber which has previously been evacuated is filled with the
aceurulated radon from the barium chloride solution,

The apparatus used for the manipulation of the radio-
active gases is shown in Figure 4, The oentral point of the
apparatus is the manifold F which oen 1ink the chesiber system
ending at G to any of three other systems. Thesc are (a) the
nitrogen line, (b) the thoron system ending at E and (o) the
radon .system ending at N, The pump lead from the chamber (&)
system oontains a chareoel trap M (stopeoeck L) which can be
cooled in liquid nitrogen, and a stopcoock K. The charcoal
trep is used after a reassemdbly of the chamber system to clean
the internal chazber sﬁrfaqes, particularly the insulators,
from absorbed water VBPOUrs The manometer J indicates the
pressure inside the ohamber. Screv ¢lips I and G ela,mp on to

the rubber leads which conduot gas into or through the chamber.

For thomon determination the apparatus ABCDE is linked
through F to the chamber system GH ete. The flow of nitrogen
pagses through a graduated differentaia.i manometer A, using
mercury 28 the indicating ligquid, and the rubber lead B to the
thoron unit C whence 1t carries the thoron through E and F to
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the chasber, The thoron umii . ¢onsists of a B 10 socket
sealed inte the top of which is. a imm. bore tudbe, This tudbe
leads the gas flow below the surface of the liguid in the
tubblsr D which has the corresponding B 10 oona{ The gas is
then dried by passing it through a buld filled with EnH pellets,

Por radon determinations the apparatus NOPQR is linked
through F to the chamber system G.H. ete, N is a sinter disc
to keep fibres eto. out of the chamber where they can cause
insulator trauble, 0O is a large KOH pellet drying system. A
stopcock P leads to Q which is & sinter diso nitrogen leak
sealed off from‘ the air by mercury, Nitrogen is fed directly
underncath the sinter disc and vhen no demand for nitregen is
made by the system beyond P, 1§. bubbles eut through the
mereury seal to the atmosphere, Uhen the system beyond P is
evacuated and needs {0 be refilled with nitrogen the opening
of P calls on the supply end.mitrogen passes through the dise
and into the system,

Any possibility of introduoing air by having an in-
sufficient supply of nitregen for the demend of the system is
precluded by the surrounding mercury which, although sucked |
sgainst the disc, cennot pass through it. The radon unit R
is attached by cone and socket, The radon unit and its
manipulation are desciibed in detail later (see page3ds).




The ionisation chamber was the one used by Jaoob&'(j) .
with & modified electrode nssombly due to Mereor and Hartis,
The ionicction chamber is shown in Pigure 5. A mild steel
cylinder of 910 ml ocapacity, it has two tapered orifices for
the flow of gas. The end faces have a cireular groove into
which the body of the eylinder fits. The fit is rendered
vacuum tight with Everett's wax (Hord No. {). The top plate
has & thiok seetion A which borders the cylindrical asperture
into vhich fits the polystyrene insulator B and the central
electrode assesbly. The copper cemtral electrode E has a
concentric silica tube D fixed round it with high melting
point Apiezon wax, This (D) insulates E from ¢ the brass
guard ring whioh is earthed. C is waxed on to D with Aplezon
wva¥x in suech a way that the upger portion of D is untouched
and its insulating properties preserved, The insulator B is
tuined on the lathe, so as to £it the aperture in A and is
waxed in with Everebt'sywax. Tnis wax has a low melting point
:and congequently does not orack or distort the palystygena
whieh would, of ocourse, ruin its insulating properties. The
central electrode assembly (C,D and E) is waxed into the
oylindrical aperture of B, agein using the low melting point
waX, This is so to prevent the disarranging of the ccmtral
eleotrode assembly which would ensuye from the use of & higher

temperature. Finally the top plote whioh is pow fully




FIGURE 5.




assembled is fitted on to the body of the chamber and the

joint waxed with the low melting point wax. The central
electrode has an umbrells aitachment which shields the internal
insulators from the eleotrio field. There are silver solder
tabs on each of the three parts of tho chazber. These arxe
conneoted to the H.T. supply and in this way a uniform field

is assured., The chamber is construected of mild steel because
this material has been found to have a low natural activity ¢ '4),
As & further help to low background counts all internal metal
surfaces were nickel-plated., It is to be expected that during
the motallurgical processing of nickel by the carbonyl method
auch of the contaminating o sotivity will be lost.

AS is shown in tho block diagram (Figure 6) the ionisation
ohagber is housed in en earthed copper box (A) to soreen the
ohamber from stray eleotromegnetic rediatien. The lead from
the potentiometer which taps off the reguired potential from
the power supply is led into an amneXe of the copper box (not
showm) ‘wm;.e{m surrounds and screens D. D is a smoothing ocirouit
for the H.T. The chamber C rests on e sheet of neoprene to
insulate it from the earthed box A, The electrical leads to. =
and from the chasber passed through Pye plugs situated in.t.hé |
sides of A, Aerial-like loops in the wiring were avoided.

The ohamber is maintained at a potential of -450 volts,
The ionisation produced by an of partiele i3 mobilised by the
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\
electric field and the elsctrons are collested by the central
clectrode, Negative going pulses are produced corresponding

to the incidence of & particles., These negative going pulses
are fed through 2 short length of polythene insulated cable

to the first stage of 2 resistance—capecity coupled linear

pulse amplifier, modified from the 'type 1002' amplifier
tuilt for the Atomlc Energy HReseareh Establishment, Harwell,

The amplifier was congtrueted in tuo parts, & 'head amplifier!

giving a gain of aboul 100 with a oathode follower output

stage, cenneoted through a fairly long cable to the main
aoplifier which gives a gain of oirca 104,

In order to achieve adeguate stability of gain the anode
supply for the amplifier is eleotronically stabllised at |
a50 volte d.o. and the valve heaters, all connected in series,
run from this same supply through a suitable series resistance.
Tais also ¢limdnates the introduotien of 50 oyole ripple
through cathode-heater interaotion. The output from this
amplifier is displayed on & cathode ray osoillograph for visudl.
eheoking and fed also to a pulse amplitude discrimdnator, o
(bassd on a design by Cooke-Yarborough (15 )). By suliteble
cholce of the level of diseriminmation it oould be arranged
that pulses duz to of particle ionisation in ths chanber were
passed to the recording mcchanism wheress the random amplifier
‘nolise’ was effectively rejected., Sinee the average rate of
arrival of pulses is rarely greater than 1 or 2 per minute




no electronio sealing oircuit was normally used and the
disoriminated outpub was used directly to trigger a 'flip~
flop' cirouit driving o mochanieal counting meter. The rather
long resolution time {1/8 sec) of the mechanical meter had
the advantage »f making the whole system relatively ingensi-
tive to mlorophonioe interference, This usually appears as a
short damped train of impulses vhisch in gemeral can trip sueh
a recorder only once whereas an eleetrbnio sealing oirouit
vith much shorter resolution time would record @ oomsidsrable
number of spurious counts for each disturbansc of this type.

A éimple pen mcorder' comneected in parallel with the
mechanical moter provided a useful check on the reliability
of the reeosrded pulses., The pen recorien consisted of a5
rotating drum bearmg paper on which a pen or penoil described |
2 econtimious helix, A bvattexy oporated relay was atiached
to the soribing arm and the relay was operated whem a oount
was registered on the wechanieal meter. The pen was then
at.trs}oted awvay from its normal path and formed a clearly visible
mark. The resolving time of this device was much longer
(4 see) than that of the meehanical meter and so each eount
had not a corresponding mark. This meant that 2 straight-
forward 'count' could not be made from the trace avoiding
portions, obviously mecording breakdowns, However, its main
uge is that whersas the meechanical meter gives ne indieation
of the arrangement of the counts in tims, the pen recorder
shows whether the counts are randomly distributed or whether
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m2ny have oacurred together. Since the activitiss measured
are so low, it 1s very improbable that even groups of six or
five will oscuyr within a few seconds, ?hen these large
groups of counts are found in the trace, the run has to be
disecarded and the source of thé trouble located. During
normal leboratery working hours the cethede ray ococillegraph
was available for inepection and the agtual rate of osunt
could be checked periodlieally, but overnight the pon recorder
was the sole means of checking whethsr or not o count was wvalid,

- Typieal scotions of the trace of the pen Fooorder ars
shown in Pigure 7. The lengths of the helix shovm coFrespond
to approximately 4 sdnutes. (a) Shows a low radon count with
& small portien of the background on »e.ithe:f side, This was
taken as a valid count, (b) ."gngwe e high rate of counting
(oirea 550 per hour). This was & radon calibration run, end
wag taken as valid since the frequency distribution of singlets,
~ doublets, triplets, ete., io what onc would empect. (o) Shows
8 low thoron eount with no spurisus additions, (d4) Shows o
eount rendered invilid by much spurisus counting. This
actually occurred overaight and the mechanical meter simply
recorded 2 high activity. The C.R.0. noxt mmraing sheved that
conditions were sieady and that no broakdowns were taking plaee,
but the pen trace shows that breakdowns took place; after which
the counter regained stability.

By far the greateost single esuse of trouble was the
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insulatien systecm of the ionisation chauber, Uhen spurious
counting was tracked down to tho chzmber, it hod to be dis-
mantleod, The polystyrens blook was left in its seating in
the tep plate and the oentral eleotrode assembly rewmoved,
otrippod down, and thoroughly cleaned and dricd, The silica
insulater was boiled for scveral twure in conccntrated nitrio
acid, aspiously msned,and dried, Heanwhilc & very thinm
layer was turned off the inculating surfaces of the psly-
styrene block. The opportunity was taken to polich the
internal surfaces of the chamber to remove ony deposited
sotivity, & carefully prearramged order of assemdly ¥as
obgerved, so that no insulatinz surfece wes touched, After
asseubly the system had %o be pumped out over charcoal cooled
with liguid nitrogem. Semoc improvement in the inaidence of
insulator breakdown was found when as many as feur 100-ml
vessels of siliece-gel were kept in the copper bexX vwhioh hsused
the chezber, and when the 1id of this boX was cork lined and
firmly sorewed down. A speoisl brush was kept only for use
on the insulators, |

originally the gas leads to and frem the chaaber were of
stout capillary tubing terminating in B 10 cones which Titted
the tapered orifices of the chasber. This system mmde the
counter mierorhonia. FRubber lcads were substituted vhich
completely removed this trouble, and sade the removal and
insertion of the chazbor mish easier; simeec this Wpe of lead
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could be easily waxed im. fThe rubber leads proved reliable,
- both in the elecotrioal system, i.e., there were ns breakdowns
from the chamber via the rubber leads to the copper box, and
in the gas system, 1.e. they neither edsorbed nor contributed
to eny sotivity. |

(144) chomicel Procedure .

A brief test of the best reagent for dissolving an iren
meteorite was carried out, 10 mgm. portions of Galvert Ho. 2
turnings wore weighed out and treated with 10 ml. emunts of
‘the reagents shown in the following table. The time was noted
whed no speck of meteorite was visible. The test was carried
out ot lsb, temperature (eiros 18° ¢),

Solvent Time in hours

Zime in hours
oW Hiog . G.14

SN Hy80, eatd. With K28208 1.1

108 B 80, ° " " 1,6

103 HCl 2.1

ROucly 4,0

5 HaS04 28.0

L 120 _

Ha0 120 rusting. .
aone, HyShs | 120 metal still bright.

of these attacks ﬁ\THN% wag thought o be perheps teo
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quick, risking less of mateorial, and the conc, K61 { 108)
attaok was chosen as belng ressonably quick and easily
controlicd, It was found that o prolonged HCl treatment coould
Torm o homogencous solution of praotically the entire
meteorite sample.

So long as this solution wns stable enough to allew the
Baso, precipitation to be osrried out then the requirements
for the extrootion of the radium isotopes were fulfilled,

The emall residue left €ron the HCA attack was gemerally
resistant iron oxdde ond was very grﬂ&bly reduced by treatment
with het concemtzated m\sos. The very smnll residue now
revaining wes somotimes siliceous in mature and this could de
treated with BF and HCl0, in o platiowp dish, Fast the HCL
solution wes copeble of hnlding up most of the silica present ‘
wag sioun by the faol thiat AL too muoh HyS04 was added to the
meteorite solution, contaiming barium, & flocculent precipitate
of silica was produced as well as the enaréet.erisue
rrecipitate of Baso,. This ocourrence did not interfere with
the msthod, since the whole preocipitate could be fused with
alimli carbonate and the leached residue of 23604 obtained in
the norml way. Further, it was later found that a precipitatien
of silica frem o HGl solution did not interfere with either
‘uranium or thorium in that solution (see page 30 ).

Further attacks such as fusiob with allnli carbonstes
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or potash were available for porsistent reciduss, but were
goldom necessary. There is o danger in tackling e smell
reoidue with too much, and too grest o variety of resgent.
This grestly increases the ‘blonk' (i.0. the metivity
centributed by tbé resgents) vhich hes to be subtrasted from
the moteorite run, muoh to the cost of the accursey of the

vhere mare then ohe kind of attack was carried out it
wag found advisable to extrect the various solutiens with
BaS0, separately. Then the Baso 4 extraots ¢culd be onmbined
for the mst of the procedure, Afteor such a separate Bas0,
extyaction on the two wain attacks of a Sevik sarple {cono.
HC1 and hot cene. Em%) the two mother liquors were coubined
for storoge. (Extracted meteorite solutioms were always
stored since other data micht be obtained from them), AaAfter
an induction peried a vislent reestisn took place vhich caused
loss of some of the matorial, Since ethyl aleohol, which can
be used o imprnve the liquid suricoe in centrifuge tubes, had
besh avoided for the very reason that it might engemder such a
readtion, it wes susmised that the HCl selution mmst have
containcd some carbonaceous eateriel, Semetdmes the HC1 attack
of & moteorite resulted in o solutlon with o grease-like film
of graghitic-looking material, Graphite is well kneown as a

constituent of some iron metSerileés, &s is amorphous mn( 16) .

After homogeneous solutions of the meteorite had been
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nbtained (50 - 100 gm of moteorite were generally used) they
were cxtracted in the folloving way, Appreximtely 100 - 150
wgms B3 as Bagl, had already been added to the sasple befere
acid wos sdded, to act as holdback carrier, This barium was
preeipitated by the addition of 25% Hp504. The technique

used was preeisely that used for moximum reocovery of Bago, im
quantitative analysis, Pyrex glassware was used throughout,
singe it has been shovn thet soda glass adsorbs radium isotopes
(2). The precipitate was separated from its
maother liguor by centrifuging, end washed, It wos then trange-
forred to @ platinum dish and fused with 10 - 15 imes ite
weight of fusion mixture., The contents of the eosel platinum
dish were leached out with water and the BaGo; precipitate
scparated by contrifuging., The alkali carbonate mother liquor
was disearded. The fusion was repeated te cnoure that mo Bage,
recained to interxfere with the fimal solutioen of Batly obtained
by dissolving the BaGO3 in a little dilute HCl. Tals solution
wag transforred to & bubbler. These bubblers were of standard
30 ml capacity and ihe solution in them was kept at 15 amls for
8ll runs. This was necessary to preserve the de-emanating
conditions end dead spaec volume at stendard values,

fron solution

(iv) The Determination of Thoren
(o) Theory '

Zhe streaming method for thoron was first used by




strutt {17) ond 1ater vy Urry (18), petasied expositions of
the morw are given by Urry (19) and Koosy (20) A flow of
nitrogen is mainteined through the bubbler contecining the
thorium X obtained from the moteorite., The thoron atoms, after
they arc bomn, are swept out of the solution and into the
chamber., Ho aoccount is taken here of the Wlme log between the
birth of a thoron atom and ivc entzy inte the nitrogen stm@.

Let Noatoms of thorsn be in equilibrium with the thorium
X contained in the bubbler,

Then Ng(k-e:}%r) atoms of thoron dic before roaching the
chamber, where v is e voluw of "dead space” {(i.e. the
volume betueen tho surface of the liquid in tho bubbler and
the entrance to the chamber) and 1S5 is the rate of £low of
Ritrogen, |

Honies No[é}_r atoms of thoron reach the chanbes.

i N is the number of thorvon atoms deceyimz in the
chesber of volume \/ , then ’%7
N=Noe ¥ (I — ¢ )‘ (1)
The ratio N/N‘, is termed the 'recovory' of tac apporatus
aks heos its maxirmum when
AY

S = /&7@ (% + ‘> . (IX)
Cozbining cquations (I) and (II).
N =<£_)“VV A at optimm S
No \Venr Vtar
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Henoe for a given relation of chomber to dead space Volume
tho recovery of the apparatus can dbe osloulated. In the
folloving table a e velues are givern:-

/v 100 20 5 1

rRecovery S 94,5 81,8 59,6 29

>

The chamber volume is 910 mls. oOriginally the deed
spaco was b4 mls. Fitted into tho glnss gas loeds of the
ehRastoer were meroury coentrolled bonercturn valves. Those were
of use only in.r&don woFK when they closed up e chemberp
£illed with nitrogen and radon %o prevent the diffusion of
radon to taps greased with aplezon ‘whexe the raden vould have
been absorbed. ¥hen mubbOr gas leads werc substituted for
glass ones (see page ) ordinary scrocwelips were elamped on
to the rubber leads, which could close up the reden in the
charber, These prevemed any ébgorption of radon on apiem,
but 4igd not aontﬁbum to the dead spage. In this and ether
similor ways the dead space was reducsd to 40 mls.

Uoing the egquatlons derived above the optimus flow rate
and the reeovery (M/o) ean be caloulated for cach velue of
the dsed epage, This dete is shown in the followinz tables=

Charber vol. (mls) 910 10

Dead space vol. (mls) 64 49
optimum S (mls/min) 255 217

Exporinental 3 (mls/oin) 104 220
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N/Mo Lor opt. S () 1. 83
H/No for expt. S () 62,5 83

The reocovery (N/No) for any radon carried into the
nitrogen stream is 0.054. Radon hos suoch & rel#tively long
hal? 1ife (3.84 dage) thot the probability that any raden
atom will disintegrate during the short time it épends in the.
chamber, is very small, To contribute a count of 107 of g:ebe
thoron count the radium activity of the bubbler would have Laao
timecs 06 great as the theorium X asctivity, A contingenoy of
this naturo is so remote that it ean be disregarded, although
a corrcotion could be applied, 3Sines the error of a thorium
determination is rarely less than % 307 a contribution of 107
would hardly be discernidle. The recovery for any cotimon
(3,92 scoends half 1ifc) carried into the nitrogen stream is
16l. Hovever, the U235 series is present only im small pro-—
portion (1/139) to the U238 series although the former series:
is 6.35 times as aotive as the latter. Apart from these con=
smemtions, the serious faotor preventing any actinon Gan— .
tributing to ths thoren count is the time leog between the pirth
of an emanation atom and 4its entry inteo the mitrogen flow,
Por actinon this factor would prevent very nearly all the
actinon from reaching the chagber.

With the dead space at 64 mls end the flow rote at 104
mls/min, the average thoren calibration was 4.2 & 9,3 Coustts
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per hour per microgram of thorium., With the decad space at

40 mls and the flow rate at 220 mls/min the average thoren
oalibration wos 7.0 t 0,3 ets.per hour per miorogram of thorium,
This is o mioch greater improvement than weuld be expocted f£rom
the cbeve table,

L]

. Thus the 4.2 £ 0,3 figure corresponds to a regovery of
62,57« Inoreasing the recovery %o 837 should inecrease this
figure to 5.6 L 0.4, The difference between this last figure
and 7.0 £ 0,3 is most likal.y due to the inorease in extraction
of the newly born thoren atoms from the solution by the in-
oreased flow rate. This faotor is mot inoluded in the cal-
oulations of recovery.

It 1s to be noted that | miorogram of thorium gives oirce
15 & partioles per hour, Yet the thoren in equilibrium with
) mlorogram gives only 7 « partioles per hour by the thoren
method, If we take into oonsideration the fact that this
figare of 7 includes active deposit counts, the thoron ceunt is
only 5« 's/hour, Then we kmow that this is only 83¢ (by dead
spaes calculations) hence the correoted count really is 6« 's/
hour, Again the chamber counting efficiency and the recording
efficienay will heve lowered a given count by say 15¢, and we
can thus bring the oount to 7.1 's/hour,

Yo can now see that the various ecorreoctions we can apply




eannot elese the gep between theoretical expectotdon and the
praoctical result, Ye have to assuze that a time leg ouzists
botween the dbirth of a thoren atom and its entry into the flov
of mitrogen. Even if we assume that the various correcticns
are too small we can only bring the practical figure to 9« 's/
hour. #e can (very approximetely) csleoulate this tims log,
if we assume thet the difference between the expected esunt
(159 /hour) and the sbieined count (9ol{/hour) is due to this
o end a result of the oxder of 50 secgnds is fouxgd-.
This is of the same order as the half life (54,5 seconds)., 1In
seme later experiments it was shown (see page W2.) thet solutiens
of thorium X contained in open test~tubes de mot lose any
apprecieble emount of thoron, vhich loss would vitiacte any
results dependent en estimation of the equilibrium amount of
3 produced. Hahn {2V P197) giareq tat vecause of ite

549 sea. half life this emanation cannot be guantitatively
expelled from solutions., FHowever, Strassman (21 p°234), using
barium palmitate preparations of ThX has obtained nearly 1007
of the thoren from & proparstion, Evams, et al (22) refer to
the poor emanating pover of TX solutions, They caleulate the
emanating power of o typical solution to be 0.6, It is alse
interesting s note that Bihounek and Kiumpar $23) found that
& leaky vesgel conteining radium, mesothorium amd rediethorium
as salts gave off emanation whioh followed the typical raodan

aotive deposit decay curve with no evidencs of thoron aotive
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deposit decay. From this author's work, it seems that after
the birth of & thorob atem in a solutisn, on the average a
period of time of the same order as the hall life pnsses,
before the thoron atom can be swept into tho bubbles of the
extraoting gas ctream.

Earlier workers have maintained the experimental flow
rate below the optimum value (3). This was dene to aveid
using the dryirg sgent up teo quickly, and to aveid excessive
spraying of the solutien, [However, it is possible teo inerease
the quantity of drying material without inereasing the dead
space too rmeh; aotuslly only 1/3 to & of any inercase in
volume of the dxy:lng bulb will be an inorease in dead space,
A lerger drying bulb for the thoren unit is included in the
modified dead space of 40 mls. The second limitation imposed
on high flow rates, i.c. excessive spraying, was subjeocted to

& brief investigation.

The investigation into spray loss was -earried out in the
folloving way, vhen & thorium ealibration was perfermed, &
known ampunt of radium was added to the bubbler, which was net
enough to interfere with the thoron count, After the thoren
run of 12 hours, the bubbler was scaled into a raden unit and
the rodium estimated by tho radon method. The average ordinary
redium ealibration was 190 % 4 counts per hour per 10~'2 gm, ma,
Taking this as 1004 the special ra&imn solutions which had been
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subjected %o 12 hours bubbling (210 mla/min) gave the follewing

recovericsi-

(e) 90,5 3,28 () 97,0 t 2,07
(o) 95,8 t 3.,0% {a) 98.4 ¢ 2,08
Mean 997 t 2.5 |

As & check on the maximum possible loss of solutien by
spraying, (¢) and (4) md been weighed before and aftsr the
theron run. The lose in tyeiéht ag /i for these twe bubblers
vas (0) 7.458 (@) T.3%%

This represents the loss by spray plus the loss by normal
vaporisauqn e.f water, It wes concluded that the loss of
radium by sw was not exgcessive., Further, singe errors on
meteorite radon runs are never detter than 10%,_50 gorreotion
factor need e applied for the small loss shown,

Finally an empirieal investigation into the optimum flow
rate for the reduced (40 ml) dead space was carried eut, using
& very streng thorium souree. The results were plotted
graphically and are showm jin Pigure 8, It can Be secn that the
count obteined flattens out into & plateau ebout the region of
the optimum flow rate (220 mls/min.). The original flow rate
is showm (104 mls/min). A further advantage in vorking at the

optimm flow rate is obvious frem the graph, singe .ony veriation
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in the flov raete over & oonsidereble range would result in
very little difference in the eount obtained,

(b) Experimental Procedurs |
The nitifagen used as the carrier gas contained< 1) volumes
per million of oxygen. This Was NSGEEEArY siNe SEYEE
attach the electrons produged in the treck of am of partiole.
and delay their collicction by the central eleotrede, thus en~
eouraging ion reaombimﬁm and also slowing down the ratec of
rige of the o/ partiocle pulses,

As & preeaution egainst & build-up of pressure foreing
the meroury of ihe flgWmeter ints the thoren upit and spoiling
the run, an eseape valve was inserted. This consisted of @
narrow vertical tube filled with mescury, to the bottem of
vhich passed & tude from the mitrogen line, If the pressure
of nitrogen beeame sughm greater than that necessary to
malntain the chosen flow rate, the excess mitrogen bubbled up
threugh the mercury to the atmosphere. |

When the chemloal precedure has been completed and the
bubbler has becn filled to a otandard velume (15 mls) the thoron
Fun is begun. The thoron mun has to be performed first sinee
the separated thorium X has @ half-life chort ml&gwive. to the
mﬂimm The thoren run omn only be performed onee, During
the chemicald procedure o baockground eountd is token undsr
standard conditions exccpt that the bubbler D is e@w;

e
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ithout interfering with the rate of flow of nltrogen, the
gample butbler, whose graund jJoint 1s greased with apiesen
grease, 1s inserted into the socket of the tharen unit ¢ (see
Figure 4). The stream of nitrogen after bubbling through the
solution passes through the mnifold (F) and into the ohawbor
(B). Immediately after the sample bubbler is in positien, &
Dewar flask filled with fimely orushed ice is arranged round
the bubbler D, This keeps ths vapour preasure of the selution
ag 1ov as poseible during the 12<hour run and permits the use
of @ arying buld of eirca 4 om dismeter.

tvhen the flow of nitrogen h&smmssed for 19 minmutes, all air
introduced into the system hes been swept through and the count
is begun, After the 12-hour count, the vhole thoron unit ¢ is
disgonneoted from the spperatus without interfering with the
rate of flow of nitregen. The bubbler is detached and stered
for future insertion into a radon unit. Then the thoron unit
is oompletely cleaned out, dried, refilled with KoH pellets,
regreosed and fitted with an cmpty bubbler, A baokground count
is then taken for 12 hours after inserting the unit baok inte
~ the epparatus, and ensuring that all air has veen st#ept, out of
the system. |

For thorium calibratiens, & thorium solution was used
whioh had been made up from a sample of thorium nitrate 49 years
0ld. It eould thus be assumed that all the members of the



series hod reached radiosetive equilibyium. This thorium
solution had been quantitatively analysed by the oxalate
methsd and diluted sui.hably.

Tae thoron baokground eount varied from 33 % 2 to 40 X2
counts per hour, while the radon baclground count (stetdo
chamberful of gas) varied from 20 £ 3 to 29 £ 3, This implied
that thoron was being prodused in the eylinder and/or the
leads bringing the nitrogen to the apparatus. |

A U~tube padied 7ith cotten wool was insorted in the nitro-
gen 1line just before its entry &bs@ the spparatus and the U-
tube surreunded by povdered solid GD,. This mintained the U-
tube clese to ~78°'0.- Radon and thoren liquefy at approximately
-62% g, An ecscape valve (exactly similar to the one already
desoribed) was inserted iste the nitrogen line before the
dﬂi:old-rqeéled U-tube in case 2 stoppage occurred and pressure
bullt up., The booksround With the U~tube at lab. temperature
vas 34.0 £ 2.1 o.psn. Uhen the U-tube was surrounded with
drilield this was reduced to 20,7 & 2.'0' o.p.he The drikeld .
only lasted § hours, and at least 12 hour counts ore nooessary.
overnight oounting is essential for thoron runs cnd so the
improvement could not be rmaintained without a dovice for main-
taining the supply of drikeld round the U~tude,

(o) Ihe Adsessment he Gount and ibs Zrvor,
The many faotors involved in the thoren count mke any
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abeolute method of assesoment extremwly difficult. The issue
' ig resolved in this (end the redon) case by empirical
standardisation. In a meteorite run the separated thorium X
will decay during the chemical procedure and during its
counting tdme in the bubbler. This means tast the time of
preoipitation of the Basn, has to be neted and a eorrection
applicd to the count obtaimsd, It can be mesumed that the
deorease in count of the thoren in the chasber will follow the
decay 6f the THY in me butbler, However, the 8asn, pre-
eipitate also earries dam from & metseomw selutdon
approximately 508 of the mdiothorim present. Arrol (3)
obtained tm.s figure f‘mm a separate tesh us.t% UXy as an
ind&cater for thorium. This test was repeated by the suthor
under the same ocondltions of concentration, bempamtam ete.
es apply during & meteorite extraotion and & figure of 48 &
0.37% was found for the £ of thorium isotopes pressnt brought
douwn on MO4.

Arrol used this faet to make the assumption that since
half the thorium X will be replaced as it disintegrates the
thorium X in the bubbler will apporently decrease at only half
its usual rate., The author has found that when the BaSn,
precipitate vhich Gaatains‘ 487 of the radiothorium present is
fused with fusion mixturé and lesched, 65 L 17 of that radio-
thoriun passes into solution (sec page (2 ). Hence emly 177
of tho original radiothorium romains on the Bacog precipitate.
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The cecond fusion and leaech will reduec this te only &7. Thus
‘only & of the thorium X in the bubbler is replaced os 1t

deoays.

Tnt 65% of any radiotheriun present in a fusion is
leached off the subsequent BaCd, précigisate 48 not curprising,
gince thorium is lmown to form cComplex carbonates and the ex-
gecaive amount of alkali carbonates present in the leaching of
such & fusion would be expected to compete with the Bago,
present _m:m vould in other coriditions carry down all the
thoriun.

When thoren decays in the chamber thoriun A is produced,
sere of the disintegrations of vhich will be counted. Thorium
A has a very short hslf 1ife, (0.158 sec.) and opproximately
half of the thorium A counts will be lest in the reselving time
of the recording instrument ({ sec.). Sems at least of the
thorium A at,oms. will have been eolleoted on to one or other of
the electrodes by the electrie field and only half the ensuing
radiation can e counted, Hencs the probability of rgee:gdmg
the disintegratisng of thorium A is (opproximately) 0,25,

#he P —cotive thoriun B which is then formed (10.6 nr,
half life) will met have complotely deeayed during the counting
period (12 hours). The. -2ctive thorium ¢ formed from ThB, has
a half life of 569.5 minutes, and so for thesc purposes its

decay can be taken te follow that of thorium B, Agoin only
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half of the redietion can be counted, Henoe the probability
of recording the disintegrations of thorium ¢ is (approximtely)
0,20, The 12 hour beckground teken immodiately after the
thoron run is averaged wﬁh the fi¥st backzround. In this way
- the undecayed active deposit is treated as an increase in
natural baolground. The second baelground has always to be
gounted for the seme time, i.e. 12 hours. Under steady
conditions the first baemrdtmd can be oounted as long o8 is
convenient, The 12-hour count obtained £rom & thoren run is
seen to be the result of several contributions, the cxtents of
vihdch are enly approximately known. |

However, if known ampunts of w@rmm are esnalysed by the
stendard precedure used for samples, then @ stm&gh%fomx:é
caloulation of the thorium content of the sample is valid,

The square root of the total count is taken to be the standard
deviation of that count, For addition, subtraction, multi~
plication, dlvision or averasging of counts with such standard
deviations the usual rules for combining them are followed,
These errors or standard deviations were generally lamme becsuse
of the genmerally lovw concentrations of urenium and therium in
meteorites, and the difficulty of obteiming lerge esmounts of
meteorite mterial for analysis, Their computation is, there-
fore, important,

The normal) statiastiesl treatment is complicated by the
faet that two subsequent mombers of the disintegratien series
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(Thas and Tho) can eontzibute & particles to the tatal couwnt.

Those contritutions will not be completely random but subjeot
to o degrce of ceorrvclation with those coming fro:a the thoron.
A Pimorous treatment for the counting muuna d@scribed would

be complex, but the oase considered belev is & sufficiently
good approvimation,

Probabilities can be estimated for the recording of cach
‘of the thres ¢b particles which are altegether emitted. (Eq
for thoron, Ep for therium A, and Eg for thoriunm Gle

The average humber of disia&egmtione recorded in o given
‘laime will then b&

1§ = n(Ey + E2 + B3), vhere nv is the number of actual
disintegrations eccurring vithin the charber for the first
member of the series, i.e. tehsmm

Regerding these cvents, to & first appromimetion, as
independent of one another, the varianoe of this nurber will be
n(i-Bg)Es + B(1=E2)82 + n{ 1%3)33
Tie correspending standard deviation is the sguare roob
. of this, 1.0,

,\/5(81 + By + B3 = E42 « 532 ~ 542)

In 2ddition to this source of uncertainty cad guite in-

dependent of it, the number n will alsp be subject to rendem
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fluctustions with standard deviation ,/n and the overall
relative standard deviation will, therefore, bec obtained by
cotbining these two by the rule for the error of the product
of two quantities. '

Total stendard

n (By + By + By = By° = By° = By?)
doviation =

&

3 N

n (By + By + By)?

n(5f+32+23)2

The ebselute stondaxd demm en the obscrved sount
N = n(B +E; +Ey) will bes~

/a /E, + 2 B4Ep
By
instead of the velus /M obtained in the normal, un-
correlated radioactive desay ocase. In gehem, of course, the
absolute velue of the E's are mot Imown but, by uaking

reasonable assumptions, plausible values can bs obtained,

B, will approach ! cince only disintegratiens muming
in eormers and emitting ol particles in an unfavourable
direotion will go unrecoorded, B is teken to De 0.9, E, and
Ry are reduced by two effoots already discussed in the previous
seotion, E, is taken 4o be 0,25, and E'B to be 0,20,

Hence the standard deviation en & oount of N disintegrations



will be 1.27 /iﬁ.

In this discussion no account has becn taken of the
petural background of the ionisatien chamber which is of the
order of 30 ecounts per hour. When the counting rate due te
thoron is small cowparsd %o this, the additisnal error intro-
Guced by the correlation effcet discussed above is megligible,
but becomes eignificant When the total counting rete is of
the erder of 2 £ the mmmtmd.

(v) The Detesmination of w

To deteruine the amount of radium present in ht.he solution
the bubbler is scaled ints & olosed ayéﬁem which can be freed
of air. lHere the radon grows with a period of half-growth of
3.84 days., After a suitable known time nitregen plus radon is
swept inte the evacusted ionisation chanber, and the dis-
integrations of the roden csunted. Opinion is divided as to the
beabmthod%adnp%% sweep the mdoneu‘bwf the solution and
‘into the chamber. Supported by the early work of toran (24)
Jacobi (3) (29) empleys nitrogen or argen as o Corrier ges and
removes radon to within 1. This carrier gas technique (using
nitrogen) was employed in the work to be doscribed herc, Howe
ever, Lvans (26) claiming suppert from the early work of

)
Boltwood olaims that only by beiling can the radon be



remo\faﬂ quentitatively. This complicates his apparatus some-
what. The boiling tochniqus has Leen used more receatly (28) .

Neither thoron or actinen can centribute counts in this
static mothod, Prom the reden count the cquilibrium amount
of U238 is caloulated, and from this an indircot estimate of
the U239 series can be obtained. | |

After the thoron run has finished the bubbler D is trans-
forred to o radon unit (see Pigure Q). The B 10 cane of the
bubbler is cleaned, conted with "sugar greace” (sucrose,
glycerel and staPeh) and inserted into the B 10 socket.of the
radon unit. Unlike apiczon grease, this sugar groase does not
abgsorb radon durim the several weeks of growth. D is held
firmly in plaee by meams of a rubber band passing over the
glass lugs on the radon unit and en D, From the intemnal seal
a 1 m bore jet projects below the surface of the liquid im D.

Bumng this cmuan the two U tubes contain amo meroury,
thde having floved into the reserveir Y on taps X' and X°
being opened., Then with these taps glosed there is a frge
path from ¥ to & via the 1iquid contained in tho bubbler, A
rubber lesd carrying oxygen free nitregen is atteched to V
and nitrogen is bubbled through the unit to frec the system of
radon and air and hemge of any oxygen since this would later
_mtserfem in the lonisatien counter, After ten minutes or so;

trogen lead is removed from V and applied to the top of
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of the meroury recervoir . Tep Xt is opened, followed by a
cautious opening of X", Moreury then rises inte the two U
tades qmi taps X' and X" are olesed, and the mitrogen supply

removed from Z.

There now exists an internal closed system of Mitrogen
chove the solution containing radium., This system is main-
tained for a lknoun tims and the fraction of the equilibrium
amount of veden vhich has grown in that time is caloulated and
the neaessary correotion mrde to the count finally obtaimed.
The clased sysiem of nitrogen is 2t a pressure of & ¢m or tuo
of mercury which is shown by the U tubos. If for any reasen,
8ofo Emilure of the suger grease, the gystsm should bocome
open to the eir this slight preesure will disappeer and the U
tubes will show this.

The grownd ‘Joint (R) and the manifeld (F) are greased
with apiezon grease, simnce ihey mrst boar é vacuum. The radsn
bearing nitrogen passes both these reglons very guiokly and
there is no risk of absorpiion of radon. Yhen the radon unit
has been fixed into the mein apparatus nitregen is bubbled
against the sinter diso Q with tap P shut. ‘The manifeld F is
arranged to oomnsot pump ond chanber with the ‘raden side' of
the apperatus, This situation is the one shown in Piguve 3,
The steel ball is pushed home into the ground socket by rising

meroury ond the moreury is prevented from going further by the
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ball (5). The entire radon side together with he chasbor is
then cvocuated by the pump. With the pump shut off frem the
system, the consteney of the mmnemeter J shows the asbhsenge of
any leaks in the relevant parts of the apparatus ’ is then
operated to isolate the 'radow-sidé' of‘the apparatus, Tap P
is then opened so that nitrogen leaks into the systom through
the ointer dise. The steel ball deseords en the falling
mereury until the U tubes are as before, | P ia then olosed, P
ie opened and the emmﬂenc izepeam,_ After this has beem
repeated o m:'d tdme any oxypen iathemden side has been
flushed 'e,my.; o

Ths radon side is again isolsted and filled with nitrogen
from P until the U méés of‘ the radon unit ars as beifare;
During these latter procedures a nitrogen lead passes nihregem
from V to W s that the gas 'a'bovefi% morgury in this cide of
the U tube is fluched free of air,

A sull yellowish-whits coal gas fleme is arrenged so taal
the jet of nitrogen flowing from ¥ blews on %o it., This streams
the flame eut and makes 1% blue., From them ep the nitragen flow
from 7 must be smintained, If at any time in t»m subsequent
opcrations it fails, the emall flame burns upright amd is
yellowish~uikite. This devieoe enables both hands to be fres,
yet making sure that mo air enters. Another device (mot guite
so successful) was the double-~receded hole of & mputh-organ,
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When nitrogen was sivreaming from W a particular note vas
sounded, If thiasstream stopped there was silemce, and if alir.
was sucked violently in, a note different from the £irst by &
tone, was sounded,

The mercury in the U wibes is then slovly lovered by
opening the tops the mercury flowing into the rescrveir. Thbre
is now a clear passage for nitrogen t‘,nrét@h the apparatus and
inte the chasber. The cvacunted chagber is elgseé from the
purp and connooted through I to the radon side. A steady stream
of pitrogen carrics the raden inte the chamber, while W is
watohed to notice whether any air hes been introdused. When J
shous thet the sharber has been filled to atmospherio pressure
P is closed and the sorewclips I and ¢ are colamped down on the
rubber leads to prevent absorption of radon by the apiezon
grease, The redon unit is then removed and more radon grown
for further analysis of tie bubbler for radium. The potential
is then applied to tho chamber and the count is begul,

A great deal of trouble was caused YWy non-sealing ‘
propertics of the steel Ball (S) when the radon side was being
ovecuated, The meroury instead of being checked by the ball
in i%s seating was able to flow slowly past. IU was moted that
finally small rusted areas developed, although the balls were
of “stainless” steel, The lecakage ocourred with scemingly
unattacked dballs, and much time eaulébe wasted when & rodon
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run failed. The bubbler then had to be removed, the unit
dismantled, the steel ball reneved and the raden growth
resterted,

A technique was developed to make use of a raden unit
with a leaky ball seal so that the raden (frec of oxygen) could
be swept into the chamber, O0One evacuatldon only of the radon
side from the stsel ball onwards ususlly gives a much reduced
radon count for the run owing to the presence nf oxygen. Hence
i1t was obvious that a thorough cleaning of the radon side from
any alr which had been introduced was essential for a success—
ful rua.

The evaguated chamber was conneoted through F to the
radon sidc and a sound steel ball seal, the radon side being
filled with nitrogen at atmospherie pressure. The nitrogen
distributed itself between the ohamber and the raden side.

The menometer J showed & pressure of 36 mm. Uith a typieal
leaky ball seal, nitrogen only pessed to the chamber until J
registered 24 mms pressure a.nd then meroury began to leak pa,st
S,and F had to be tumed off, |

Thue vith & leaky ball seal 2/3 of the gas in the raden
side ia_pasaed into the chasder before the process has to be
stopped. Then after F is olosed the radon side ean be refilled
with nimjagen and the partial evaoustion of the radon side
repeated. Assuming the radon side completsly filled with air
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then nine operations should reducc the level of oxygen to the
lawest level obtained by the baoling pump (0,01 mm). This
level is the normal level for & successful ssund ball-seal run,
In prootioe, as a ‘pmca.ution, fifteen to tventy such operations
were performed since they took little time,

Pinally it was found possible to adjust P and F, the
chamber being pumped, so thet the mercury and the steel ball
in the radon unit remained stationary. In this way o
asnsidercble flow of nitrogen could pass through the raden side
and after ten minutes the raden side was sufﬁcie'nuy aipr free
to enable a successful radon run to be performed, Tho steel
ball was Nov redundant and radon units were mede without the
ball and socket seal. Radon ¢alibrations performed by both
these modifioations of technigue gave results in agreement
with those obtained using the previous technique.

Yhen the radon has been succesafully swept into the
chamber and the count begun the rate of counting rises for the
first three hours while the active deposit growe te equilibrium.
When this has been reached the count can be taken for a fixed
time (e.g. 8ix hours). However, for convenience in 2 normal
day's laboratory work, the count was commenoed soon after
filling the ohamber. The same techmique was applied to
standerds. After the eix hour count, the rodon is pumped away,
The chamber is filled with nitrogen and pumped out several




- 41 -

times, before being filled with nitregen for the baclkzround
count, The mext morning this background count is tdken
(usually three hours), By this time the radon aotive depesit,
the longest lived of which is RaB (27m) hes deoayed and what is
the second background for the first day's run can be used as
the first background for the second day's run. In this way a
sequence of raden runs oan be established.

As a further oonvenience, a simple alarm oclock mechanism
vas installed. This could be set after o radon run to operate
the counting switch the next moming, The radon background
oould be started at 6 a.m. and a redon r;.:mﬁtarteﬂ at the be-
- ginning of the normal working day at 9 a.m., oF a longer back-
ground could be obtained. The baokground plus active deposit
activity is never counted, a,ltdwagh.t.he aotive deposit growe
and counts during the astual mﬁon count, This 4is valid if the
séme conditions apply to the calibration run, of osurso, bud
the tochnique dees mean that there is 2 degree of correlation
to beqconaﬁered for the count obtained, and this affeots the

SProre

The e¢ylinders sf oxygen-free nitrogen were used not earlier
than one month after they had been filled amd so contributed no
radon to the system. The radium standards used were those
propared by Jacobd (2) sna standard V
Institute,
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(b) The Assessment of the Count and its Errer

4s in the thorod case, there are meny faotors involved
wvhich make any abasolute asgsessment diffieult. The normal
statistical treatment is complioated to the same degree as that
for thoron, Thus there are two subsequent members of ths dis-
integration series (faA and RaC) which ecan contribute to the
total count, The equations derived in the thoron case (page 33 )
ere oqually applieable for raden counting but the probabilities
of recording each of the three o< particles vhich are emitted
(E,' for mdon, E, for RQA'.'Ea for 'Ra-(}) differ. |

None of the half lives of the immediate descendants of
radon are long enough or shert enough to ‘introduce a.ny L
complisations and we ean take By = 0,9, E; = 0.5, 83 = 0.5,
Hence the stendard deviation on & count of N disintegrations
will be 1,49 (N. Again this edditisnal error is negligible
for counts small compared to the bachground, but besomes .
‘significent when the total counting rate is ZX baokzround,

(V4) Aotivity contributions from Feazents

Any thorium present in resgents will be in equilibrium
vith the members of the series after radiothsrium. 4 semple
of the reagent &f.’t,ex; suitable treatment was extraoted by Baso4
in the usual way. The BaCl, reagent could not be extracted
efficiently in this way and the bubbler was filled to the




reguired volums with a2 solution of‘a, Inown amount of this

reagent and a thoron run performsd,

The thorium figures so obtained were not simply applied
to meteorite results, since the analysis of each reagent for
thorium invelved the use of others. Some reagents (eego Eaclg»
and fusion mixture) contributed so little that the thorium
content for cach particular reagent aould be ezasily found,

Reagcent
Baclg

H;0 (dist. once)

H;0 ' (dist. t.wice)
HC1 conc.

Pusion mixture
KoK |
Iodine reagent.
fma Qofg,

Th oontent

T

gms Th

=72

342

L L

4

p 4

Error

110

8
35

42

124

Ampunt _feagent

per 200 mgms
per litre

per litre

per litre

per 500 smsg ‘“
per 450 gms
per 600 mls
per ditre

“Tthe limdt shown, was attributeble to the HCL used.

The thorum figures obtained for Beddgelert (sec page5Q)

are the figures obtained by subtracting the reagent contributions
as given above from the meteorite runs,

However, since twn

errors are combined in this subtraction the error on the final

cermct.evd result is worsened,
type of work te lower the contribution from the reegents es

@uch as poasible,

It is, therefore, an aim in this




As cad be seen from the table, one of the main reagents
(distilled water) could be partially purified by redistillation.
Concentrated HCl, on the other hand, proved resistant to
purification by this means, redistilled HGl still centaining
epproximately 180,107 g Th / per litre, 1In the case of both
redistilled water and HCl it ceems to be ‘pick-up' £rom the
glassware used which brings in the thorium, since the
distillations were carried out at & very slow rate.

Radon runs were performed on the reagents and the equdli-
brium amount of urerium to produce this raden caloulated.
Actually the resgent's radium eonieut; is analysed by this wethod
end thie is likely to be very different from the uranium content.
However, sinee meteorite results are expressed as urenium
content, (equilibrium assumed to be established) the reagent
resulte are similarly exprgéeqd.

e |
Aeacent ' 1%3?2_- ;!;. Error Amount of Resgent

Bagl, ) 64 t 10 per 200 npms
H20 (twice dist.) 10 t 5 Fer litre

HCl oonoc. 150 % 7 per litre
Fusion mixture 580 o3 per 500 gms.
RoHl Mmoot B Per 450 go
Iodine reagent 158 + 10 per 600 mls
HY04 cona. 42 + 18 per litre

The resulds in the above tadble are due to ¢ach reagent




alone. Again the Tigures obtained for Beddgelert (see page 59 )
were obtained by subtraeting the reagent contribulions as given
above from the meteorite runs.

The levels of thorium and uranjum shown by these reagents
enabled the Beddgelert work to be eomplebed‘ but they were not
low cnough to permit iron meteorite analysss to be performed,
singce these have very low eonoentrations éf urcnium and thoriem,
Thus 50 grems of an iren meteorite which might contain 25.1078 g
Th end 25,107 g U would need circa 300 mls of cono. HCL to |
dissolve it. Tho acid would contribute 55,1078 g Tn and 45.1078 |
g‘B‘. The result from such a run would have cither a very lamge
erTor or have to be expressed as o falrly high limit: AD
attempt was made to lessen these difficultiss dy purifying the
Ing the resgents with Bas0, was teded. (3) A
slow exchange reaotion between radium atoms in ssglution and .
barium atoms on the preoipitate can be expeoted to take placs,

Polythene reagent bottles were obtained to prevent any
piek-up of uranium or thorium from glass. The three reagents
most used (cono. HCl, Hy0, cona, m«aa) were then subjeated teo
~ ths following_ treatment., 3500 mls of each were placed in poly-
thene bottles with approx. 2 gus of BeSD,. This Basy, had been
prepared in the normal way and washed with distilled water for
several weeks to free it of any trace of adsorbed Ba** or 50, .
The polythenec bottles were then shalksn on 2 machine performing
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ciroa 280 oscillations/min, for varying lengths of time, The
water used had only been distilled once, After ene hour's
shaking, folloved by settling, separation, and thoron anslysis
of an extract of the combined reagents, the figure 130 X 60,1078
g Th was obtained. An oxzotly similar run, but with the |
shaking carried on for three hours gave the figure 110 % §0,1075
g Th. A further similar run, where the shaking was carried exl
for 12 hours gave the figure £ 40.,10'83 Th. The shaking with
Baso, had meGuced the concentratish of ThX in those ’m'agen‘ga
signifié&nm.

" To cheek these findings, fresh shaking experiments were
conducted fol;oived by raden analyses. The thrce reagents (oono.
Hol, Hy0 dist., éono. mos) were again shaken for lmown times
and after settling,conbined end extracted as for the thoren rums.
After 12 hours cheldng the mixture gave the result:= 80 I 30,1078
g 'U'. (The results are expressed as the corresponding amsunt
of Uranium)., After 44 houes shaking the mixture gave the result:
=14,1079 g 'U'. Pusion mixture was made up into a streng
solutien to ensble this puriﬁcnruon to m ¢arried cut., Barium
chloride proved to be an exception in that it nceded a longer
shaking time., A strong Bacla solution was shaken with Ba30,
for varying perlods of tims. Semples of this solutisn esntaining
2 gms. of BaCly were analysed for raden and gave the following
figures (as correspondiny uranium).
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12 hours shaking 640 £ 95 1070 g, v,
a4 . 570 £ 49 o
7200 ® £ 15 “

In praotice all the reagents were shaken with 33304 for
four or five days. Using reagents vhich had been purified
from Thi and Ra in this way the ‘blank' run of & meteorite
analysis generally gave a2 count which was sufficiently low to

enable & definite figure on the metecorite to be obtained.

(vii) Results of roden-thoron method on meteorites

The Beddgelert results are given in the secidon deveted
to that meteorite. This was the only stome meteorite anelysed,
all the rest being iron meteorites, the results for vhich are
given on page 59, Before this, howe?er; & oomplete sample
ealeulation is giveh‘to show hov the figures and their errors
are computed, for both therium and uranium, A typieal run was
the analysis of a 111 gm. sample of Ahnighite. This sample was
in perfeet ocondition, shoving clear Vidmannstdten figures., The
diseolving and Bagn, extraction of & meteorite has already been
deseoribed. hile seme of these chemieal procedures were being
performed a thoron dackground was taken, In the special case
of the first background where there is no active deposit .
agotivity the count ocan be prelonged beyond the ususl 12 hours,
This is useXul sinee it lessens the error of the baelkground
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estimatc end henee of the run, VWith this particular sampla;

the £irst background was counted 36 hours and gove 8 total of
1,597 counts. The square reot of this number is tekem to be

the stondard deviation of the count and we deduce the backe.
ground as 597 £ 40 CePeho = 44,4 L 1.1 c.pshe

The Ahnighito BaCl, extract was then analyeed for thoren,
Precisely 24 hours had elapsed from the preeipitation of the
BaS0, to the beginning of the. thoron count. The thoren eount
was carried on for f2 hours and gave a total count of 637, the
standard devistion of this count boing 25.2. Hence the thoren
count = 53.1 £ 2.1 o.p.h. In an exactly similar manner the
second baeckground was found to e 42.1 L 1.8 o.p.h. over &

12 hour peried., Hemce the mean baokground is

4@;'04' 44 .4 + ’o' + '.8 00?'&1’0
2 2 e

Honoe the couat due ts the bubbler's eontents
= 53.9.~ 43.25 £ 2,92 4+ 1,452
= 9,85 £ 2,35 e.p.h. in excess of background,

= 4302&5 p 4 1-45 CePahe

A correction had to be applicd here for the decay of ThX
during the souréepmpamb@ﬁmof%bmm. The ThX had
decayed in this time %o 82,647 of the amount initislly present,
Hence correoted e.psh. of the 't-hgren source

= (9.85 £ 2,55) = 100 = 11.9 £ 3,09 a.p.h.
82,64




The waole pmce&ux'e was thengerformed mm Wit.h all the re—
gent.s used in the same :guemt:ities but with, af courss, no
meteorite semple present, This wun gives a 'blank' which can
be subtraoted from the abeve figure to give the thoren con-
tribution from the motecorite alene,

In an exactly similar menner to the above ealoalation
tho ‘coptribution of the blank was found to be

5.4 £ 2,56 o.peh. in excess of background.
Henes 6.5 £ 3.092+ 2,562 = 6.5 £ 4.0 o.p.h. ere
due to the t,hom:m from 111 gn Amighiﬁea

The thorium calibration figum obtained by performing
Just such a run but with a known amount of thorium in the
tubbler solution, in equilibrium with all its daughters, was
7.3 % 0.3@@;&. per 100 g g;ti. Henoe contained in 111 gm of
Abhnighito §here is

6 440

Honoe the thorium contained in 111 gm Ahnighito is
[ iz + Q1
75 '25"2 7.5°
It. cal be seen t.hat the error of the thorium calibration con-
tributes in & very small: way to the final figure which is

0,866 £ 0,533, o 1070 gm ™M/111 gn Ahnighito

or 0,78 * 0,48 . 107° gm T/per gm Ahnighite

grams of thorium,
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The tubbler was then sealed into o redon unit and after
& peried of growth the radon was analysed in the way elready
described,

A baelground was counted before and, the day oftewy, the
raden mm, The mean baskground was calculated im the same
vay a8 the thoron example and gove the figure 32.1 ¥ 3.27
G.Ps. The radon gount gave e total ceunt 312 I 17,6 for
& hours, henee 0,p.b. = 52,0 £ 2.93.. The count in exeess of
baukgmzmé 15 19.9 L 4.4 e».;pm.‘vv '

) mmmmywmmmmsaﬂMaedaﬁdgam
VR E YN Gepehs 4B oxCREE OF backgrounds
Hemeo the eount due-to the meteovite

= 19,9 - 4.1 L 4.42 + 4,42

= 15.8 ¥ 6,09 mp.a.

The ﬁgum for a radiun ealibmt»m was 190 I + 4 0epehe
per 10 mgm Henge the mamoentem of the bubbler
can be eaeily calculated and assumi g that the U238 series is
at 6quilibrium the csrresponding uranium content cas also be
found.

Concentration of uranium in 0™ gm. U/gm.

Al é!’,,g‘q_‘

03 . 2:88:80° 2 0,21 £ 0,00

The relative error of the redium ealibration is so small that
that it can be meglected.
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Motes on the table of results

All are iron moteorites, = Om = Medium potahedrite,
0f = Fine Qcotahedrite, and H = Hoxahedrite.

The results given in the uranium celusn ore cach the
result of at least two radon runs on the BaCl, extract of the
pamples. wWhere more than one figure 1s given for a msteorite
then the eorresponding nunber of independent samples were so
analysed. (@nly_aae ‘thoron run could be performed on c:xaéh
semple.) The vmighﬁ of each sample analysed is given. That
this weight has an important bearing on ithe acouracy is obvious,
since the more aotivity to measure, the groater the acouracy
ing it. The urenium rosults given by the fluerimetrioc
mebhod, obtedned by tir. Dalten, sgree fairly well vith the
recults by the raden mothod except for Abnighito (see pagef2S).

In the ease of Coshuila the cample is met big enough to
oblain date other than limiting figures. There would ngver be |
any poimt in amalysing any more 0 gm semples of ﬁgaimila. by the
radon—thbron method. The Gifficulty is to porsunde museum
curators to part with sizeadle partions of motesrites under
 their care, yst the radicchomieal analysis of a single la.ma
piecee (=100 gm) is ruoh better practice thes the repoated
analysis of smaller (cires 50 gm) pieces. Tais is shoun by
the dats on 3avik,

#here o limiting figure is shown, its meaning is that



u%a

ot lcast 2/% of nn infinito mubor of mm rosults Ceen
enalyces of the mateerite usuld fall ea of Baolew the 1limit
stalods

The eptrios 'centaminated’ s the radan columm mean that
the roden count wes olorwdngly high and tho muls wore Bot
pogerded as valid, The three ocomploe esnoermod wore stored
tosotisor oad cenled off 40 mdon usits cbout Wio caw tdmo.
A thovough Anveostigetion was madc ints all resgentc, GANSEIATS
bukblors, sden units, o%Cs, used, but the csurse of
 eontacriantion could not be tyeclod dewn. Joxk woe goidg en
clecuhose 36 the deportromd with lezge quantities of padfo=
aetivity, cad 4% wao comceiveble thet this misht bo the gouses

Tho ome figuves vore ealeulated using cithor tho @ﬁm@xe
Pormis, oF for oges > 10° yeors the telanpulor BOTRET
THOSO Bre &i.muswa gm & gepaitts goetisn Ghiofo @ svplde age
aaleudstion Lo given. '

e holium values gives in %o tablo wore dedorained by
the following vorkerss=
fand 2  Arrol, Jocebd and peneth (2)
3 and 4 RoPe Ghapiatt
% apd & P« Eeasboak

Th2 holiun centent of Fecomillo {o. 7) hoo oo £op not
: %@B doterined
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The results show the low level of matural activity
present in iren meteorites. As in the results pubnahad in
1942 (2) (Table I) the thordum figures vary over & groater
range than the uranium figures. However, becaise of me mHEe
refined techmiques smaller concentrations have been determimed
than in previous experiments end in several cases sm@ld
limiting eoncentratlons below which the value of the content
st lie,

The thorium econtent of Savik (£ 0,24) 1s at least 10 times
lover than that of Mt., Ayliff which Was the lousat of the 1942
thorium flgures, The highest thorium content, that of San
Yertin, was 8, This meteorite has been anplysed using the new
procedures and & vedue 10.4 ¥ 1,4 obtained (see pegeiSb)., The
uranium figures fpll mainly in the seme range as before but the
smallest measurable concentratisn has besn lowered by o faoter
of 2, the least figure being that of Savik (0.21),

it is interesting to compare the average thorium end
uranium contents which are of some value in asgessing the
overallactivity of meteoritio matter.

v ™
1942 paper,adorage content 047 . 4,0 .
This work,average content 0,8 = 0,9 2,2 » 2,5

The ages obtained using the present results arc spread over the
seme range &5 were the previous results. Those metcorites
whose helium dontents are limiting values are Showd to bo very
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Foung . (mﬂk, Ahnighito and Mmlusm)o

(viii) Beddgelert Metecorite

" on September 21st, 1949, shortly after the work for tais
thesis was begun, & meteorite fell at Beddgelert in Horth
wales. Durham University obtained half of the approx. 800 gm
meteorite for ohemical snd radinchemical enelysisy the other
half going to the British Huseum, “lm miteorite is classed as
a black orystalline chondrite with 18¢ free motal. Phatographs
of the meteorite after cutting ere shown in Figurcs 10 and 11,
Figure 11 shows the dispersed metallic phese reflecting light
vhile Figure 10 shows the chondrules visible in diffuse light,

The radiochemical analysis of & stone meteorite such as
Beddgelert, combined with a helium figure can be used 8s age
data if the stone is of & danse'm hard struoture and ite
temperature has always been low. These conditions are fulfilled
in the Beddgelert stone which is very hard = it cuts glass
easily - and of which we Imow definitely that after its fall its
temperature was never raised. As is well kmown, the heating of
8 meteorite during its flight through the terrestrial atmosphere
is oconfined to the erust. The helium method for age determina-
tion was thersfore applied to Beddgelert. The chemiocal and
radiochemieal work carried out is desorided in this seotion,

A complete chemiesal analysis Would have been Loth
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arducus and time=—consuming, but conelusions as to the
somposition of the meteorite can be drewn Irom gualdtative
spectrographic results. The speotrographie investigation was
‘carried out with a Hilger Large Automatic Quarts Spedtragraph
(1ittrow Type)s For the range of 2800-4600 A en Ilford Zemith
plate was used under the following conditiens: siit width 0.015
‘mnj Hartmann disphragm; copper asd grephite clectrodes; air

" gap Jums curremt 4 smpy expesure time 30 seos, For the range
22002830 A & Kodak B plate was used end the current inoreased

to 7 amp., the other conditions remaining the sams.

The analyses were carried out separately eom o fragment
from the interior of the mbteorite, without any proliminary
t.remmk;%, and en metallio nedules separated frem the same
fragment by KOH fusion, leaching, ete, The results are given
in the follewing table. It will be noted that Ti, ¥, and Ba
are present only in the untreated fragment,

Teble I
Fragment Hetallic
(untrested) 4, Nodules
. x ¥ p -
Gonstituenis Fe, 8i, ig Fe, Ni.
Hnor Cr, w’ m’ . B4
constituents | . ca. Al, m,
Heavy Traces cu Cu, Mg, G
Traces i, V, Co. " or, Co, #n, A1, Na,

Slight Traces | Ba,
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The following tsble gives a reugh quantitative estimate
of somo of tho eonstituents of the untreated frogment based
on comparisen with iron-1inmes. (Iron eirea 697 of the total
metoorite). '

Table 2,
Element Semi~quantitative
estimate
84 end Mg 13% emch
Gay Al and N1¢ : ’:0 to ‘g% each
Cr and Mn 0.5% each
i 0,077
v 0.0158
Co not more than 0.054

An investigation wee made to delermine the best methed for
separating the stoms and metal phases of the meteorite, Magmeotie
separcbion after grinding was a possible methed, but beocause the
metellic nodules were malleable it was diffieult to achieve a
clean separation. Attaciing the meteorite with adl. Hi04 only
left 453 of the weight taken, It mist therefore attack mueh
more than the 187 of metallie nodules, This wag eonfirmed by
magresium being found in bulk in the a@il. mj solution, ss well
&8 iron and nickel. The metallic modules were kmown to be
mainl}y iron and nickel,

Fusing the meteorite with potash, followed by lesching,
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gave a reasonable separation. 187 of the weight taken was
found in metallic nodules. A sandy redbrown preoipitate was
also formed vhich eontained iron and megnesium. The Ko
solution after acid treatment and bolling gave a precipitate
of silica 32% of the weight taien,

Attecking the metal phase with iodime reagent was then
tried. This method of attacking steels is deald with at great
length in the Jth and 8th reports of the Committes on the
" Heterogeneity of Stecl Ingots of the Iron and Steel Imstitute.
From the infomtd.on given in théa‘e reports, a very simple
method could be evelved for our parpases since we are not con~—
corned with preserving the chemical identity of oxide or oxygen
gas, inclusions ete. Taylor-fustin's report (32) ahowed taat
if 5 groms of steel turnings were stirred wAth iodine reagent
consisting of 30 gm 15, 25 g K}, 120 ml K,0, for 6 hours, at
lab temperature, the steel would be entirely dissolved leaving
noR~zetallic inclusions as residus,

Teylor-austin's method was chosen and tested, using circa
{ gm of Beddgelert, previously gmﬁnd in a psstle and mortar,
'1‘5 this sample wes added 12 mls, of iedine rengent (more than
sufficient for the iron phasge) and the mixture was egitated
vigorously by o magnetio stirrer. After each hour of stirring
the residue was separated, washed with dilute Kl seolution and
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weighed., After 3 hours the residue assumed a.aenaﬁam weight
and s further 3 hours stirring mde no change,

In performing & meteorite mun, the stirring was oarried
on for inove.thaa 4 hours with the excess of iedine reagent
recommended, When the residue had been separated from the
solution the latter was simply diluted and extraoted with .
Basn, in ths usual way, followed by thoren and raden analysis.

The 'iedine-insolublsz’ or silicate phase was alternmately
fused with fusien mixture {ollowed by leaching, and attacked '
by m, After a fe\# alternations s 0bly a few mgms, of residue
remadined which dissolved in oqua regia., The alksline leachings
were %m’b&nedy aoidified, and extracted with Bas804 in the normal
way e The w_atm&s wore combined and separately extroocted
vith BaS04. The twe Bas0, extraots were oowbined &m} after
sultable treatasnt analysed for thorium X and rodium,

v ‘ —

Beater | g o | B | ae
10-8/sm | 10-8gw/gn | 10~2co/am | in 168yre

_ | ) Aﬂ
Metad 9‘1 1 2° 9

Phage 9,4_ ; 8.1 2.4 .
Hean 9.1 £ 1.0 | 6.5 £ 4.9 2.8 210

" i iy andiee ' _
Sildcate {10:0 £ 1.9 | 38:0 2 16

Phase 12.8 ¢ 3.& 5840 ;4 9;

. o | 230 ° |

Mean $0.8 £ 2,7 | 9.0 £ 8 30 1,240




While quantities of the oxder of 20 gm of meteorite had
ip be uged for uranium and therium analysis to oblain the
socuracios shown, considerably less errer in e He determination
could be obtadined using only o fow tenths of o gram. It was
not surprising, therefore, that variations found in the helium
analyses chould average oub in the urenium and thorjum figures,
For an age caleulation it would be nooessary to determime U,
Th and ¥o in one end the same sample., Henoe as prelimibary
figures only, 4t cah be stated that the silicate phase seems
to have golidifisd move then 1,000 million years ago, and the
iron phase sbout 200 million years agoe



48 the radisactive fandiles of U238, ¥33) ami Ta32
desay, the of partieles yroduced: Form heliun (0. Provided
the oinssal or metesrite in which @ew takos plooe is
a oryutalline struoture which hac not oufferod largo-scale
deformmtisn due te woothering or heating, the heliwn i
trogpod., During sdllions of yoars or sore, tho heliun grous
to o ooasureble quontdty, vhich ¢an be extrmotod and detezrmined.
If the uranium ond thoriun conecatmations ore alsn Cotermined
thon the time uhich hoo olapsed oince the body cocuzed helium-
 t4ght propertics can bo found. Wide time is colled the gese
logileal ace.

If the odmuplifying assuaptien 46 mado thot o congen~
trations of the parents of the asories have not oppreciably de-
ereased during tae tise that the beliud was produced, then a
Girest matin: com be Tormulsted,

s |

11,6 1078, B in @njgm - 2.89&@"3. ‘Eh]m gfm/@

The faeter tu& . 107% Gnich oporatos on the ureniuo
soncentration malkies no cllowange for AcU precent., 7This can be
allowed for and changes the faotor to 11.9 « 1070 but 14 ob-
viously miwms saly o gmall correetiom, (Tho obove oleple
oquntion 45 sufficiently sceurate up to eges of 10° years),
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For ages greater than & few times 10% years, however,
the above Wlifying assumption no longer holds, and 2 com-
prehensive equation has to be formulated to allow for the faot
that the ratc of helium preduotion must have been appreciably
faster than it is now., leking the assumption that there has
been no loss or gain of any of the three relevant materials
during the period cemsidered an originelly helium free material
will have sccumulated in a time ¢ ending now = gantity of
helium given by -

[6e] = & [92331{ A‘m” - *} +7 . uaai]{ Mgzt }
. b ‘_[m?.az] {e)sajgt _ ’}

where the symbols in square brackets 'mpmsenb the numbers of
atoms of the various nuclidss found at the present time.

sterting from the analytical data this equation can be
solved for ¥ anly by a rather tedious iterative process, and
it is more convenient to use a graphiosl method.

F.R. Tiokmen (3" susgested the use of graghs for the
cozputation of ages, sinee the error in reading from the graph
is negligible compared with the other errors invelved. A )
modificatien of this graphical method has been devised by G.R.
Martin end has been used to calculate the ages given in this
thesis. This is the trlengular nomograph shown in Pigmo lx;!.
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lLines cap be drewn running slantwiee across the daaggam
representing equisge limes, the ege being given for eaech in
unite of 107 years, ANy point on the dlegryam represenis o
definite U - Th - He composition, and its assoociated ege. In
arder W plot the three variables on a triangle of graph paper
in this wey it is necéssary first to reduce them to some .
common unit. A convenient onme is the volume of helium per gm.
of material in the case of helium, and the pbtential volumes
of helium which could be produced by the complete radisactive
decay of tgﬁ uranjum and thorium in the case of the sther two
components. The sum of these &hxee’qu&nhiﬁies is then ﬁsed to
divide into each to give the fé&et&nﬂ of the total pessibkle
helium present as (a) helium ges, (D) 'undecayed' uremium
apd (o) ‘undecayed' thorium.

The esnversisn faabofs are
1//&1'3f‘0 per gm material = 0,756 cu ma He/gm
&nd‘j/w} of Th per gm material = 0.579 ou mn He/gm,
when they ars completely decayed.

The equisge lines on such a diagram are all straight and
interpolation is & simple procoess. For convenience (see .
Figure 12) the envelope of hheée equiage lines has been drawn,
When a point has been fixed in the disgram, the tangent Lrom
this point to the envelope passes through the age seale at

- the corresponding ageo.
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chapter IV  Uodification of the Daso, cxtraotion method

The chemical pmeeduré oL the barimn sulphate methed
(sce page I5 ) m?mmg two carbonate meas, leachings
eto., a3 tedious. As well as being inconvenient the time
token te convert the carrier to & suitable form for thoren
and redon assey wasted some of tho thorium X which decays
from the time of precipitation. The conversion to barium
chloride allowing time for the BaS0, to digest ete., took at
least 12 hsurs to perform. Further, this procedure imvolved
& correspondingly greater risk ef dontamination than would a
shorter technique. For these reasons saﬂie other carrier
procedure was soughts The various attempbs to £ind a mew
carrier preocedurs are desoribed in 'tfhis chapter and these
descriptions are preceded dy é. brief survey of the results.

A" study of verious esrrier procedures for radium (32)
shows that a precipitate of barium carbonate is 1007 efficient
for the carrying down of redium from @olution. If this mothed

could be developed for meteorite solutions much tire and effort

could be saved. It proved impossible to precipitate Larium
carbonate simply with sodium carbonate or ammonium carbonate
without creating conditions suiteble for bringing dewn iren as
hydroxide. As expeoted, a oomplem.ng agent for the iren was
pecessary and eventually proved practicable., However, when

tartarie or citric acids were used as complexing egents




several useful precipitates could nmot be employed. Oxalate
preeipitation proved inefficient for the carrying down of
raﬁﬁum, so that oxalate as & complexing egent was also pre~
oluded.

agent proved

Using salieylic acid as the oomplexing
suceessful (bdbut only at lab, temperature)., Under alkaline
conditions then possible, barium earbonate earried down 1008
of the radium prescnt. 32efore this method was found, several
other ideas were considercd., These are epumerated below,

1. The salting out of bariunm chioride by saturating the
metcorite solution with HCl was a possible method. (FeGly
forms a complex with HGCl). Considering the large bulk of B’et’.ﬂ.3
solution the technique when developed could be as invelved as
the BasO, method and 4% was mot Anvestigated.

2. It ves thoughi worth testing whether er nmot & pre-
eipitate of varium oxalate would eai'ry down radium from &
solution, Barium oxalate was precipitated by exalio acid from
@ neutral solution containing iren and nickel end the preeipi-
tete was frec from both Fe and Ni. Ammenium oxalate could also
be used. In spite of lagge amounts of oxalate ion present, the
solubility of barium oxalate (17 mgms/100 ml) seemed too great,
and ne radivm wag carried down. Caleium oxalate has a
solubility of 1 mgm/100 wl. This alsc was precipitated from a

selution eonteining radium but ro detecetadble amount of radium
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was found on the precipitate. This suggests o osntinuation |
of the oxalate solubilities down the group, making radjum
oxalate the mosd soluhle,

, _3; A preocipitate of maxgganeee dloxide is a.'i.sq known as
efTicdent carrier Ior radium. Under alkaline conditions
Nakas (32) found this precipitate 1007 efficient as a radium
carrier, However, these conditions could net be obteined fér'
neteorite solutions without first eompleﬁng the iron present.
Tests of this carrier were made from slightly acid and ne;m,mi
rediun solutions. The preeipitate was produced on the 30 mgm
seale by adding KMno, solution to the radium solutdon ceﬁbaiang
the necessary amount of manganous ahloride‘,

2RMO, + PMOL; + A0 = 50, + KCL + 4HCL |
From 2 radium solution slightly aeid with HC1l, MmO, oarried
dovip 287 of the radium present, From & similer solution kept
neutral 457 of the radium was found on the pneoipﬂ.t»ébe of
. Uno,. Using Hakai's method of precipitotion in allaline
conditions 100% resovery of the radium was found. R.B. Jacobil29)
used o, as carrier for the radium analysis of some natural
waters. After adding a‘ few drops of HCl1 to take up any lims
of temporary hardness, the unter sample was extracted with
kR0, produced by the permenganate reaotion, and 1007 extraction
was obtained. This does not agree with the results cbtained
above, The differences in technigue employed for the natural
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water analyses were (1) 300 mge in0, were used (ii) the pre-
eipitate was left to digest in the hot mother liquor for an
hour or 50,

This type of adsorption carrier might be expested to be
sensitive to variations in conditiens. To be rolisble for
meteorite solutions whers large ampunts of holdback carrier
would be precent, precipitation of &0, would have to be
carried out in alkeline conditions. A complexing agent for
iron would be necessary and with this provise there are several
earriers which could be used,

4, The investigation was enlarmged to £ind o suitable
precipitation winich would give e permanent thorium source as
well as bringing down radium iBO%Wﬁ-.o IT this oould be achieved
then the thorium analysis would not merely depend on thorium X
(3.04 Gays) alloving only ome thorium figurs to be obtained,
but would depend on radiothorium (1.9 years) so allowing
repoated thoren runs,

B.S, Hopkine deseribes the following resctien (33), 4
neutral solution of cerium in cerous oondition is heated to
boiling and potassium pe manzanate solutdon added till a per—
m2nent pink colour is obtained. Then a coludion econtaining
polassiun permmnganate and sedium earvenate in the propnrt&an.
of 1t 4 is added clowly es long as precipitatien takes place
and ecarbon diexide is evolved,
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3cem03)3 + R0, + mazeoB + 8H0

= 3Ce(0H), + 10342050 + &aling + 4€03 + KNOq |
The solution should show a faint pink colour during this
precipitation. The precipitate is separated and washed with
hot vater. It was thought that this preeipita.t.e misht serve as
a joint carrier for therium (carried by cerium hydroxide) and
rediun (carried by manganese dioxide)s A chemical test of the
- reaction using 60 mgms of cerium as starting material gave the
stotohiometrio amount of preeipimtla, whioh only centained L
® mzm of iron out of a total pf 430 mgm present &n the solution.

A preliminary radiochemical test of the eerium~mnganese
carriei.idea was carried out. In tma'%est, po iron was
present, EKnown ampunts of thorium andl radium were added teo a
solution containing 60 mgms of -cerium as ohloride and o0 mgms
of manganese a8 ehloride, sodium hydroxide solution was added
and the resulting precipitate centrifuged off, washed, and
dissolved in dilute HCl.. The thorium and radium rccovered by
this pmoipua.be'wereb estimated by msans of theidr emnations
in the usual way. The precipitete was found to contain 91 2 4%
of the redium, and 100 * 5% of the thorium, added to the
soluiion. <The thoren run was performed 19 days after
precipitation and so gave e figure representative of the
efficienoy »f :%d.xed cerium and manganese hydroxides a3 &
carrier for thorium rather than for thorium X. This time
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(19 days) allowed the thorium X known io be carried by |
manpandse dioxide to deoay.

Thls test showed that an emanatifiy source giving mosze
than one 'estm&io@a of the tvo main radioactive families con-
éeme& was perhaps possible, However, i‘ux‘t,!;er tests of the
| >pmaeﬁure under the cenditiens to be met in meteorite work
gave disappointing results, The resetion preduoing cerium
precipitates from & neutral solution vas tested vd th kmown

amounts of thorium end radium present. IFen was also presenf.
in amount comparable to meteorite solutions bub did net inter-
fere with the reaction, No radium wns found on the precipitate
and only 10 % 3% of the thorium present had been extracted,

It ic interesting to note that the doubts exﬁsesse@ in ths -
previous scotion on bhe' use of Mno, as a radium carrier for
neutral er acid mesteorite solutions are canfirm;a by these
recults on the joint Ce(OH), - 1nO, precipitate. From an
-alkaline medium good efficiencies are obtained bubt from neautral
ox; seid medla the extraction eificiencies have been found to
be poor. That Do radium was found ob & precipitate of Ce(oH) 4
and N0, waich had becn formed in a neutral medium in the
presence of iron, supports the idea that holdback is taking
place simee with no iren present Mngy had been.shown to bring
down 455 of the radium from & neutral solution.

5, Barium sulphite is another possible redium carrier




- 70 -

vhen preeipitated from a redium contoining solutisn. Its
solubility at lab. temperature is 22 ugm/litre and deoreases
with increasing temperatures It is prastieally insoluble at
100°¢, Tais looksd promising but it proved &ifficult to
provent oxidisation of the precipitate to Baso,. If 50, is

* used as the reducing agent for the Fe*¥" present tnen Ha304

is produced., If a source of naseent hydrogen was used o keep
the iron present in the ferrous state then when 89, was bubbled
through the solution, a lot of sulphur came clovm. on the

t litre seale, with a hundred grams of irn_n as chloride, the
manipulation necessary would seem to make no improvement on
tue Basn, method, |

6. Complexing agents to keep the iron in solution during
an ailmline precipitation viere then tried'; A solution of 1 gm
of nickel-steel in HOl was mode and 5 gm of citric acid was
added. Ammwnivm hydroxide vwas added dropwise ond the 'light
green in acid' to 'orange red in alleline' change was noted,
btut po precipitate was observed. It was shown by B'.B'.E}; wide—
range test paper that the solution was at pH 9 or more, This
wes repeated with cerium added to the aseid solution, on
rendering the solution allmline with ammonla no precipitate
was observed, If the allmline reagent used was NaoH there

was 9till no preeipitate until such & quantity of NaoH had
bosn addee? that the complez had been destroyed amd everything

came down, In the oase of B&en3 both emmonium carbonate and
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sedium carbonate proved incapable oi‘_br’inging barfun out of
splution in the presence of Pe/oitrate complex. Similarly

N6, eould not be brought down from ab alkaline solution of
Pe/eitrate complex. Further it was showun that the cerous
nitratesalialine K0, roaction discussed above did not work
either in the presencs of this complex. The whole progsdure

of tosts was repoated, using tartarie ascid igate&d of ecitric
acid, Exaotly similayp resuit.s were obtained. The only
positive results obtained was that cerium came down as oxalate .
in the presence of Pe/eitrate using armoniuw oxalate as reagent.
Caleium was also precipitated t‘mm.suah a medium but it had
already been shown that radium was not brought dewn by such a
procedure. This meant that oerium and caloium when preoipitated
togother as oxalates would not yield a 'permanent' radon-thoren
sourge.

Finally, salicylic acid vas tried as o complexing agent.
Fe and ¥4 vere found to remain in solution in the presence of
salieylate whenﬁme solution was mdemd\ alkaline., Also Ba as
carbonate and Ce and ith as hydroxides were prceipitated in the
normal way from an Fe/salicylate solution. The Fe/salioylate
complexr proved unstable on heating the colution, uniike the
tartrate and citrate complexes. Tests showed that a yatio of
salicylio/Fe o’ 6/ gave a solution which was steble for _more
tham ens hour 2t ladb. temperature when rendered alkaline, Ex-

traction using Ba@oj precipitation Was tested. To compensate
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for not being able to bLoil the solubtion during the 29-603
extraction a test was mede where more weight of corrier then
usual was usged., Carried out at lab, temperature an extraction
test showed that 500 moms of RBa as Ba.c% carried down 103 + 5%
of the radium conteincd in 300 mls of alkaline selution
containing Pe/salicylote complex. It is most probable that the
mcaa precipitate would carry down thorium from a solution as
well as radiun (see page I3q). 1In any case it ean be sean frem
the various procedures discuseced in this chepter that sultable
preeipitates could be ¢asily arranged to carry dowm thorium
and radium quantitetively from an alksline medium. The thoren |
analysis would then ne lenger depend on thoriun X (3.64 dage
half-life) but on radiothorium (1.9 years), and a sustained
thoron | source Would be available for ;*epea;ted analysis,

The behaviour of the verious precipitates with respsot .
to the mothod of complexing the iron present, is imteresting,
The Wehavicur of eerium.in the presence of FPe/citrate or Fe/
tartrate complex as deseribed in secotion O would Be expected
from the complexing proporties of cerium. Manganese would
also Bo exposted to behave as a complex forming clement with
these hydroxy=-acids, I?ut- the experimental findings with E&GQB
scem to be surprising. - Thetl some strong complex is being
formed is evineed by the foet that Baﬂag which was found no?
to presipitate, has o low solubility, 2 mem/100 mls at 200C,
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Ferric ion doee form & falirly stabilc cem;ale% with carbanate
jon (34 p2ge ’?64) » vinen K4 [Fe(cm%] gives no recotion for
the Yevric ion. .mers a subsidiary experiment with Fe
sbeent showed that Be was not precipitated by ammonium carbonate
from an alkeline solution of ammoniwn citrate. I would
appear, therefore, that Ba is forming e corplex with the
hyaroxy acid. sidgwiok (34 P36° 29) iines out the behavieur
of calcium derivatives of hydroxy acids {citric, lectic ets,)
in giving solutiens of lovw ca™ content waish Y:éna,viaur is
important physiologically. S8ince a complexinz property such
as this would be eipected to change as one passes down the
group useful differences in complexing behaviour towards various
hydroxy cecido might ocour between barium and radium. The BaSo,
extraction method had been successfully modified as desoribed
“but anpther idea to shorten the BaSoy procedure was not
connected with new carrier ;‘aroceéuma and 30 is described in
gonelusion. This was to dry the Baso, preeipitote (after .
separntion and washing ete.) and then to dissolve it in cone.
Hy80,. The resulting s3olution sould then be transforred to &
bubbler and a thoren or raden run porformed in the normal way,
Thet the bubblers contents are cone, HaS0, and not dilute HCL
should not affectthe form of the thoron raden apparatus. Any .
acid spray etc. would be stopped by the vessels of K0H pellets,
In fact with the thoron apparatus it might be an advantage

to have no water vapour considerations which possibility
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might coenceivably lead to & prolongaticn of the thoron
counting time, and correspondingly grealer accurscy.

Tests were carried out ueing lmown amounts of redjum co-
precipitated with BaSo,, and efter drying the precipitate, it
wag dissolved :l.n‘. ganc. HySe, and tsmsferragl to & bubbler,
wadon runs were perfovmed in the normal woy. The results ob-
tained are expressed as percentages of the usﬁ&l radon
oslibratien |

(a) 63 % af (b) S8 tag
Tihms the emanating power of such & viscous sslution 3_.9 not
sufficiently high to permit the use of the techniqus. Heating
the solution to inorcase the cmansting power would have been
the next step bub the Padon thoron method Wes beimg superseded
by other mothods and no further tesis were made,

The ionisation chamber wethod of ocounting rados and thoron
is net as sensitive a means of determining the ampunts of the
twe radioactive series present as are the nsw teolmiegueé of
seintillation counting and fluorimetry (see pages 24 3.)., The
scintillation eminter a8 developed is sultable for any £ aotive
nueclide prepared in a thin selid souree. The instrument is .
desoribed in the next chapter. fThe flusrimeter (I9) can eniy
‘be used for the determination of uranium but is cesily the best
me thod ?ox’ the estimation of sub-micro gram quantities of this

elemm,, fadiochemical methods were needed to make use of both
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these mStmgnts. These were developed and are deseridbed
in Chapter Vi,
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Ghapter V  The Scintillation Gounter

, The radon~thoron methed was limited to its semsitdvity

by the beokgrownd of the ionisation chember. This could never
be reduoced below 20 cph and was more usually 30~40 oph. The
aceuraoy with which any low o aetivity ocould be determined waa
seriously reduced by this background level, ~Gorrespondis

the lovest detectable limit of activily was of the order of
4,1077 g thorium which for meteorite vork is rather high. A
counting .Qne'thod was sought with as low 8 natural baekgrom)d as
poseible. The scintiliation counter cosbines this advaniage .
with great stability. The baockground is of the oxder of % oph,
The lowest deteetadle 1imit of aativitfy becomes 1 % ;'9*7 g T,
which means that meteorites can be tackled move surely and some-
times with lese starting mterial than by the radon-thoron
method.

If = radicactive material émﬂ.%;ng X particles is placed
near a sine sulphide screen small flashes of light appear as &
result of the bombardment. This phenomensn is the basis of the
swpmma.r@.eeope which appeared early in the history of mdio—
aotivity. (38)

‘Tne scintilletion counter o be described usecs the same
baeic principle but instead of visually counting the flaghes as
was attempled carlier, they are registered by weans of electronie

squipment, The delection of the flashes is performed by e
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photorultiplier tube which transwits the pulses produced via
an amplifier to a disoriminater and scaling unit. 7))

Ve

The apparatus necessary is shoun in Pigure 13. The photo-
mltiplier tube assembly is shown in some detail but the
standard pieces of equipment such as the potenticmeter are
merely indioated, The pover supply unit and the po@e:?t@cme ter
are type 1007. The scaling unit is type 200, the G.3.0. monitor
io type 1689, and tho disoriminator unit is type 1028, These
type nunbers refer to M.0.S. instruments.

The potentiomster taps off the polential reguired
{usually ~ 1430 volts) from the volds supplied end after
passing Whrouzh o smoothing eircuit A the H,P. 4o lcd to two
parts of the phototube, one the light-sensitive photocathode B
end the other the dymode pins ab the valve base (via €). |

Resting underncath the gless face of the phototude s a
perspex dise whose underside 1s conted with & °phosphor” lumifax
G806 Blue. This is a commeroial produst end is zino sulphide,
activeted with silver.

When en X setive source is held close to this "phosphor® small
flashes of light are produced uhich arc pieked up by the
photocathode, The ensuing electrons are ruliiplied at each
of tae dynodes and the finel pulse is passed out to the

emplificr whieh completes the magaification.
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‘1‘}3e G.ReN. gives a picture of the pulse and its baok—
grownd, The pulsc is pasced to a disoriminater and thenss to
8 ‘eeau.ng unit whieh incorporates a counting meter, The
instrument was designed for low counting rates (< 100 per hour)
but the sealing undt is useful for counting efficiency tests
eto. A pem recorder is included to check the validity of

eounts,

The details of the photomultiplier tube assembly are shoun
in Figure 14, The photommltiplier tube was obtained from EdfeIs
Ltd,, and was type V 5032 czé/,ampsfzumea, 1.3 X 10° gain),
Botween the photooathods and the collecting clectrode there are
11 dynodes. The tube housing is copper cheet sorcwed and
soldered on to e frame of angular brass.

Supperts P and H for the tube (J) and the counting tray
support F were all mxde of porspes vhich has a very low .mtura&
activity. After pessing through the smoothing ofrouit A the
H.T. ic led to the door switch B. 1Ip this way the door (I)
cahnot be opened without the potential being telen off the
photocathode, The door and any removable penels are edged with
velvet to ensure light tightness and all inside surfaces of the
box were painted dull black. Held by H, bencath the phato-—
cathode €, 1s_bhe perspex dise D, whose undersidec is coated
with phesphor. The counting diso support F so fits that the
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surface of the counting dise E haviamg upon it the KL aotive
source, is within a mm. or two of the phesphor, F is held by
means of a spring G. The phosphor diso D is prepared in the
follovwing way. The perspex diso of 5 am. :dia.met.er is cleaned
and several drops of & 5% solutien of phosphoric acid in acetone
are placed an it, These spread and merge into o £ilm and the
phosphor, which is a fine powder, is shaken through a mash
evenly on to the disc, until it is eonted, The diso is then
inverted and tapped leaving o thin semb~trensparent layer of
material. If this layer is too thick then it will be opague
to the mdmute light-{lashes, and on the other hand if teo thin
some o particles will not give rise to flashes: The optimum
is approximately 15 mgms/cm3.

The dynode D pims Dl, 2, 3 eto. on the valve base O are
comnected as shown in the lower eircuid dingrom. A4All the
rosistences shown exocept thet in the smoothing ze'ﬁrcmit: A are
250 K t 1%, The decoupling condensers are all 200 pf. The
colleating cl ectrode Q is connected to the amplifier, The
glass envelope J has to be kept olean sinece it insulates ¢ (at
-1500 volts) from Q@ . A guerd ring of graphite (I) and a
similar depssit where )0 joins J are egnneoteﬂ to carth. fThe
tube ic kept rigid by springs 1 and N.

The disc E of polystyrenc has a dilameter of 3em. The
active mterial, kept at J mgm U0 prevent subsequent intermal
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absorption of L particles, is placed on the disc cither as
e alm'ry.er solution amd dried to an oven deposit by an infra-

red lamp. As an aid to achieving this, a device desoribed
by uright (38) me employed. In this small jets of air are
blown through holes pierced in & brass tube in the form of &
ring, The dise is placed inside the ring and the jots of air
impinzing on the liquid to be dried, cause it to rotate and
to leave an even deposit.

An aliquot of & kmewn-strength uranium solutien was dried
on o platinum foil of 3 cm diameter. The residue was
moistened vith pyridine, redried and ignited to preduce &
dursble source of practically mo weight, hemee nepligible solf-
absorptien, This source of X particles was used to estimate )
the efficiency of the instrument, and aeted as primary standard,
Too frequent use of such & seurce would risk contvminating the
apparatus and so & polotmm.saume vas propare |
placed on en aluminium tray, The cemtre of this, where the
polenium was located, was covered with miga,

The counting efficiency of o typleal phosphor dise of
approximately 15 E@ﬁ/ma was 35%. This effieiemcy refers only
to the o particles from UX and UII. The efficiency should be
higher for the more energetic The « Ma (6 ev.). The
count of the polonium secondary standard could be notea for a

particular phosphor and any deviations from the efficlenay




could De easily detected,

Counting disos made of platinum which enabled a fast
drying raé,e to be employed m;.dheexg used but were found to
have too high a natural dbeckground., Polystyrens discs cen-
tributcd ne count but tho source had %o be dried more slowly,
(Defornatien of the source dise through ovorheating might
result in the phosphor being damaged.)

It 48 worth noting that it is essential for the source
troy support (F) amd a source tray (E) to be in positish when
background counts are tagen; ' If mot, then e rilioh higher btaok=-
ground thon usual will be obtained. The K particles formed & -
by the radon in the air cnalesed in the base of the instrument
vill give rise to counts. Expressed as the corrvosponding 'a{npuut :
of radium the average radon ocontent of eir is opproximately
equivalent to 80.107'8 gm na/oc of air. (39), mio can ve ex-
precsed as 1.07 .10'3 « 's/nr/ee of air,

The base volume of the sointillation counter is
approximately 930 ces, hence approximately 9 £'s/hr will result
in the total volume. Only some of these will be counted dut the
relevant considérations are mot the geometrieal enmes (i:e. the
dimensisns of the box and the range of the ol partieles), The
phosphior surfaee is charged up %o the voltage at which the photo-
oathode operates (~1450 or -1500 volts). Comseguently it will




plolkl up comd fmegaien of ko notivo dopnsit produged 4p the
voluso comsidered. A bockpround wme esuntod over o perisd of
soversl uceks with D and P removed, As far os tho 2 957 to £ 102
error Tould cllew such am inforence, the 'bacipround' remained
stondy o6 opproxiemicly 6 oph. This would seen to curpest that
raden wos being emwnated frem the materials (brass, paint, ete.)
incifo the dnctrument beX. "

AftoP O long opoll of uease, the inctmursnt, which we
froquontly toated by meine ef e jolondim cubotondord wae
found ts hove doorcaced in effiedency. The phoopller was still
10 Forfoct conditien and 1% s presuNed ¥nt the gistemultiplier
wbo wao at feult, | |

T Mt obtained £2an o given souree ic vory cependent
' em the voltage used for the photomltiplior tube. Fseults are
given in tho following table for the polemium cudstandord,

" iy

Volts 4n CPhe saskordong
RbS. Qm, ~

s ; " 4
14930 ' | s & | -
1453 6142 8 | 0,6&0,1%
1509 1171 ¢ 20 1.4 £ 0.3
1550 3560 £ 22

RS - )
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Before the falliny off of efficieney the Po source with
the tm:e at -1450 volts gave approximately 1670 epn. To re-~
store the status quo as nearly as possible eounts were taken
with the tube at =1500 volts., A gain control en the amplifier
used after the tube, was o further possibility of restoring the
efficlency. The following tablec shows the C.Pels given by the
Po souree at the values of the gain obtainable,

vy

¢ain 2 3 : 4

.

cpme |23+4 | 61az8 | 1586+ 20

A possible cause of tho decreased effieiency at o given
voltage en the tube was the forrmtdon of moisture droplets .
on the glags facs of the envelope enclosing the photoeathode.
Then light flashes would be diminished by refleotion. In an
attempt to overcems this possible defeot a smll vessel of dry
silica gel was plaged in tho base of the instrument ToX.
However, Ro sigpificant imercase in efficienoy was noted.




Chapter Vi  Radiochemical lHethods

The scintillation ocounter needed a method of separation
for & pember of the thorium series resulting in an £ -aotdve
source of only a few milligrams weight, containing all of that
particular muelide from fifty or more grams of an irgh metearne.
A method for a member of the uranium series (other than uranium
itself which would De beat amalysed by the fluorimeter) ro-
sulting in e similer source would be useful as & check on the
fluorimeter result, It vas along these lines that the radio-
chemical methods were evolved bearing in mind that the
‘separations would be bea'i:. verfomed from the same samples

However, before designing any cxtraction procedures, it
was thought worthwhile to obtain an analysis of o typical iren
metoorite for 4ts troge constituents. Thon the methods to be
developed could be tested rigorously before being applied to
meteorite samples. 3avik, an iron meteorite of the om class,
was ¢hoach.

(1) speotrographio annlysie of Savik

The apparatus ﬁsea was the same as m the case of Bedd-
gelert (see page 56 ), but since more time was available a full
guentitative analysis vas pe‘rfomed. The methed employed was
to weigh off a sample of Zavik as F?;'_;_@B and "dilute” this with
& known weight of ammonium sulphate. The total weight of
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gavik used for this analysis was less than 2 grams. This
mixture wes pressed into pellets and burmed in the DB.C. are

i conditions. Then ammonium mlpmt.e agts as 8
flug and steadies the amc. The light from the arc wag focoussed |
on to the slit of the spectrograph and e photegraphic record

of the speetrum was obtained,

Further "dilutiens® were offeoted with a flux consisting
of 594 ammonivm sulphate/ 5957 ferric sulphate so Wat elements
precent in large emounts could have their speetral intsnéities
roduced to convenient levels for measurement. Series of pellets
of these dilutions were spsotregraphed. The basis of the method
is to use the iron spcetrum as an internal standard, (40) one
has to obtain an ordinary chemical figure for the iren present.
in the unknown substance and then the spectrum lines of the
element looked for are cempared with standard iren lines and
density ratios are worked out. on standard Plates photeographs
of knewn amounts of the given elemonts are listed together Witnh
the pereentage with respeot to iron. fThese standard mixtures
are spoctrographed under the same conditiens as the sample,
when o given element line density equals a cermﬁ.xi iron line
~density, it is Imown that the element is present as o certain
percontage with respeet to iron. Using a Judd-lewis comparator
these densities can be motched visually sinee the iren spectrum
abounds in lines of vorying intensity, so that maiched lines
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(or hozologous padrs (41) as they are called) for o wide range
of clement content can be found., This visual method has an |
error gemerally thought to be within £ 107 of the figure
stated, This egtimate of the error has beem arrived at after
regular comparisen of ths method With the dorresponding
chemical mothod for the clecments concerned, comparisda between |
these line densities can also be made with a microphotometer,
The microphotometer method has an error thought to be withdn
* 5% of the figure stated. (42)

L

The Savik sample wWas zosessed by the visuzl method, This
method is mch quicker than the microrhotometrie enc, amd the
orror involved was low encugh to enable & sufficieatly accurate
survey to be made. The iron figure obtained by chemical
analysis was 91%, The spectrographic analysis is shown in the
following table, vhere the figures given are percentages.
Copper ecleotrodes were used in the analysis, and so copper
could not be estimated on those speotra. Hovever, the sa.mple’
wae speotrographed, using graphite electrodes ond the spectra
vieye reeomed on & scparats photographic plate for gualitative
reeding only. Copper was deteoted,




Element ¥4 G S1 Gr S» Al g
Percentege 7.5 904 0.2 00*5 0.t1 0.06 0,04

Elerent an ca M4 Ee Sb o
Percontege 0.02 0,015 0.015 0.012 0.012 0,008

The following clements were not doteotedy the figures
given are the upper limdts for their presence,

Element 4 Bl Zr Cb As
Peroontage 0.12 .0,08 0,08 0.08 0,05

Element e B tie Ag  Sx
Porcentage 0.05 @u@ﬁv 0.,018 0,018 0,018

" Elemeat T4 v Cd & 2 H

Peroentege 0.018 0.018 0,015 0.015 0.015

(ii) Methods alrcady tested

To ideas for the estimation of thorium by separating
ThB which would gemerate ThC, had been tested (using standard
thorium selutions) by previous workers. (E.R. Mercer and
Re Acocchbacher).

The first of these mothods was toeleotrolyse the 9% nitrio
acid solution containing o Tow willigroms of lead as onrrier.




Uoins & potontial differcnce of 3§ volts, o current of 0.5 amp
and © Pt csde of § am® area the lead was doposited en the
anade 03 FB; together with Ind and The.

e follewing tadble (Gue to secehbacher) cheows the
voriation in oxtractisn of Thi with the tdge opent on clectro-
lysis, 2 mpm of lead being used throuchon

' ' . ) S |
Pime in hours
ef cleetrolysie Th found 7 Mean
- SEPUEES |
1 2555 202, 2.9, 2.3 243
2 Be3s Te9s 80, Bs2 8,
3 12,55 12,5, 12,5, 12.4 12,9
4 2648, 26,1, 37,7 2649
? 41,23, 4049, 40 41,0
6 {3935 49»7, 5@-3, 50@4 3042
_—"

The resulto on imoreasing the amount of Fd precent feor
b-tivar olecotrolyses gove no imprevement. In the woshk £ar these
recults sufficient ThE woo used Yo pormit ite dircot cssoy by
godmer counter, It can Wo ccen that the electriolyoids mothed
ic pot an idecl eme sinco the prepapatien of the 59 source
ic lengthy add io fairly complieated. A cpeoinl ansde in-
copporatdng o platimen esunting diasgl: had to e gesigned so as
to orronge 8ll the dopooitb on only obe cide of the diss. This
and the obtaining of low-teokpround-csunt PY disce proved




troudlesane.

The idea already tested was the dithizome method,
In this the lead complexed with oitrate was cxiraoted frem a
slightly ammoniaeal solution by means of & O.17 solution of
dithizone in chlorofomm. The combined extracts were evaporated
in a Pt dish and the residue decemposed wun m?m} and finslly
evapsrated on to & counting dise., The following table of
results (Gue to Aeschbachsr) shows the effects of imcreased
amount of Pb on the ¥ of ThB cbtained,

izms Fb used 4 ThB found ifean ﬂ
2 78,0, 8049, 76,8 |  78.5
3 84,1, 82,7, 8353 84.0
4 88,1, 91,8, 88,6 8943
p) 85425 88.5, 88,7 673
& 7235 T34, T9.6 7341

With both these above methods only standaxd thorium
selutions were tested, The task of working dircotly with 2
solutdon of 50 or more grams of iren meteorite to obtain from
it a fow milligrams of added Pb seemed likely to be diffiet_xlt
and intermediate stages would then have to Be interpolated.
Furt.twr‘ the problem was to obtain a count reclevant only to cne

of the radieactive series, In the eleotrolysis method, however,




-90—

polenium vaich would interfere with the determination of ThB
could be taken out of solution in a preliminary clecirolysis.

(414) Proposed twp stege mothod

L d

Pigures 2 and J may be of some use to the reader, Uork
was begun en the idea of a two stage method, i.¢. & con-
centration of the relcvant nuclides from the 59 gm. sample
scale to the 100 wmpmm scale fellow®d by a concentration to the
2 mgn ceale, I£ these two stages could be arranged then the
main wrmm}sr of using a noeessarily small weight of the
final precipitate (to aveid self absorption of X partioles
in the prepared source) weuld be overcome. It would be
@ifficult to design an efficient method of extraotion for a
mezber of & radionotdve series from 6 litre of concentrated
. ferrio ohloride solution using only 2 mgms of carrier,

For the two stage method verious procedures were tested
but for the estimation of ths thorium series the second stage
(concentration to 2 mgm) was common to them all. This was
the eztraction of ThB (10.6 h, half life) by precipitating
2 mgys of lead as lead sulphide from the solution. ThB is
P active tut ste daughter The (60.5 wmin. half iife) 1s ok
aotive, and so an K ~active source dependent on the half life
ef ThB would be obtained, 1t became obvious later that ThG,
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a bismuth isotope, was also quantitatively extraocted by means
of load sulphide (see page. l10), and so the ThB - The f ~active
souree Gecayed eimply With the half life of ThB and no initdal
growth to equ&liﬁrium of The’ occurred, |

Some preliminary tests had been carried out with lead
iodide, These showed that from & manipulative pint of view
2 precipitate of 2 mgm of lead ipdide could easily be separated
and deposited en a counting tray. Hovever, the extraction of
thorium B using this preoipitate wes only 708 efficient using
excess lodide ion, and carrying out ths precipitation at a low
temperature (4°C). It was presumed that the solubility of lead .
iodide (40 mgm/100 md at 0°C) was too great.

lead sulphide is pmeuoam insoluble (3.6 x 1072 gm/
100 ml at 18°¢) but unlike lead iodide, 4t can give rise to
collotdal types of precipitate vhich can prove Gifficult to
separate. ' ‘

Care had to be taken with the acidity of the solution from
which precipitation was made, and a fized centrifuming time
had to be followed:, If the solution was centriiussd too long
(appmxﬁmteiy 15 m) the FbS deposit on eounting showed an y
a0tivity which dscayed muoh more slowdy than @TnB Souree,
the decay ourve showing that ThX amd RITh hed been brought.
down 28 well, With 5 minutes centrifuging time only Th3 and




Th¢ were brought down, from e solution of thorium in equi-
lidriunm with the rest of the series. Simply precipitating lead
sulphide on the 2 mgm scale hod advantsges over the more
complicated clectrolysis and dithizone methods. It is simply
performed and wi.%{z due care extraction efficicmcies close to
$094 are obtained,

‘The Pb3 separatlon is useful, since ag well as not inter-
fering with the rest of the series (the mambers which are
important 4in mis context bwoldng thorium and mdinm isotopes)
it permits a vfa,ir nuzmber of oarrier—teehniquea to be considered |
for the first stage (t,he concentration of thorium to the 100 mpm
scale). Further, since the Pb3 technique interrupts the series
é.t. o member with & half 1ife of 10.6 hours; it permits the
repeated extraction of this meomber (ThB) from the parent matrix,
whore after a few days the ThB will have grown to equilibrium
again. [once from & given sample menAy estimtions of the amount
of thorium series present should be possible., The limitatien
imposed by the FbS technique is that the PbS preeipitate would
carry cGown any radium aotive deposit members present in .
selution notably Ra¥ (polonium, o aotive, half life 140 days).
The eount obtained would no longer be relevant to the thorium
series aleone,  In effect, this means that & must be ebsent
from the solution to be extracted with PbS. This led o the

idea of separeting thorium from the meteorite solution by a
sulteble procedure on the 100 mgm Scale which would leave behind
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radium isotopes. The members of the thorium series separated
would e thorium itself and RATh with ThX loft behind. The
merber of the uraniug series rclevant to the pmblem, which
would be separated, would be ionium ( thorium isotope), and
rediun vould be left behind: ThX would grow to eguilibrium
with the separated redisthorium with o hali-perisd of growth of
3,64 dags. On the other hand, radium would grov to equilibrium
with the separated ienium with a half-period of growth of

1590 years and so would not interfers: The meahera between ThX
and ThD sre short lived emough to 'follow the growth of ThX very
eloscly and we can concider RATh, ThY and T™B as toing three
gencerations. .{Ising the Bateman solution for three generations
of a rodioaotive family it is found that the grand-daughter
(ThB) lags bohind the daughter (Thi) in grovth by eppreximtely
1 mean life of the grend-daughter (Th3), i.e: 19,3 hours: If a
period of growth of several weeks is allewed thon both TaX and
Th2 activities will bBe approsching equilibrium, and the knewn
large fraction of the equilibrium amount of Thd can be separanted
using Fbs, and a count obtaineds The followimg figurce show the
growth of ThX and ThB expressed as percentages of the cquilibrium

anewity

Days 3.04 7+28 1@';92
T 507 758 87454
ThB 4345 733 87.5¢
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Thus after 11 days the lag of 15.9 hours makes no sensible
difference, and the fraction of the equilibrium emount of ThB
presont can be taken to be tho same a8 that of ThX. The methed
appeared Lensible provided the sbove mentioned redium-freé
thorium soparation could be performed, and it was shown later
that this could be effected. Another roason for establishing
& radium=-thorium separation was the possibdlity of developing
& separation of radium from the meteorite snrlution followed

by its estimntion.

Hewever, it is imtercsting to mote the procedure which
eould be used if radium was present in the RATh/ThX solutien.
The solution could be rid of the Ra active deposit meubers by
a prelimdnary Fos precipitate which could De discarded. The
ThB and ThC would be extracted by this procedure but would
grow to equilibrium again in o few days and the long lived .
membere of the radium aotive deposit would ne longer interfere,
of the rest, #B (27 m, giving rise to R2C) wouldd grew to
oequilibrium and be extracted by tho FbS precipitate to be
countéd, IFf the source could be counted t = 1} hours after
preoipitation then HaBR - RaC would fo longer interfere and .
a count pupcly relevant to the thorium series would be obtained.

It vas pov neecasary to test the efficiency of extraction
of ThE by the FbS technique. At first the seintillatien counter
was uged with low sctivities of ThB and encouraging pPesults
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were obtained which are deseribed belew. Highly cetive Rdth
sslutisns (from which ThB could be eepammd) were used later
in & separate 1aborabgﬁg and more precise information was
obtained (see page 10d).

ihe theoretically expected count from a microgram of Th
is approximately 15 & 's/hr, With o phosphor of efficiency
35¢ the best practical count obtainable would be 5.25 K 's/hr.
the tims feor seource preparation uas le 40 minutes during
which 4,37 of the ThS decays. Calibration rosults obtained are
given below with the duration of the count. Knoun thorium
solutions Rad 2 ogm Fb added to them and were saturated wﬁﬁh
HpG fov several minutes. The Fb3 was separated, dissolved and
transforred to & counting Gisc. The results obtained were:-
- Cph. per 1070 gm .

4 hour calibrations | 4,4 £ 0,3 | 4:4 2 0,3 | 4.8 £0,3
16 hour calibrations | 2.8 ¥ 0.1 | 2.8 £ 0.1 | 3.1 £ 0.1

'

(-

Tho mean of the 4 hour calibrations is 4.53 £ 0.2 cw/ug. The
The error in accepbting this eount as the one repreaentative of
the end of the £irst 2 hours of the count, is megligible,

Hence this count 4s 87.8% of the count ebtaininy at the
beginning of the eount and 847 of the count obtaining at
ppeeipit:at.@m, e thus obtain a corrected ealibrotion of

5.4 £ 0,35, This agrees with the expected calibration zesuming
the counting efficienay.
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o opposing factors operate here., One is the Gifference
in epergy between the O partioles of the uranjum standard
source (4.21 and 4,75 1eV,.) and the o particles from ThC
(6.0 e¥). ‘Inis factor makes the theorotieally expeoted count
(5429) 2 mintmum. The other factor is the shape of the source
on the counting disc. The standard source, Weighing less than
o tenth of a milligram, is practically all concentrated in the
centre of the disc. The technigue employing 2 rgm of Pb as
PbS carricr results in o thin diso of matorial spread out to
within 3 or 4 mm. of the edge of the 3 om. diameter counting
disc. (This ie to aveid losses due to self-zbsorptdon of
partioles), Hemce one would expect the uraniun standard in this
respect to be more efficiently counted, making the theorotlcslly
expected count & maXicmun.

Thisc meens of est&mung the effie&eney of the Th3-C
souree can, therefore, be considered acourate emn@h sinee the
counting error is ¥ 6,54, "

It seemed from the above date that the second stage of &
method for thorium could be cstzblished. A complementary first
stage wns needed, This would have to ceoncentrote tham:em free
of radium from the meteorite snlution to the 100 mpm scale,

it hed already been shown that iron could be held up in
alimline solution while extraction precipitatiens were oarried




out, if salioylate ien wos present in sufficient gquantity.
( see page 1%).

It 100 MEms o of cerium hydroxide were preeipitated in
sueh a medium, thorium isotopes would be oarried down (see page
63) and radium isotspes would be expected to be mainly left
benind in solution., ThX would grow in the pmeimwst,e and
ThE and ThC ocould be extracted later, by means of a precipitate
of PbS and the ‘ﬁ%@lo('s counted, “hether or not Ce(nH), pre-
oipitioted at ladb. temperature carried down radium isotopes was
tested, and the iareoipit.ate wvas found ito cantadn 47 of the
na.dmm originally present in solution. By ropesting this pre=-
eipitetion the redium carried dowm could be reduced to
negligidble proportions, |

It seemed from the above data thnt o complemnentasy first
stage of a method for thorium could be establisned., Howcver,
it was proboble that any uraniws present would alss be oarried
gown on the m-aeapua.te of Ce(0H) 4+ 1In oxder %o allew for a
separation of uranium to take place another first stege for
thoriun vas tested.,. Thls was to use a precipitatc of egriam oy
zirconium iodate to carry down eny thoriuwm from & &J oy
solution of a meteorite. It vas most probeble that neither

rodiua Rop uranium would be ocarvied down under these conditions,
and further techaiques for theilr separation could be applied




n?@-—

to the mother liquor., A precipitate of zircopium iodete
dissolved casily in HCL and efter boiling, the Golution was
stable vhen 0,29 with respeot to HEl and 2 mems of PBS could
be preocipitated from it. ms appeared prowising for the
thorium procedure. Tests were then made in an attempt to
cstablisch o two m stege semm&ion‘ei’ uranium, As with tharium
a concentration to the 100 mgm séale was envisaged followed by
a final concentration to the 2 mgm seale for scintillation .
gounting or fluoﬂmekrio analysis whieh proved more sensitive.
Uranyl) oxalate is slightly seluble (80 mgn/109 ml at 149C) but
it might be oxpected that with exoess oXalate ion present a
preoipitate of lonthamum oxalate might carzy a@zﬁa any urnniunm
present. However, under these conditions lanthamm oxalate
carried dowm < 15 of the uraniun present in a solution. Uranyl
ferrocyanide 1s insoluble in neutral solutinns but is soluble
in dilute acids, whereas wolybdenum ferrocyanide is insolwuble
in both. To a solution conteining uranyl nitrate end ommonium
molyvdate & selutisn of potassium ferrocyanide was added. The
preeipitatc of molybdenum ferrpcyanide was separated and ex-
trascted viith dilupe nitric acdd and a counting source prepared
from this extraot. Hovever, only 2) of the uranfum initially
present was recovered., Nayes and Bray (43) poinf- out that
uranyl ferrocyenide at low concentrations tends to form a
coleration rather than & deposit. Here it scems that the ]
molybdenum carrier precipitate Goes not overecome this tendenay,
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Proeipitates of eluminium hydroxide proved disappointing
as carriers for uranium until earvonats-free anmenie, prepared
by distillatien ovér KoH, was used, Then reooveries of 1007 -
were obtained, A proved method for the sepammn of uranium
is to sther-extract the ealut.ion_&q which nitric =0id and
ammonium nitrete have béen a&ded.' Hence for uranium 2lse a
tuo stege separation was feasible, since AL(0H)4 preojpitation
could be used for the first stage and ether-extraction for the

second,

Detailed teste of the conditions for the zirconium iodate
precipitation vere mede. e cloments present for the iodate
separation mﬁld be mrinly iron and nickel in o solution 2|
with EﬁﬁOB. Bariun would be present as a holdbach carrier for
radium cRd girconium as the carrier for thorium. It was shown
that ot &4 iﬁéej no metal present in a wpioal meteorite gave an
iedote precipitote, nor did barium. It was also ciswm that
girconium came down coupletely, provided that tho sslution was
0.15:7 with KIOB. Arranging thesec conditions and using a
solution with similar concentrations to those oupected in a
meteorite colution with added barium and zirconium no procipitate
could be obtaimed, Taldnyg the componcnts onc by one, it was
showm that without iren prosent {(or with its concentmtion
greatly reduced) the sirconium iodate precipitation proceeded
in the normal way,

To make the method work mast of the iron whieh seeins to
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form o complex with lodate lon, Would have to be removed in a
prelicdnery stepe A proved method for this task is to ether
extract o 5.5 N HCL solution of iron when it pacses as HFeCl,
into the ether layer, (4 B3 212) | oo guen extractions
would reduse the iren lo nezligible proportions.

Heving made this step further ideas wore 'pa«seible., £
zirconium and aluminium were edded to the aguesus layer of such
an oxtraction and carbonate free mnia agded , any thorium a;ld
uraniun weuld be expected to tfollow the combined precipitate. |
Thus in two fairiy simple steges the uraniun and thorium from
a meteorite solution eould be conesntrated on a 100 wrm oF less
of szmmeé hyﬂmxﬂ.deé_u It would secm that radium would be left
boshind in smlu%ion; These hydroxides and their carried radie-
activities could then bo separated by the olassical group
procedurc using Nay0p and NaOH as reagents,

The zd.monium precipitete plus thorium could be dissolved ’f
stored and later extracted with PFbs to provide o ThB~C source.
The sodium aluminate mother liguor could be aeldified and
alummum Plus uranium precipitated by »cax‘bana.ﬁe froe ammonia
prior to ether-nitric cxtraction, |

There are obvious advantages to & methoad invelving group
proceduraes,. Thess proceedures have beéa’ proved rcliable and
there is much less risk than with the iodate moihod for example,




of intcrfercnce from the many clomenis, presemt in trace
quantity in iron moteorites. {Scc page 87). It had been hoped
when those ideas were arrived at, to imolude a separaticn of
radium in & form sultable Lor tho scintillation counter. The
mother liguor Irom vt-he first hydroxide-precipitation would
probably contain most of the radium and a secord precipitation
would cnsure complete rempval, Hewover, morc then a few rgms
of barium proved to bec necessary as holdback csrrier in such

precipitations (sec pege b ), ioresver, there was the
fundamental difficulty of pmmrix@a aox:—efmujﬂg source of
low seli-zbsorption, These qualities appoay imcompatible, since
large erystals are necessary for non~cignating preperties (21)
A further idéa was to ¢ xtract the polonium (HAF) in eguilibrium
with the serice by means of m but the adeguate covering of
such 2 source to prevent it @onpamnatg&rg the ingtruzent, again
posed a self-absorption problem. The stredghtforward Bafo,
extraction (30 mgm scale) or a wodification of it (see Chapter
IV) is feasible, of course, if an Mmisabionvéhar&er radon
estimation can be considered, | |

The scheme which was chosen to investigete in detoil is
given Below in the form of a fleowshest,

A UNIVE
\\?‘ BCIENCE RS//‘r
\ SEGTION
a Ll %TAR‘( o
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Schewe of Analyeois

Sample of iron meteorite _-J-u»mmmw to dryness

in GG
Add zr, A1, é:l.eg salts
ao '3 N

Em roted &—— Agueocus layer &——— Ether emamct 3 times
oseen aoid

Carbmnate-free
NH 40H o BEthor layoer (contains

practically all Fe)
tather ligusr —> Preo
mnmm Nﬁ. zsi 4» .Al (o)

%t;é gﬂaﬁ‘] + 70(0H) 4
_'aqmﬁfy with dissolve
EG1 in acid
add HaS0,4 v
Eagﬁgﬁﬁa@ﬁ
Ba3o4 (30 vem reaction
seale)
+ EaSog v
Mother ligaer—— Precipitate
HealOp + Hogllog gx{oi}g + T™(0H)4
% %xs. in
al(on)y + (Ui, )2U207 J9+2 1 HeL,
204 Add Pb and Bo
add dtore hnoua time
NW@; )
. a8
Ether extraed L
Repetitive PbS
source of
U sourge ThAB~Th¢
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(iv) Detedled testing of the selected procedures,

The testing of the above procedures would have pmveé
long and perhaps indeoisive if it hed been carried out on the
scintillation counter, Using strong 'se’umes on this mgtmment
would Rhave mn the risk of ceriously contamimating the photo-
" zultiplier tube and its accessories. Yet without large counting
rates much time would haove had to be spent to ochicve deeisive
recults, Morcover, the testing methods using otrongly active
metorinls would joopardise later work in the laboratory which
would bave to be used for the manipulation of metcorite ex~
trections sontoining very small traces of the radio celements
soughts. It was, therefore, decided to use a compietcly separate
leboratory for high activity testing work. Careful precautions
were taken to ensure that no contaminating aetivity roached the
low cotdvity laboratory.

The main dovelopment work onvisaged was the testing of
the dutlined procedures a2t each step te find the dircoticns .
taken by thorium, uranjunm and redium during such apn enalysis.

Thoriun Investications.

Uranium X¢ wos uced as & tracer for thorium sinece as well
as beingz a thorium lsotope and hence chomically identical, 1t
hes a convenient half life (24.5 days). The Fmﬂiauga of UXy
is very weak, i.e. 0.2 ¥ev but its daushter UX; (half life




f.14 misites) has Pmdiamon of 2,3 Meve After 10 to 15
mimites it ean be essumed that the UX; is in equilioriun with
115 parent, In any extraction test the mia-ms in equilibrium
befare the finish of the souroe preparation, A preliminary
invootigation was ecarried out %o ascertain whether the end-
vindow of the Gelger counter used Vould allow the ueak
rediation of Uy to penetrate and register counts, If ihis
happesnied then the eounts obtained cm e given run migat depend
too critically on source maime-ss and so .im.roduce anomalies,
To £ind out if this vas so an abserption curve was plotted i
using & UX4 source and aluminium oboorbers of kmown thicknesses,
The curve so obtained showod that there was np lompe decrease
of aount for o small mafrea,se» of thickness at ths deginning of
the ourve, |

Another advantage of usinz UK, is the casec of its pre-
paration, It was prepared from ummrl nitrate hozxahydrote in
the foldowing way (45). Some of this salt wac dissolved in
- water and acid ferric chloride soiuhioza pat &aﬁeﬁ. The pH of
the solution was adjusted to opproximately 3 vith ammonium
hydroxide solution when the iren was precipitated as ferric
hydroride. This precipitite, containing gpst of the thorium
prosent as Ta(Ok)s and some of the urenium was digested with
ammpiun carbonate vhich rempved all the uranium as the complex
carbonate but did not affect the thorium (UXy). If, howover,
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the basic carbonate of iren had been brought doun with armonium
carvonate in the first place, then thoriuwm carbonate would have
been complexcd and held up in solution, ond the resulidng
F‘e(o@)s-vx, oxtract would have had only weak activity.

Thoriun hydroxide on the other hand does not form & complex
on beinz digested with ammonium carbomate. fThe forric hydro-
xide was eentrifuged off, and dissolved in Hgl.

(&) Souree proparation |

Sourees vere propored from a standard _ux, solution by
drying aliquots on small nickel trays suitable for support in
the Ceiger assembly. Using a grade A pipette 0.5 ml. portions
of the ﬁx, gsolution were tmnsferred_ta tmﬁfa and evapprated

to dryncss undey an infra-red heator. The counts obtained weres-

{a) 663 %£9 opm. (B) 654 £ 8 opm, 1emn 659 £ 6 opme

(v) 2irconium s & carrier for thorium

_ Allguots of the UX, solution were added to solutions of
dil. KC1 contolning 2 mgm. of 4F as ZDCls. The 3o was pre=
cipitated ss 2r{0H), by the 2ddition of WHOH colution., Tae
pmixéi%am vas centrifuged off, washed, 2nd transferred to a
counting tray. It was found best not to dry the gel-like
ar{0H), o far that & light pouder vas obtained, Gounting trays
treated in this way geve varied results. If the drying was

stopped vwhen t:he residue was otill mel-like, comcordant results
VOFS obtalned. Any radiation stopped witkin the solid was
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negligiblc since only 2 mgms. werc, employed covering a tray
spprorimately 3 em® in erce. The following recults wers
obtainods~ . o
(2) 6779 opm. (b)) 638 L8 cpm

vean: 6058 L &6 cpm. corresponding to 00 ¥ 17
Frou these resulte the conclusion waz drawm that vithin ex-
perinental error sirconium carries ocut thorium completely from
a2 solutien vhen it is premipit:a.wﬁ by ammonium hydroxide in the
presence of ammonium chloride, Eaving preved this point
zr{0l)4 ¢ould be used in this masner to extract the available
thorium from 2 given medium under test,

the effeet of ether/w.3 N HCl exntractions

(o) Zesting

Aligquots of the UXy solution were dried and the residues
dissolved in 6.5 HCl. These soiut;iens wepe shaken with equal
volumes of ether which had been previpusly equilibroted with
6.5 1 g6k, The aguesus lagers wore evaporated %o smell bulk to
remove most of the HCl. (2 mem of Zr as %rGl, were added to
each oolutien). After dilution the resulting solutiens were
rapdered elkaline with NHgOH colution and the selutions centri-
fuged,

The 2¥{nH), preoipitatec were transferrod o trays, dried
and counted, giving the folloving recults:-
(a) o7 % 2¢ (b) 1103 ¢ 2¢ Mean 100 % 29
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Therefore, on shaking 2 solution whieh is 6.9 ¥ with |
respeet to HCl, with previcusly equilibrated cthor any thorium
prescnt remeins practicslly completely in the agutous phose.

Standard volumes of the EX, selution were added te
‘aolut&ans conteining 2 mgm of Zr and vere troated with 107 Heol
solution followed by 200-300 mgm of Na203. The solutiens were
warnsd t,nl all effervesconce ceoased and then eemriﬁzgeﬁ. The
ae{08) 4 ygeeipitates WOre washed, trancferred to trays, Gried
and counted in %he normel way ang gave the follewing reeoveriesr—

(2) 95 %1% (v) £ 9% Mean 97.5 t 13

Thorefore, a pxea;g&bahion of Zr{0H), carries out
practically all the thorium from & selution when it is pre-
cipdtated by 107 NaoH in the presence of sodium peroxide.

(e)

seperotion of ThE from its parents by

Beetiana (a) and (4) show that shy thorium end cotigequently
ony rodiethorium present wiil follow 2r through the analysis.
The rodiothiorium would then dosey (half-life 1.9 y.) giving rise
to its doughter, thorium X (half-life 3.54 d.). Tac thorium X
.geeays 46 4ts turn Lo preduce thoron, thorium A, and thorium B.
The work éescribed in this sccotion was carricd out to test the
extrootion of ™ ok P3 from such 2 matrix.

A stropg radiothorium solutisn of unknown strength was
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availoble., 0Obvicusly & PbS cxtrootion of the unbmoun RATh
colution eould not be used to £ind this strength for further
tosts uaing PbS. The =mcthod of deying ab aliguot of the RdTh
selution and counting the Thi Betas wvas discarded Tecause the
dricd courcs might cmanate and possibly conteminate the Geliger
and 149 aceesoories. {This would not have besn a serious od-
Jection crcept that other cxperimenters wore using the gelger
equiprend. Ay Th active deposit would deoay quite quiokly
into imactive ThD.). The mothod chosen for standardisation was
to count the ¢ § radiation, A small fixed wire frome was
agsenbled alengside the Geiger as@ter vhich vas arranged
vertically, its end window facing down te the tyay support.
A loop in the wire freme wos arvenged to hold sssil uniform
glass tubss, The *s:.re Lrome kopt the tubes eloce enough to the
counter to pass an appreeistle fraction of the ) Fays through
it. Tests were made with aliguots of the radiothorium sslutien
in the small corlied tubes and with the tudbe mounted in the wn'e
chebsls provided for it the following counts were registered.
(¢ ml of RATh selutien in each) _

fabe 1 782 £ 12 opm,  Tube 3 774 £ 12 opm.

Tute 2 776 £ 4 cpm. Tube 4 779?.12 Cpm. ]

Heap 175 * 10 opm, (corresponding to 100:).

The method appears teo vbe reproduaeible both with respeet to tube
aimensions (o series of ignition tubes were used) and with
respest to position An the wire fmm;
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A solution was then sado up containimg 1 ml of 7AThH
selution, 1 cpm Bagly and 2 spm b as acetate. The solution
v2s epproimately Q.2 i ceids Hydrogen sulpbide -ms was bubbled
threugh tie solutdon for three cimutes, and the sslutdon was
then centrifuzed. The residue ofter washing Gas dissslved in
a smoll ammunt of nitrie acid and transferred to on ignitien
twbe and made up te & standard level. Corried threugh in
Guplicate this teot gave the following rosultsos=
() 724 % %2 (b) T8 % 2 '
Meams 731 ¢ 12 (corresponding to 96 £ 257),
A8 & chcelk on this method of cxiractlan af'm,‘céxmts vere
dotemiined for theose tubes &f. regular intervals. 7o decay
ocurve is shown i® Ligmre 15, and ah}aﬁa Rm% Vill: oDly B present
a5 © hold<back for ThX the PbS brings down RATa. e ourve
£irst shows o decoy opproxizately that of ThB untdl after a
eortnin timo when the rFediothorium browght down Ras produced
suffiofent Fall and eventuslly ™3, However, if ThX had been
bepusht dovm then the iniiiel approximately 19 hour kalf-iife
decay vould not have ocourred, |

A similar aliquot of R4Th solutisn was sinilarly extracted
bud with 2r present aa o holdbeoek for radisthorivn. The Fos
procipitate ws wached once ond the | rediction aounted s
deseribed. The counting vas repoated at regular intervels and
@ decay curve plotted. Here it was evidont (scc figure 13)
vt prooticaily all the R6¥a end ThY were being hold up in
galution. |
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Gounting tcsts carried out at the begimming of the ThB
deeny did not show any increase ia count with tioe. This would
hove oocurred if The (bismuth isotope) had not been eo-pre—
cipitated. since I was counting the § rodiation of TaG (half
1ife 60.5 m) there would have been a growth period in the count
uotil TC had grown to equilibrium with ThB. ¥t is ovident
from the eurves that, as is to be expeoted, The domes out of
solution with Th® on FoS. Then the decay of the chorter lived
daughter TaC closely follows tit of its parent., ‘

A sequenoé of ThB cextractions e PbS was cavisaged, and
the corresponding curve shous ihai very little pareat cotivity
ic lost in the PbS by this treataents A sceond prooipitation
to mle sure of this would make the source preparation tims
longer and hemee the fraction of ThB decayed greeter, without
sonsibly inoreasing the cifficiengy of further ontroctions.

However, dﬁfioult.i_es vere met in the establishing of &
scquence of 1B extractlons on MS. ‘3dnce Thi has a half-life
of 10.0 mours, then 3 days after o Fb3 extraction o further
similor crtraction will be possible because an amount of Tha
7ill have groun corresponding to 6.8 half-1ives: (72/10.6).
This emount will be > 997 of the equilibrium amount, provided
no losc of the parent acctivity has occurred it is pogsible to
perform o series of such extraotisns, but the rosults obtained

were inconsistent. proliminary runs had given 96 + 29,




92 ¥ 1%, 92 £ 17, as recoveries en 3 separate tests. The
slipght discrepancies obbaanéd mist have ariscn boc2use no
special eare had deen taken with the coneentratiaon of free aoid
exeept to ensure that it was approximntely ot 0.2 - 0.4 N HC1.

Gontrolling the oeid normelity precisely to 0.25W, olose
to 1009 extraections were achieved. It was thought opportune
here to investigate the dependence of the efficiency of FbS
extraction on freec acid concentration. Resulto werc obteined
and o eurve plotted for aeid normality values varying between
0 and 0.8, A standardised procedure was adopted. The length
of time H,S was passcd through the solution (4 minutes), and
the time of centrifuging (4 minutes) eto., were fized. Also
fized vwcre .t.b@e concentrations of Zr and Ea.

- -

At 0,025 and 0.05 W HE1l the PbS was preeipi{:ated in & form
vhich could not be centrifuged down in 4 minutes, At 0.8 N HC1
no Fbs was visible after 4 minutes of bubbling H,5., The curve
obtained is shown in figure 16. It is evident that the acid
pormality has to be carefully controlled at 0.2 N to obtain the
beat results. The dependeonoe of the ¥ extraction on the time
of centrifuging is illustrated by comparing the dotted ourve
{centrifuged 2 minutes) with the main one (eentrifuged 4 minutes
Too leng o eenptrifuging time had been found to introduce errors
when no 'holdback' carriers (Ba + 2r) were present, beocause

radicelements appeared in the centrifuged residuc which did not
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normlly do 50,4 '

All ThD extractions were correeted for the time elapsed |
betwesn pweciﬁitatioh of the ?hg and the beginning of the count,
After this investigetion the cold normality was carefully con-
trolled at O.&. Sequenes tests were performed without waiting
the noccssary sumber of three day intervals. A FbS cxtraction
Uas porformed end counted and after éﬂdushing the acid normelity
after adding & washing etol, aﬁfﬁrthe? ¥bS extractinn vas
coFFied out but this time Aot counted, Hovever, this second
exvraction would cause its due share of interforemsee with laoter
cubrections although not counted, cnd 3o the mext entraction
Gould be duly lebelled the third, This was dome for tho third
and fourth cxtractions but the Tfifth was alloved %o grew a
lmowm time and after extraotion it was counted. T following
figures vere obtained: '
" Sth extreotion: (&) 98 T g (B) 99 ¥ 13

The sixth wos likewise allowed to gfow and gove the fellowing
regults: )

Gth sxtraotions (8) 99t g (b) 104 & 1,58

dhen the above solutions werc stored so that the ThD could

e regenerated from ThY it was founq unnegossary to take any
- precautions against thoren escaping. Complotcly efficient
growths ¢f Th3 were achieved in solutions held in open test
tubes. Tads confirms the findings nnvpage-ﬂﬁg.




The thorium side of the proposed scheme of analysis had
now been cheoked and proved to be practicsble and six or rore
therium results (suffieient for acsessmont of statistiosl |
errors) could be obtained frem a given sample of meteorite.

Uranium Anvestigations

For the mcasurement of the concentration of uranium in a
given medium the fluordmeter (%) was used simce 3t i muoch
TOXe senaud.ve and convenient then a cauming method.

{a) 3’351& »_-, the effeot of ether/6.5 W HE1 extractions

el o~ o i o

. Tmf:-g was oarried out as desemed for thorium except thad 1
5,10~ g, U was employed, snd that the cther layer, being the
layer probably defiofent in uranium, was tested, A series of ’
sodium flunride 'beads were prepaved, their fluoreseenece m&sured
and from tus rmung t.he et.her layer was found to eomai.m v

(a) Q.15 % 0.0153 of the &vaila’ﬂe ux‘an:hm
(v) 0.08 L o,01¢ ° a o
Henoe apy uranium present practically completely stays in the
sgueous phase during this extractien, .
(b) 2Zirconium hydroxide as & earrier for uranium
A solution conteining 1,25 , 1077 ge U, and 2 mgm, of 2r
vas treated ;ﬁ.ﬁh ammonium chloride foliowed by amnonium hydro-
xide, Having used a large amount of uranium it was again easy
to obtain useful information from the uranium defieient phase.

The mother liguor of the precipitation was analysed and wasg
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found to contain 0.1 I 0,027 of the available uranium, Henoce
any urenium present is to be found practiezlly completely in
tho procipitate. -
(o) Testing of the NaoH/Ne-0:
This vas performed as in the UX4 tests desoribed except
that 1,25 1079 g. U wes used. The zr(0H), precipitate was
analysed and was found to eontain < 0.057 of the available .
uranium. Hence any urapium present is hold in the mother liguor.
(a) | _urani
1,25 1077 g. U was added to & Volume of conc. M0
saturated with ammobium nitrate, An equal volume of ether was
added and the mixture vigorously shaken, "gﬁﬁ.s was repeated
twice more, and the aquoous layer analysed. It contained 0,37
of the available uranium. idence uranium is completely extraoted
by this procedure into the ether layer.

-

treatment en ursnium,

hawing completed thesec tosts the proposed seheme 45 -seen
43, séporate conveniently uranium and thorium from the moteorite
m«stris and from each other. The prodblem left auﬁsiand.’mg was
to determine the path follewed by radium during the amalytiocal
- progedure,

Radium maatigatians
ThY was used as an indicator for radm. A streng source
of RATR in eguilibrium with its daughters was avnilable, Some of

this solution had Zr{oH)s precipitated through it twice and
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then the RATa solution had B0y preeipitated from ib.} This
was dissolved in HCl and mode up to 2 known volume fmm which
aliguots could be teken., After o test, a 'pmcipimte or |
solutdon vag allowed to stand 3 deys when the cquilibrium amount
of ThB had grown. Gounts given by & precipitate etc. were
compared with & similar aliquot which had deoayed the same
length of time, A sourcs tray having been prepared, the P ‘s
of Thd vere ecounted by tho Qeiger equipzment. IV had glread,y
been found umnecessary to take precautions egainst the esoape
of thoren during the growih of Th8 from Thi.

(2) Zestinz the effect of other/6.5M {HCl extraotions

A known éliquot of ThX - BaCly solutien was added to a
volume of 0.5 N HC1 and the msul&mg solution cxtracted with
etheyr, m ether phase was cevaporated after water had been
addod 2nd the agueous solution oblained was stored for 3 days
tmm ™8 had grown to equilibrium with any ThX present. Then
aom:%s were compared with those from aliquots of the original
Wi solution.s It is to be noted that the 3 day growth perisd
alse allows any extrancous Thk, Whiahlmy have passed into the
cther, time to decag. Two Funs vere perforweds

() 0.91 % 0.45 and (b) 9.94 £ o, 1}3
of the cvailable ThX being found in the ether paase. Kenge .

rediuvm is left behind almost completely in the agusous whase,

o effect of the 3r(0H)4 precipitation
: _

Here aligquots of the ThX solut.-i@n were extracted by a
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zr{oH) , precipitation brought down by NH,CL and NH,OH reagents

in the presenee of Ba as a holdback carrier. In the case of

2 metcorite solution it had been hoped to keep back the radium
fmﬁa 30-40 rgm 4r os Zr{0H), with 2 mgm Ba for & possible non-
emnating ok souree for the scintiliation counter. Hovever, it
was obvious that the successful preparation of a non-emansting

lishtweight souree would take o fairly long time to develop and
it is obvious from the results that follov that much more Ba is
needed to held back the radium, repeated preeipitations being

necessary in the presence of Ba,

The results are given in the follewing tables,
Table | gives details of o series of Zr{oH), precipitations
carried out in the presence of varying amsumts of Ba., The pre=
eipitate was brought dem by NH4CL + NHL0H reagents, at lad,

temperature.
TABLE 1

ratio fashings % ThX carried out of
Zr s Ba of Fpbe | solutdon by Zr{oH),
7:¢1 1 32 ¢ 2

131 1 28 % 1,3
132 4 18 ¢ 1.3

ts5 ' 16,7 £ 1.3

in Table 2 the details of 2 further serics of precipitatisns




of Zr{oil), asre shown. Here the ratie Zr : Ba is fixed at
waity vith the tcoperature and nuuper of precipitatiens and
washes varied,

Table 2
. # Thi carried
Number of #ashings out of solution Temperoture
Proeipitntions of Zpt. by Zr{0H),
1 3 6.0 £ 1,2 1ab. tewp.
2 2 7.6 T 1,2 s @
3 ! 4,4 * 0,1 noooo
t 3 9.8 £ 0.3 1902 ¢,
2 2 3.9 l 0.2 100° c.
3 f 1,9 * 0.2 100°c.

It was to be expooted that the next step in the analytieal
procedure, the precipitation of 2r{(0H), by NeoH/llas0; reagents
would show a_beb&viom similar to thet of radium, if Ba wae
prescnt, ’me follewing brief test confirmed this,

To & solution comtaining equal weights of Zr and Ba, HaoH
and E?aaﬂa were added at laboratory temperature, the radium
brought doun by the zirconium precipitate was 27 £ 1,35 of that
available. In one duplicated rum the precipitote of gmraoﬁmm
was cdctakenly left in econtaoct with the mother ilaqusr, Here

(2) 88 2 1% (v) 65 & 17 of the TuX evailable was found on




the %r{nH), precipitates. This seems to confirm that the
carrying of the radium is o surface phenomenon.

FProa the rosults obtained it cam be secen that twe
HH,Cl - NHigoH precipitations of K!.’(OH)4 followed by twe Haod -
Mag0y procipitations of sirconium will demude the Zr of any
adsorbed radium if (1) the precipitations arc earried out in |
boiling selutions and the precipitates well washed (i) Ba 45
present preferably in excess of tae zr,

These conditiens are essglly arranged in the proeedure.
Move than 907 of the radium will be contained in the mother
liguor from the MH,Cl - Ni40H precipitations and only o little
mz pass.'wuo the NaoH - Ha 0, resction mother liquors. These
are analysed for uranium after an eﬁaer/iﬁ% extraction ond o
the radiua cannot. interfere.

It is poseible to extract s nitric acid solution of a
meteorite for uranium divestly, but this interferes vth any
'gmpased thorinm éeparation. over 30% of any thorium present is
extracted into the cther layer from an &) iﬂ‘iaB salution (44).
It was likely that this figure would be different under the
conditions maintained for maximum uranium extraotion, i.e. the
solution saturated vith NHN03. A téat ueing UXy showed that
1.2 L 2.0% of the URq pessed inte the ether lager during suoh
er cxtraction., Since three such extractions are nceded to exd
all the uranium a substaotial fraction of any thorium pm&ént.
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would ke lost. It is thorsfore Better ¢o £allow ount the
cyggested sehemc whers both the urenium and thoriusm from e
given sample can be cstimated,

The detailed testing of the procedures hae not altered
the Basls of e soheme given on pase o). However, the
carvoRate=-free Nﬁﬁ and NaoH -~ Ha 0> preoipitations nave to be
performed tuiee to cnsure complete holdbask of radium.
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Chopter VII  Keteorite pesidues frem the radon-thoren methed

Many meteorite solutions were ovailable which had been
cEtracted with a preeipitate of 3a3nN 4 Sor the raden-thoren
mothiad clready described. Dependend upon what clifeet this
precipitote had had on ony thorius amd uraniun present u'ms
thought possible to obtain more data from these selutisns, It
was alresdy known (3) that asn, brought down apgromisntely 508
of eny thorium precent, This was cheohed using UX4 288 con-
centrotions and eonditione closely reserbling o typical Basn,
extraction of a msteorite solution. The figurc obtained was
47.5 t 0,58 for the amun&@f U¥X4 corried down, wiieh agrees
7ith the results publiaﬁedﬁy Berry :zf the eoncentrations of Ba
(0.96 mgm/ml) and Has0, (0.57) obtaining in meteorite runs are
considered., However, it was probable that & procipitate of

ms% unﬂer.t;hese conlditions would not affecct the uranium
present (9) .

since the meteorite solutions considered already have
uraniwn figures oblained by the radon method it was thought
interosting %o ipy out the new procedures on them, When any
proctioal difficultiecs might be expected tn show up.

Firetly s the thoriun position with regard to Basgn, was
investiguted. As alrcady stated, 487 of any thorium is brought
down ol the BaSn, preoipitete. This precipltate was fused with
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fusisn mixture tvice and the corrosponding amuRt of BaCl, )
(which was also still availsble) stored in solution in a bubbler,
If the thorium carried down rempined with barium during these ..
fusions eto, then a‘maidue thorium ﬁetérmﬁ.namg wags still
possible. This possibility was mYestigataed by preeipitating
Bago, in a solution containing Uly. 7he precipitate was fused
with more than 10 times its wolght of fusion mixture and after
eéoling thls was leached and cent»éifuged. The Ea@ﬁs precipitate
was then trensierred to o tray and counted, The wca vas

shovm ta contaili (a) 35.8 T 0,27 end (b) 34.5 £ 0.67 of the
amount of UX{ brought down by the Basgd‘.’i.eo 0550 of the UXq
brought down had been leached off in 'téae eimcent.rét.e@ alkall
carbonete solutisn, leavinog 17;”5‘01* the oﬁg’.ﬂ&l UKq with the
mcnj.

After a2 second carbonate fusion and leasching only 6F of
the original UK, uould be held on the BaCny precipitate and hence
only this percentege passes imte the bubbler, it is clear,
since the earbonnte sslution leachings werc nmot stored, that mo
more thorium analyses ean Lo obteined using thece meteorits
residues,

3econdly, thceffezct of a preoipitation of Basn, on a
uranium solutisn was uwes-z%gabed. Three such Ba3n, preeipitates
were ftmnd to contain (a) 0.22¢ (b) 0.23¢ (o) 0.237 of the
uranium availoble, showing that uranium detorminatisns on
metoorite solution residues were pnssible;
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A proéeduma was eosily sdapted from the tested proosdure
given in the previous scotion, This was to ovaporate an aliguot
of the meteorite solutien to dryness, and te dissolve the
recidue in 6.3 M HGl. This solution could be shaken with an
equal volume of ether whieh had previously been equilibrated
with 6.5 N HGl. After repeating this cxtraction twice more
practically all the iron would have been removed. Aluainium
(20 =zm soale) could be added to the aqueous layer whieh, after
suitable reduction in its acidity by boiling, could be rendered
alkaline with carbonate-iree ammp}a. The precipitete of Al( QH)3
aitcr separation could be dissolved inm oohcentrated 5404, the
solution saturated with eamonium nitmite, and tho urenium
present ex%mewé into ether. Aftler evoporation of thc ether a
omall agueous cxtract would be obtaincd from waich o segquence
of ssdium flueride beads e¢ould be mede , of vhich uranium content
could ke agsayed by the fluerincter.

This ’prooadlwe had to be tested using knoun ampunts of
uranium. Some difficulties arose. The meteorite solutien
Pesiduesc proved to oontain mainly ferrous iron, Tale Was over—-
eomo by mw@duamg a8 prenmgnary step where chlorine gas was
bubbled through me solution. Being all in the ferrlo state the |
iron wags then removed quantitatively by ether but not etherwise,

Tac carbondte~frec azmnnis step ws porforsed by ‘ssing
NHy gas from a vessel containimg avmmnia liqusr egat:e,ining Eni,
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7he "blonki' conteibution of this ﬁﬂg was very omill and 1937
recaveFies of wimaniuam werd obtaimed using i%. /0 dntoresting
pecult wos oblbadned during ob mmmai@;ﬂmﬂéa ints oo lov Fogo-
veEy toct Puags ATLer Wtho e%ﬁag;gitﬁa-mﬁ ;%@3 estroetian the
ether 1ngers captalning. wr

fun/eonbined, wntep 1o added and
tho other evapsrnted. She amceus sniutinn left thea Bss to
Lo ovopsmnted o omall bull (€19 mls) on tant Smootiens of 4t
(4 ol o2 leos) eap Lo inesrporatod 4o 1 gm ilal Deado propared
48 t 2l comoeity P6 venocelnse If thio eguoous mmua@.m ¢olen
devn tne fop ond dried, only 197 of the ureniun preeent in the
calutinn ovnparoted 4o Teeyvesable, C.p. LY bodlinp the bedber
vAth concentoated 3:23@3 otes I lonz 0o tho ovapssOted salutien
23 9906 talien % GeyRcos taon v urchium 1o fully PeerIvoECbBle.

ihen the smuooud loyor, after at,hamwl extrootion o8 izan
ung Bodded o doerense tho Lull of oeld o proeipdtnto of silica
wip ¥nrmed. Perfopdng test runs, 1 uas Imund tint thds
corricd daup 0,87 of tho uyaniun avadlobles

vdanlly . o dupdientod toot of tho sholo pivesdurs (Ve the
salloving wecyvesy figuress . .

{a) 9.2 L 2,57 (b} 9%9.4 ¥ 1.64
reoceure of othor vnrk confined reciduve dotopmimatisnsts tus
etoaritoo, Javilk apd shndghite, Mo vore coppicd syl on the
recidues Ko 2avik 144 go end Y oo oaaples uwolnn the
pEn0edures deseribed obove, and employiny he Limerdmoter o
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to messure ﬁhe guantities sf uranium separated, The felloving
recults were ebtained wieon the contributions from ‘blank' muns
had been subtrasted,

144 g, sample 0.25 £ 0,02 107 gn U/gm savik

201 o 0.3 t004 . ° o @
Tusse ogres with those cbtainsd both by the radon method (see
page 51 ) and direatly by the fluorimeter (0.2 ¥ 0,09 by J.C.
palton). |

The uranium enalysis of Ahnighito had. not given cuch con-
coxdant results. The first analyses of this metearite by bDoth
the raden methed and the fluorimestirie method vere rather hish

gaving . .
75 ga semple 3.3 £ 0.3 107 gu U/sm Ahnighito
ond 2.4 t 003 ? ®os a " o=~
spoetively

Houever, further motenrite padon mmé of this period were con-
taminated (sec mge 53} end this made the first Licure suspect.
Yinreover, the llusrimetric run was later found to have been
carried oub in contaminating conditions, Fresh sawples were
enalyscd by both mpthods, and gave the following resultss-
zadon Fun 119 gm ceaple 0.21 £ 0.08 1078 gn U/gm Annighite
Fluorimetrie run 0.96 £ 0,05 Ao @

Ko more of this meteorite was available and co detorminatios
oarried oub on residue solutions were speeially useful,
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Thesc determinations wore carricd out ond geve the following
results. | |
Abnichito 111 go sarole

{a) 1.1 %202 197% gm U/gm Ahnizhito

(v) 1,9 L 0,14 ¢ "

(e) 2.3 £ 0.4 o ¢

Mean 1.8 £ 0.10

(a) 0.63 ¥ 0,08 1078 gm v/gm Ahnighito
(b) 0.6% £ 0,06 2 a
me all the fizures available 4t scems that
(1) the uranfum content of Ahmighito is probably 0.00 )4
0,06, This agrees with the roliable flusrimetrie
ran (0.36 £ 0.95),
(1) the 11Y gn soople was conteminated with uranium bub
not with redium. |
(141) the 75 gm comple Wes conteminated Vith Fadium but Rot
7ith uranium.




Chaptor VIII

Detailed toocting of individual precedurcs had already been
rezained to oheck the whole schcms for the

rerformed and it
recovery of uraniun and thorium. %o ensure thergugh testing,
meteorite colutions with added uranium and thorium vere used.
The uraniun s finally estimeted by the fluorimeter. Normlly,
after precipitation of Ir{oH), ond its dissolving for storege,
8 perind -of ceveral weeks would have to e valited while ThY end
its doyghters grew suﬁ‘mj'.enuy to make anzlysis by Fb3 and
TaB-¢ counting worthwhile,. o avoid this delay an aliguot of
the freshly precipitated 8r{oH), was prepared as o source and
the of porticles due to ‘Th and :dTh counted. Tho risk here was
that cmanation from the source would contominate the BRosplor.
With chort tests using such sources np increase is background
was found., If the phoophor had been conteminated with thoron
active doposit this would be practically completely decayed in

5 feu days. Using this counting mothod it was shown that the
siliga precipitate which comes doud on boiling the agueous layer
after gther-icl irop extraction, contains < 1,85 of the thovium
available, 7his counting method could, of cource, Be used in-
steed of obtodning o repotitive ThR~ThC source by medifyime the
procedure , but the variables in source-preparation would be
averaged out in ths repetitive method. |
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on perferming complote tecte of the seheme, recovery
efficiencises for uranium of only (50 - 73)# were obtained while
the thorium recoverics wore precticolly 1097, The weak link
in the mothod was found to be the NaoH-ay0p reaction which i3
the reaction ceffocting the separation of uromiun and thorium,
The conditions imposed vere the same as those which hed given
completc escparation in the cerly tests (see page lo']). EXoess
195 HooH had been adGed followed by 2-300 mmms NegOz. The
Ezﬁxmre had beon warmcd only long cnough to reduce the effer-
veseenee to & level allowing suceessful centrifuging of the
pPecipitate, '

Tests were then pde using the technigque reeormended by
vogel (47), he sireonium hyarowide precipitate wes dissolved
in the minimua quantity of cone. HOl and the selution was
poured ints an equal volume of '20 volume' H30, rendered
stroagly alkaline with 108 ¥anH solutien. The pixture wa
boiled for j minuteo, and precipitate centrifuged, Using UX ¢
for thorius the following recovery percentages were £§unﬁ from
such precipitatess ’ ] ]

(a) 98.5 £ 18 (b) f01,0 ¥ 0,87
The uranium in such preocipitates was found to bo .
(3} 8.,0F (b) 7.5¢ of the uranium available,

Sinco 2 precipitetions were necded to clear the precipitate
of carried radium this procedure was aceeptable, Also B20p was
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an lmprovement on 333'202 from the point of view of lovering the
contribution due to Feagents. Noyes and Eray {43 page 413)
point out that boiling the peroxy-uranate solution with a hydro-
xide procipitete tends to destroy the perexy-uranate compleX.
Henee the inorense in the amoumt of uranium carried down in the
'S minute boiling' teehniqus might be expeeted.

sinoce veriations had been found with this hey reactioen,
it was decided to investigate it thoroughly. The cther-nitrio-
WHgNO4 cztreotion vhioh extraots the urenium in @ suitable form
after this reaetion takes s fairly long time to performe
Aeeopdingly, for the serics of testa envisaged o quicke®
termination to the preparation for the fluorimeter vas soughte
The sodium aluminate mother liquors were aoidified, boiled and
the 10 mgms. of eluminium preoipiteted by means of carboBate-fred
BRy gas. Thio prescipitate wes dissplved and reprocipitated and
redisgolved to free the sol_utian of sodium nitrate etc. Aliquots
containing f mEm AL could then be dried on the Pt. trays used
to propare.the HeF beads for the fluorimeter, w#hen the beads

prepared it was shown that Al et this level did mot inter—
fere with the fluoresoence d@l@v to the urenjum centeht of the
bead, Ms cut out the ether-nitrie cxtraction altegether for
many of the teste. nnly vhem & trace of iren was present in the
final aluminium solution and aisaaleumdqu NeF beads was the

e¢ther extraction method brought into use.,
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In all the tests %o e doseribed an alkaline peronide re-
agent wns used. This reagent was o mixture of equal Volumes of
120 volume' Hybp and 207 WaOH solution. Into 40 mls of this
minture was poured 10 mlo of HC1 solution cantaining 7 rgm
zirconium, 10 mgm aluminium, ond known amounts of uramium end
thorium, The resulting mixture was boiled for j minutes and the
precipitate centrifuged off, The alkaline mother lijuor was
aoidificd and bolled end rendercdé alksalime with NES.B gas. The
aluzinjun after o further precipitation was incorporated imte .
HaF becds, and their uranium contont assayed by the flusrimeter.
Concistent reesveries of approzimmately 197 of the aveilable
uranjum wore obtaimed. [Further similar tcsts were performed
execpt that the wa@abiw wag caprried out in the cold, and the
mixture allowed to stand overnight until the greeipitate could
be centrifuged., Hore ogain copaistently low extraction
efficicncies of &ppmxﬁmtéw 104 of the avoilable uranium were
sbtained.

sinec 1t seemed that mach testing would b mecded o 'master
solution' conteining: 2ll the required clements vas propared.
Aliquots of this onuld thom be added to wrying amounts of the
- alkaline peroxide resgenite A 100 ml sslutdon weo propared
eohtaining T&fg T G?/ag U, a 10 go moteerite colution
vith magt of %,!.m iron removed Ly ether cziractisn 230 mgm 2r,
and 250 mEm Al.
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It was found that whether or mot the reaction was eorrled
out in e cold, of just et the Loil, o boilcd for 5 minutes
the pecovery efficicncy was 10-207 for the ratis of master
oolution ; a2lkalino pcroiide roagent of 1 3 4. vhom this retio
wag changed to 1 ¢ 6 rocovery cfficiencies of J0-20; were
achioved. Yet vhen simplificd tests werc performed using this
ratdo of /6 but with enly &r, Al, U, and Ta prescnt (i.e. not
ucing tho mater solution) lov efficiencies wome obtained, Thus
for tac 5 minute boil technique the efficlencies were appronie-
mately 30%. Iecreasing thc volume of alimline peroxide to mmke
the ratde ¢ 3 10 mode mo Gifference to these resultis.

Fresh tests wore bggun aging a selutionngnhaning a2 few
grems of dissolved wetsorite to whioh wes added U + Th and Zr
and Ale The full procodure was teosted as outlined, oo boil&hg*,
the agqueous leyers fron the other-iCl extractions, silica
precipitates came down. These méra analysed for urenium and
thoriun cad gave the folloving figurcs: ]

U (a)<0.1g ™ (a) 1.0%
(v) < 0.98 (e} 0.9¢%
‘men the clknline peroiide reactich was reeched lhe 5 minute
boil tectnique was followed, with the Fatlo of acid solution to

wlimline peroxide reagent of 1 : 6. The allmli wother liguors
vere cnalysed as before and geve

() 85227 (b) 8 & 57
reeoveries of the uraniun available,




0n reverting to simpler tests with mo meteorite solutien
pregent, poor rocoverics were again obtained (agpronimately 30%).
A gseries of thesc simple tests was performed with iron added,
Thue en seid solution contsining U and Th, 7 mgm Zrm 10 mgm Al,
and 4.5 oga Fo as FeGly, mo added te oix times its Volum of
alkaline peroxide reegent. The teohnigue of boilins for
9 minutes was used and the recoveries were 91 I 87, 83 T 77,
and €3 ¥ 5%, In all previous tests where approximtely 807 or
RIS Eéeevery of urenium had been achieved it was noted that |
iren hod always beed present, In the earlier testing of the
procedure (see poge Joi) UXg was used and the UXq had been pro-
pored on iren as a odFrier. Whenever simplified tests werec per-
foraed which contained mo iron very low efficieneies resulted,
nn the other hand, warking throuzh the whole schieme of analysis
but using woteorite soluticns and hence with some iron passing
‘through, such higher efficiencles were obtained. Hovever, the
dat2 obtained using the master oolutien which contained irven
show low effieiecncy if the sotis of acid selution % alkaline
peroxide reogent ic greater than 136, observing thds latter
condition 2 duplicated tost was perforued with iron cbsent,
sirconiunm procent, and the 5 min., boiling te&hn&que. Roooveries
of

() 262685 (v) 322%7%
wers found., This t@st.w&s ropeated execpt what iron was sub-
stituted for sireconium. Thce Fccoveries wore

(a8) 81 & 5% and (b) 707
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Tue wvorisblec (i) concentration of alkaline peroxide
reogent, 2nd {41) presence of Fe, having keen found it scemed
from the figures that somctiinz eclse was still wreng. The last
stop before the flusrimetrio detorminetion was tested. Fads 48
the sweoping out of thc uraniun from apprazimaﬁely 200 mls of |
seidificd mother liguor end washings by 10 mgm Al as Al(oﬁ)a.

It was found to be only 70-50 efficlent. This cleared up the
Problom sinoe with inereasod amounts of Al cerricr or h& ro=
vertinm to sthor-extraction of the mn%her'liquax aeidified with
nitrie coid full recoveries vere obtained.

gomplete tests were carried out using (1) iroe as the
thoriim carrier instead of sirconium, (ii) acid to alkaline
pororide réagenﬁ ratis of 136, and (414) the mother liquer
aeidified with nitric coid and ether extraoted.

e thorium recoveries as always in the tosis were near
1830, ‘
(&) 96227 (») 98%3g
The uraniun recoveries Jere ,

() 96 X385 (v} 00 £3g

If the necessary oen@iﬁﬁaﬂs outlined above aprs imposed
the recotion is capsble of complete separation end recovery of
uraniua end therium.

Ho qiffcronee was found betueen the 9 winute boll technigue
whick gave the above {igures, the techniaue wicre the mixture




wag just brought to the beil, cnd the carrying-out of the
reaction in the celd, bul one of the hot (colmigues ic beticr
cince cmough HpQ2 is docomposed %o ollow suceessiul centrifuging
of the precipitate. ELarlicr (sec pege 128) 2 loss of urenium

L) tﬁe' precipitate was'plauaime from the ot that o PrOXy-
urenate selution had been boiled with a hydrordde preeipitate,
Since both iron and zirconiun were prosent thcm it is probably
mpre complox then this. The absve data show hat with sircenium
alone the loss of uranium to the preoipitate Lo ashsidoradle,
whopcae 7Ath iven alome that 1oss is megligible. It wos ales
derpnctrated that with irvon alone i;’a loss of uromium to the pre-
sipitate could be found by using e teehnique involving veiling
the colution. Vhen sirconium nlone is used it is found that
aftcr o fow minutes hortimg the Lirst formesd preeipitate of
zirconium hydronide secns to disappoar osmpletely. (it is
i£ficult to be sure of this, cince the liguid ceethes with
bubbles of oxygen gas provided by the decomposing Ha0:). How=
cver, the solution vhich is almpst olear, clouds anéd s whitish
grapulor precipitate is throum out. This is bolieved to be a .
poroxride of ziresaium but its comstitution docs not secem to be
Inowm, '

' Then imn alopne is uoned By Such ehanges socur and the redg-
broun perticulote precipitate remaims the samc throuzhout. It
gecrrs likely that these faocts owxe linked up with thc properties

of both clomeonts with soopoet to o peroXy=uranode couplex.
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It mizht bo expected that the precipitste whioh disoolves and
preoipitatos agoin as & "perowide” (zircenium) Would interfere
with tho sodium peroxy~urenate solution, vhorcas the stmight-
forverd hydronide precipitete (iren), apart from prelenged
Boilinz, vould not 39 interfere,

However, complote cheocking had becn performcd and there
uad Ao doubb that the seheme, after suitable modification,
wovked. ginec the drawing-up of the seheme on page 102,
several modifications had been introduced,
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Vadific
, £ teorite JDiss. , Pass Cl; Evaporate
Semple of iron meteo ‘ morbo'mmﬁmg wdmeea
_ diss.
gdlis in
smf 4 ‘ 0.5 N HC1
m%e to Agueous layer ——Ether cxtract 3 times
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GOq“ el + OR
free NH} 3 3 4
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3 * Whaliaty HGL make
E’@@jﬂ 002 N
|oad R0y HC1
Ether extraot Add Pb and Ba

Stere known time
U for counting source
sr flusrimeter Hay8

Repetitive FH3
souce of Thd =
ThC.
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It cam be ceen that the medifieationa are (1) introduction of
an suidation stape for ferroun iren present, (1i) the de-
pooitdon of 510, whiech hzs beom preved not to interfere, (1i1)
repeatcd precipitations by eprbonate-free NEy end by HeoR-Hz02
to crourc that no radiun reaghes the thorium extract., These
are shown by double arrows. (4v) iron used instead of
sirgoniug as carrier for thnrium, It is casicr o cutract for
eonplete removel of 4ron by ether and them to odd a kmown

(20 zgm) awount than to arrange to leave wehind such an amount

£or use a8 carrier.

tion in

Hote on the fo
“ D3

dlure 5 repl

|
g

Tho incomvenience of the other-nitric tcchnigue is that
évngaratian of the ether loyers containing nitric ccid often
recults in e violent reaction taking place. (omnseguently either
m&teridl is lost or much tise has o be . .syent in cupervising

the ovapsration of ethor aad final boiling Gown of the rosulting
aqiesus salutian.%.glﬁe&naﬁive progcedures were tosted., The
@ircet use of the Al(@ﬁ)g préeigibatg vhieh carries the uraniuml
to malo Nof beods is doseribed above, Howsver, in the TUork
degeribed in the absve section mat.enaﬁﬁa ﬁl{@ﬂ)3 was used,
vhen the amount of carrder was imcrcased the procedure was
successful for tests.

Hovever, when decling with meteorite solutioms using this
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precofare it 4s very difficult Un obtain 2 presipitale of
Al{%’l}a completely £rec of olements which inmterferc with the
filuvsreccsnce of the NaoF/U bead, A further idea wos tested.

Thic w23 to extraad the Al(amj procipitate caprying the
uraniun vith concentroted ermanium carbonate solutien when 1%
might be cupeeted that uraniun would pass ints solution as the
complen carbonate ()4 [‘&302(003)3] +Tis was found to be sy
if 4 1 azconlum earbonote Was used to cnbraet 20 mm of AI(OH) 4.
21y 0.2 T 9,17 of the aveiloble uranium stoyed behind on ths
M(@ﬂ)3 precipitate, Approsimately 1/3 of the Al was also

found in the smmoniun carbonate colutisn, This was not oritical
amce. A3 can be wagm'mﬁseﬁ i,mo Ba? veods on this seaq.é |
Tithout IWterfering, tut colourcd fems (™, (0™, eto,) were
else passing into the cmmoniun carbonatc liquor. The Naf

beads from such an extroct were colourcd and a.é:;? y-aF
flusrescence was inhibited. The cther/nitric emtraction is a
proved vorpior o such intorfercmess and the mothiod had to be
rosumed.




~ As adresdy explaineé,_ the censitivity of o method and
the accuracy with which a given recult ean be stated depend on
the contribution fpem the roagents. Accordingly the reagemts
vore purified of uranium and thorium where pecessary. Furifi-
catien generally proved possible., The exceptien was conc. HOl
wnieh eould mot be purified. The urapium content 1s reasonsbly
1sw but the therium contont cannod Be regarded a3 satisfactory.
It would not be expected that ethier, or ether equilibrated with
conc. HOl, would contributo aay measurablo amum.lef urenium or
thoriur to & rup. This was found to be the oase when blank runs
were performed with or without this step.

It was intended to usc lanthanum in the purification of
some FeRyonts so this had to e purified first. A solution of
lonthesus aitrate was othor cxtracted 10 times and the tonth
- entract loft & solutisn whieh contained 1,19~ gn ¥ per 10 ngns ‘
Ia. zirconium solutions werc purified ond althoush Rot £Anally
uced the data en them is included. Purification smthods speoific
to eceh reogent vere used Lut before these are described, tue
goneral =0 thods and their results are given, (a) tho Bagng mothoed
and (b) tho Batoy method.
(a) e BaSn, iethsd .
The first of these was the shaking of reogents with RaS04«
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This has already been deseribed for the purification of reagents
from rodium icotopes (pase 45 ). Uhlle the method cannot be
csipoeted to oxtract any uranium from & solution it mmight be ex-
pected to cxtraot some thorium. (sce page [LO), Tests of the
mothod were performed on Hz0, conc. HCl, 3r{N0g), solution,
A1{l03)3 solution, and Ba(H03)z solution, To 10 mis of each
of these a known ompunt of UX¢ solution was edded, and 2 'gms
of Baso,. These camples werc shaken by the chaking machine for
inotn times end § ml. 2licuets of the mother liguora (after
sedtling) were dricd and P =gounted, In all the solutions
testod, 54 hours of shoking reduced tho cemceniration of UKy by
L 15 A further 64 hours chahing mado ns Parther differcnge.
(b) Zno Bacoq tetiod : |

in ifme. Jeliot~Curie's textbook (45 pege 62) it is stated
that if colid BaG0g is mizcd with o thorium sclution vaere all
the corics 48 ot equilibriua, all the members arc carricd down
oxoept UsThze. The value of this for the purification of rosgents
vos tested. mm UX4q voo-uset as an indicator Ior thorium.
BG0q o pregared ond tashod with approxdestely 190 1itres of
dictillcd [Hx0. Thic was to casurc that asy cffeets noted would '
o due simply to SaCns and nNot Lo adsorbed Ba' oF carbonate lona
inlt solutdens were adjusted to “Just acid” conditions with ch;
Forty mls of ench af foll:wer€aklai= 10, Zr resgent, Al reagent,
and po peagont. A nown emount of UX¢ solution was oddéed to

sach, A slurry of ¢ gm of BaCt3 wag then added to each, and
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tho vosscls corked., The vesssls uere thonm upturacd o cdx the
Bagng Uith the solutions aad then set doum to allow the BeGny
to sc&&le. Tae settling took plaoe within several mioutes and
aliguots of the mother ligquers werc taken.

ihe recults are sob oul Lelow.

et omfiel YRl {B f(ee teoo)
shaling Shalting
{30 tlo Bagoq 380 L & 389 £ 10. 100 £ -
Ha0 +BaCoy 33316 18t 1 0.9 ﬁ@,@ -
M +Dmagny 443 %7 18t 1 09%03 <10
Ba +BaGDg 43 %7 10t 1. <0.3 <1.,0
z¢ +Batdy 370 *7 HEt 1+ <10 < 1.9

L -

Geiger background = 14,7 7 0.1 opm.

®) In all solutions cxeept Zr the iron odded with the UXKg
solution camc down with the Ba6n3 renderinz it buff coloured.

#ith the zZr test as an indieation that the Peduetion in
Uﬁ, s Bot due W preeipitated iron, date <ore obtained
uging & UKy soluiien of wnich carrier iron h2d been removed by
ether<iGl ex%rao$iono i

It is obvious thot the Ea003 m@?heﬁ vhich ia simple and
quickly periormed ¢2am be very useful, However, limitations
shoved up in the tests for the above table, Tas BaC0y addition
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w3 f@tm«é} to have preeipitated all the Al present in thot
solution. The zireonium solution was still as before bub the
paptdculor conditions obtained could mot be repcated and future
zﬁ.rmaimf&am3 tests and iron/Bagng tests always rosulted in
eomplete procipitation of the Group III element,

Treadwell (48) deseribes a method of preoipitating Fe, Or
and Al 25 the hydrexideos ond U as Baii.mg(c@g)g] » 28ins B

clurry of BaCog 28 the preeipitating agent. Stieslite (49) .
deecribaa a separation of the Al and 2n groups by means of 38003,

Beering in mind the limitations of the Bago; method in mot
being able teo purdly Group III metal solutions, taosts of the
methad's abilit.y to seavense a solutﬂ.oa of uranium wege cmiaé
out., The same procedure ac in tzhe U4 tests alpeady deegrﬁbed
wags adopted, oxcept that known emunts of U were pregent, After
simgple admimture with Ea&% and settling, thc m@%&mr liguors of
Hz0 ond Ba reagent samples were found to contain 0.17 of the U
dnitially present,

Tosts wore extended to include 20 volume H0, ond 20% HNaoH.
UX¢ toots showed thot with both of these reagents {17 of any
thorium pregent was left behingd after a simple admisture with

Bagdye
Uranium tests with these two reageats shovwed that simple
e reduced the uranium vencentration in 20 velume
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HaOp to L) but that 207 HadH hadé to be shaken witir 3a0ng to
achicve the dosized rcGuotion. Shaking for 2 minutes left 674
of tho urcnium bohind, 16 uours on the shaking ceohine left 147
behind end 44 hours on the sholding wachine left 5.9 L 0.47 of
the uranium behind, This pemntﬂage reduotdon of the natural |
uroniun content of A.R. HaoH was later proved adequate. ‘

Although 20 volume Hplp could be easily purified the
natural weanium content of the A.R. reegent was low enough to
need no reduction.

Reageats whdeh still meeded purification techniguos were
3r and Al solutiens. 3o solutden is easily purified citier 122
the BoCoy method of by carbonate~free-iiy precipltstion of
BI{0H) 4 both of vwhich mothods umantitatively romasve urenium and
thosiun,
Zirconiun ieonent

Teeating he zirconium selutien vVith oxooss HesH and Nazd,
vndeor various conditdsns of temporature and corcentratisn mde
no dirferenoe to the ureniul content of the roagent. {gee
ohapter VIIZ)., Urenyl ferreoyanide is insoluble in scetioc gl -
chd &2 ettompt wos made to remove urarium from o slightly ccetic
acid solution of sirconium acetate by preoipitating lonthamum
ferrooyenids from the solution. ihis reculted in a 407 reduction
of tho uranium preseht in the reagent.,

Tho sirgoniunm reagent whioh hed ast been preeipitated en




shaking with BeCo, (see pege o) contained 23 x 0 C gn U

per cem of zirconium which figure was also obtained for the
original aireonium nitrate. Uramdup~frse ziroonium reagent was
pregared by ether extraction of e solution ef zircemium nitrate,:
Pour grams of zirconium os nitrate werc disselved ond cones

WG} ang W? added, Tnic solution Uas other cutracted sevem
timec, the seventh extzoct being analysed for uranium. Tne

28 celution was found to contain {0.02 ,107° g U/men Br.

The %7 content had been reduced alse because approximmtely .
85 2¢ posses inte the ether layer durismg suoh an extraction {26).

For the removal of thorium the Lollowing wwothods were
tosted. “horiun ozalate docs mob dissolve inm ecxeeos emmonium
oxclate unless the solution is boiled, and is insoluble in
dilute sedds, Cerium oxnlate behaves similarly. Zircenium
oxalatc on the othor hand discolves in execss ammaiun onalate,
Tt the right conditiens vere @ifficult to achdcve to cnable
eoniun oxalate to precipitate without sirconium esd with any
thariun present. '

It is to be ezpected that thowrium will be carrisd out of
solution by & precipitate of lanthanum ferrocyanide. However,
the more relioble precigpitate of lanthanum fluoride was used:
Thorium Tluoride is extremoly inscluble whereas sirconium
* fluoride is soluble. There seemed little doubt that the 1aFy




carrier from slightly coid snlution viould eamy out any thorium,
vut the zirconium reagend would hsve to bec elooned of any
fluoride ion prosent sines this'iaﬁerfefes with the ether nitrio
extraction of uremium which follews the uee of zirconium es a
sarrier. This was done by adding lenthanum oolutdan o the
.ﬂiraaniwg reagent after m@iﬁca%ioa when LaFj eetueé out on
standing. This left the zirconium reagent with o slight
lonthomm content bab o mezlicible B' content. Tnorium (44! 1g
extracted by ether from & pitric oodd aalutinn, but to a lesser
estent Wen uranium., Some zirconium nitrate was ether extracted
in this wey 7 times whioh considerably reduced the thorium
content. It can be sces from the thorium results of the re-
agente that the sirconium reagent gurified by LaPg is muoh the
botter reagent,
Aluainiun Reagent

Uraniun vas remyved by emer-'-iﬁ@?. ¢Xtraction and thorium
by Larfq precipitatien. |
Urondun level of Reacente

In m@.mlyéia of Hﬁl;andjéama solutions knowm volumes
were concentrated .zmeﬁ aliguots of the concentrate dried on the X
sTBll Pt trays used to prepare the NaF beade for the flusrimeter,
Por the PaCl, reagent and the 207 lianH solutisn (after
aoidifioation) an extract of the ureniun vas obinined on Altea)3
uRing cagbonale~free NHB. Thais precimtate contained no
elomenis a8 fopurities which could intorfere with flusrescence



mracurements and se couldd be imcorporated digeotly into
fluorigster veads on lhe 1 wgm seale, 5 this baals the
- sluminium reagent was the simplest to analyse.

The pesulte for cll the reagents are given in the table
below except conc. N0y, ammoniun nitrate, dictillcd HZ0, and
ether whieh were kmown to give noglizible contributlons to &

uganium mun,

eagent 1078 g U found Aldquot
ieagen | g Liguo
41614 (10 mgm/ml) purified <10 10 pms
8a0l (20 wgm/ml) purified 0.7 L 0.9 10 sgos
2F10g), 10 mgn/ml purified | <0.2 10 zgme

AR 20 vol. HpOz unpurified  0.16 t 0,17 20 mls
20% BeoH solution |

( sheken Bagn4)  <0.2 20 sls
Crude comc, HCl 0.48 £ 0,16 500 mis
Diotdlled HCL 0,30 ¥ 0.10 500 mls

The substdtution of iron for sirconium &3 the carrier
for thorium oroates mo reagont purification Gifficultios. |
A supply of Th and U-free FeCl, was available from the ether/HCL
iron cxtracuions of meteorites. It has zlready been shown that
neither U nod Th pass into the ether layer. A E’e&la resgent



prepared in this way wes found to malte a 6izligidle contributien
to eithor the uranium or Viorium value of the blank,
Thorium level of Reogents |

It vas ascumed that the uholc thorium series after RATh
vas in radiocetive equilibrium in a reagent. After suitable
preparation of a sample of the reagent, e.g. coficentration of a
bulk of distilled water or scidification of a sample of 207 NaoH,
ThB was earrled out of soluticn amd & ThB-C souree prepared and
emm%ed; The results for all the reagents ezcopt conc. HEl are
given in the table below. The HyS procedure ucing 2 mgnm of Pb
25 lead scctate gave a nogligiblo coptributisn. The lead acetate
was obtained from Brady and &&rm,

Reagent 1078 g Th found  Aliquot
: Taken
AlCly (10 mgm/ml) purified 0.7 I 0.15 10 zgm
BaCl, (20 mgm/ml) purified < 0.4 10 rem
#zGl, (10 men/ml) purified . |
¢ LaPy <0.9 10 ugn

K
-t
-
o

A N~ 10 ml
zr(, 03)6 %20}1‘@403 9.7

Hz0 dist. 3% = Ldtre
Hp0 dist, (shaken Bagoq) 14 T 3 Litre
AR 20 vol. BXp{unpurificd) 1.0 % 0.6 10 mls
205 NeoH solutien (shaken :

B&%j 9.0 t ’06 0 mls
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_Coneentrated hydrochloric acid vas found to bc 2 speoial
cas80, 1t Was tho only reegent with & large thorium centribution
from the qﬁan&itiqs used in » meteorite run and efforts were
made to purdfy it, All figures given for HUl analyses are
unite of 1078 g T per litrs of HEl.

Four litre of Towers' eoms. HCl (10 ﬁ) were cvaporated
dowm s & few mle, This residue contained FeCly. It wag made
up to o suiteble volume to adjust the HCl normlity te 0.2 M,
2 xzms Pb were added and HpS gas passed through the solutdon,
vhe figuro obtained ofter counting the ThB-ThG source was
90 & 20, A ropeat of this analysis gaver- 156 % 20,

A furthar &halyais uas made gimilar to thé above, but
Al{ﬂﬁ)s wog uged to earry out the Th ahdA?hB os hydroxides.
This gave the followinz figure:s—~ 89 ¥ 25,
7he mean of these three results is:= 110 % 14,

An attewpt 8t purifying HCl by distillation of the azg0-
tropice mimture (207 HCl) was begué, The distdilisation was carrig
out as slowly as possible and ?he distillatc was led direotly
into polythene reagent bottles, when enough h2d been distilled
it wes psured int? & 5 litre beaker evaporated dowmn and the

thoriun estimated, From two such runs the followlng results
were obtaineds=
(&) 114 2 (b)) 160 % 30
ean: 137 = 25




3ince distillation had pipved disappointing, preparation
o oone. HCL by meano of LGl gas was tried. Yhe mothnd used
Vs %o fi% e dropping Tunncl cnd & gas eullet lcad tharough &
stogyer for the vUinchester in which the acid is suﬁﬁliéd.
Conocnbrated H,80, could then be added to the Uincacster drop-
wige and the HEl gas produced led through an inverted funnel
into purified distilled water in a 5 litre besker,

It is knowmthat BaSo, procipitated through as FCl-acid
mediun carries down 487 of any thorium present. Tais ‘cannot be
appiicd cireetly to the gufifyigg‘of concentrated KRGl beoause y 
804" camnot be tolerated Ly the procedure using the coneo Hdl.
However, several'gfams of BaCly vere @dﬂed'%s the Uinchoster
producing KHC1l gas. Then waen cone. H38504 was addod dropwise,
Bagn, wos fovmed locally where HOl gas was being cvelved and
| would be expeeted to chEry dow come thorium. Two litres of
0 X HCL wore produced by thic method ond cemtaimcu:~ 168 L 20
per litre.

Vafia%ioné of thc mewhod wore tried; A vinghester £illed
withh eotton §nol to act as 2 spray L¥ap wag inserted inte the
HGL gas.line. No defimite diffcrznee was found in the thorium
content. Finally a drilwld-cooled U-tube was inscrted in the
HCl gos stpeam (HEL Doiling point = -849¢,) to prevent any
mechondeal carry-over. Thie batoh of HCL contained 100 % 18

per litre, The water used to disselve the HCl sas had been
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ed 14 £ 3 per litre,

previously agitated with BaGo4 and conta

D)

Disappointing results had algo been obtained froim attempls
to purify hydrochloric acid for the radon-thoren method. It

would seem from bthe figures obtsined that thorium is being
picked up from the glass ware used, pfebably &m.ng the boiling
dowmn of the 2¢id's bulk, This could be tested by varying the
suri‘e}ge area of glass in sontaet with the acid for different
runs. Howcver, to perform a meteorite run withsut having a bulk
of hot hydrechlorie acid in contaot with glass might prove |
airgioult. |

The BaC03 technique described in the purification methods
for resgents had proved so simple and efﬁo&éiqas that it ws
spplied to the purifieation of sodium fluoride. Thls is used
as the basio mrterial in fluorimetric analysis for uranium,
After freeing the sample from elements vhich would interfere
with the fluoreseence, oliguots are 'dra.e& in Pt dishes of 1 ml
capoeity. Then {1 gm NaP ic added and the dish heated until the
ReF fuses and forms & homogencous mixture with the uranium from
the sample., Ultraviolet light impinges on such & 'bead' and
the characteristic U-aP fluoreseenge produced, is measured
and compared with standard ‘beads',

" 1% has already been explained that a low baekground count




- 150 =

is desireble in the assay of small amounts of activity. In an
exactly analegous manner the asmpunt of fluorescense csused by |
the aF itself has to be as low as posaible, The problem of
purdfying NaP of its uranium content is important Lrom thds and
the cesmomic point of view sincs good quality HaP has to be
iaparted fxom the U.S.A.

It wag proposed to purify NaF of its uranium by shaking a

Kol solution with BaCoy, The rolevant selubilities are

HaP 4,22 gms/$00 ml at 200 G,

BaFp 0.17 " ° " 109 g,
3agny 0.002 % * ¢ 200 ¢, i
Thece figures show that ths method is chemically feagible. WaF
wes shnken with ceveral grame of BaC03, for several minutes,
After setiling, the cléer liguid was removed ts a Pt dish end
dried. The NaF obiaiped was finely ground in o mortar and a
series of beads made mnd their fluorcscence eotimated., The NaF
used (Hopline and ¥illiams) normally gave & reading of 1300
vaits por bead. (The readings of the fluorimeter are oxpressed
of & volte scale). The average bead of the NaF which hod been
shalien with BaChy was 11.8 volts,& 13 of the original reading.

This reduction was useful, but the purified WaF was found
to have only approximately 607 of the noreal sensitivity tovards
uranium the reasen for vhich waa not found. As well os this it




vas found that other manufacturers' NaF was not improved by the
BaChy technique to the same extent. Thus a batoh of BBH RaF
gave an average ‘besd' of 15 wolts, This wos reduced to $ volts
by Begnq treatment and ogain uranium standerd beeds were recuced
to 60=70% of their normal welue, The best NoF, produced by
Merek, usually gave ap average Lead of 4-) volts and gave the
uraniun standards whieh were taken as noranl values,

1% wec shown that the small am'uét, of dissolved BoGog
{2 ngm/900 ml) was not the cause of the rocduoed sehsitivity by |
' aading ymparable amunts (and mere) of BaCo5 to stendard
uraniun beads, Vorying the state of fimeness of the NaF
obtained after the procedure mede no difference. After shaking
several times with BaCoy the Na? 'blapk’ value obtained after
thé first sholdng wae always obtained.

This recidual value wos not changed by preoipitoting NaP
from its aqueous solution by ethyl aloohol whieh.mald ve
expected to digsolve cny uranyl fluoride present, The B2604
| motRed of purifying NoF shovs come improvesent but brings in &
loss of sensitivity. If the method proved usceful a colum of
Bacoj could o employed, wm@x woulé be more comvenient. A
solumm of Balo4 eould probabdly be quite useful Lor uranium
separation work in general,




wen the prosedures had boen proved reliockle & meteorite
analysis using them was begun. San Martin vzs chosen beocause,
clthough an iron metcorite, it was lnown to possess the high
thorium content of 81078 g T per gm of meteorits (2),

Ztoa gms of Sand ﬁam were a%t_«aeiwd with osnc, HCl. %he
residuc wos treated with como. Hi03. The HC1 solutisn wos
coutisusly treated with HNO5 until there was no possibility of
a vinlent reaction and them the o solutions from the tuo
attacks were eombined :md the mixture ves boiled ensuring that
ne ferrous ires wao present. It had been theuzht that the use
of mitric acid for this task (Fe**—>Fe™") might endangor the |
umﬁ.ﬁa present vhen the moxt éiep - other-HCl cutraction -
was performed. g*cmgme gas8 had previously been uscd as the
oxidising agent). | Hoviever, test-runs shoved thot urcmiunm
completoly romained in the aqueous phese. Tho meteorite salumd
now mmﬂing Ao ferroug iron was evaporated te drymess and
- tho residue aisselved in 6.5 N HCl. After 4 omtrootions with
equilibrated ether tho agucous phase, showinz the typdcal green
eolour Guo to nicksl was bailed to reduce its bulk, Tas aligusts
of the carrier elewent solutions were then addeds 10 mgm Fe,"

20 mgm Al, and 20 mgm Ba. Amwonia gas prepared from amnonia
liguor containing KOH, was passed into the colution until it
smelled strongly of the gas. The heat of noutralisation was




suffiofent to ralse the temperature of the colution close to

the boiling point, and the solution wns kept hot for 10 - 15
mnutes. The wmixed hydroxide precipitate cosgulated in the .
mother liquor uhich Was decp blue due to the proschoe of opPeTs
After centrifuging off the preeipitate it wes dissolved in HC1
and the solution beiled. A4 precipitate of 3iop came down here,
It ves eentrifuged off, washed and discarded.

forc bariun carrier solution was added (20 mpn Ba) end the

precipitatinn by ecmonis repeated. The precipitate after een&ﬂ-‘
fuging, vashing ete., Was discolved in HCL end morc barium
oarrier solution was added (20 mgm Ba), This aeid solutien of

10 mls bulk was added to & mixture of 30 mls 207 Meod and
30 mls 20 voluss H202. The mixture was then-brouzht just to the
boil when the precipitate could be éentm%“e&; The mother
liguor was kept. The precipitate was dissolved in HEl, oliguots
of barium aolutimi, and alwmm solution (20 mgm Al) were
added and the alkeline/peroxide reaction repeated with another
60 pls of slkaline/peroxide mizture. The mpthop liguor wos
coubined with e previous eme amd the resulting sslution acidi-
fied with cone, HN05, saturated with NHgI03 and ether extracted
four times. The ether cxtracts were combdined and water added,

The ether was evaporated and on aqueous extract obtained 1_'?6!.'0
which o seriss of NaF beads vere mede foP the fluorimeter, The
uraniusa figure obtained by J.C. Dalton in this way was

0475 £ 0.04 . 1078 g y/gm san rartan
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after the urapiun contributed by the reagents had been cetimated
(o ‘Blank’ run) end cubtracted. The uramiun figure published
by Arrol Jacobi and Pasoth (2) was 0.,6,1078 g0 G/sm Son Martin,

Meanuhile the final Fe(oa)B preecipitate was dissolved An
tie minjmun amount of HCl angé ts!ze’ solution cvaporated almsst to
drymeess Tho FoClg was thon dissolved in 25 mls of Q.2 N HEL '
aBd the solution stored to allow ThX and ThB to grew. AN
aliguot of barium solutien was added (20 mgm Ba) together with
en aliquot of lead solutisn (2 mgm Fb). Aftor 18 days 2 hours
whieh 13 4,98 half lives of T™X Fb3 extreotisn wos begube ThX
mas prosent as 96.87 of the equilibrium amount and Th3 oould
bo taken as being at the same value of the equilibriun acount.
A28 was pacoed for 4 minutes, ond the black precipitate wae
aepémwa by centrifuging the solution for 4 minutes. The
mothe? licuor was preserved. The precipitate was dissolved in
a 1ittle HE1l, transferred to e counting dise, end the ThB-C
seurce counted for 16 hours on the seintillation counters

' GCount obtained 10,3 £ 0.8 oph
Baelground 1.3 2 0.1 oph
Count Gue to run _9.0 £ 0.8 gph

The mother liquor whioh had been proserved vwas boiled untu
iree of HaS and tho acid normelity agaidn adjusted to 0.2 N HOl.
Aliquots of lezd and bariun sslutions were added and 3 days after
the previous extractisn Fb3 wae again precipitated through the
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solution. The source prepared was oounted for 15 hours.
Count obtained 8.8 £ 0,8 oph
Baokground $e4 £ 0.1 cph,
7.4£0.:8 oph

The time needed for a series of 6 or more TS-C sources
'ms Dot aveilable, Uith San iartin the amount of t.!mﬁum present
cpsurcs o fairly smell counting error in the determination, and
the ineresse in aceuracy dus to such a serics was not so
necessary in this case. 9he mean count foP tho tup sources 1s
8.2 £ 0.8 oph,

Gorrected for ThX growth this 4s 8.45 £ 0.8 oph. A blank
run wes performed of the reagentsused in the amalycis of the
meteorite, but double the quantities were used to lessen the
ermr of tho determination. Two successive ThB~C sources gave
& mean ocount of Ge4 I 0.6 oph for 16 hour counts.,

Background oount was 1,3 I 0.1 oph
Count due to ‘Blank' 4.1 > 0.6 oph '

There is mp ThX growth correotinn o.2pply to this figure,

Gount Gue to 21.2 gm San lfartin + Blank 8,45 ¥ 0.8 oph

Count Gue to single Blenk 2,05 % 0.3 gph
Count due to 21,2 gm San [artin 6,40 £ 0.85 cph

Eaown strengthv thorium solutions with the series in
equilibrium weye Pb3 ortraeted m.me normal way. The mean
ealibration figure obtained ves 2,9 % 0.1 epl per migrogrem
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of morimn. Henge Tho eomem =

840 £ 0.85 » 199 .107% gn Th/gm San tfartin,
209@ 2 0.10 ‘2102 ) .

= 10,4 t 4.4 .10™% gn Th/gn San Martin,
The corresponding figure published by Arrol Jacobi and
Pancth (2) was 8 x 10°C gm Th/gm San Martin,




Chapter XI  Discussion

; )
Previous workers (Arrol Jacobi and peneth) { have

reported the helium content of some fifty iron meteorites eamd
nave mde meesurements of the urenium and thorium contents of '
gixn of them. If one acoepts the average uraniun and thorium
eontent of these six as representative of iron meteoritss in
general, it is possible o e@.leulahe ages for all t.bese
metoorites of which the helium cantent is knewn. In this way
ages roaging from abéut 1 x 109 o 1% 10% years vere found,
Tvo points implieit in this o prunent may be guestioneds (1)
the ascumption that uraniun and thorium contents of iron
meteorites are constent and (44) the essumption that all the
helium 1s of radiosenie origin. |
{3)

The assumption of an average figure fer the uranium and
thorium contents of meteorites by Arrol Jacobi and Pameth was,
of course, nothing but a roasonzble expedient, simce cirocum—
ataness grevemed a mgre adequate survey of the mpterials at
the time, The present vWork was dircoted towards oblaining more
reliable analytical defa. on é. vider range of motoorites, ard,
in particular, tovards obtaining dota on a fow metecorites which
are crueinal to eny theory conceming thedrorigin. Inmitially
the mothed involving the counting of A particles frem radon
or tharon and their deushter preducts was further ceveloped
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end ioproved. lbdern counting equipment was used end improve-
ments smde in the menipulation of thoron and radon ond in the
carrier procedures used to extract the parent activities, Use-
migmsuua were obtained in particular these for the meteorites
of which the heliun content had previously been chown te be very
low, (3ovik, shnighite, and Juenisnalusta). The osmall but
definite radioactivity conteat of these m&onws was Germpn-
stroted for the first time.

In addition to the meteeritic irons an examdnation was made
of & black chondrite, Beddgelert., The metal and stone phases |
of this meteorite were separated and analysed by the raden—
tharon mmod«' | |

‘mmugn modified, this method still suffors frem the dis—
agvantoge that it is impossible in prosctice to reduce bolew
lovel the "backzround” of matural of particle contaminatien in
an ionlsalion chamber. This irreducible bagkzround sets an
effcetdve lover limit to the qmuty of ureniun or thorium
which can be moasured, and hence im proctice to the eencentration
of these elsments in iron which can be handled., Efforis were,
therefore, made to utilise more modern technigues by whioh it
was hoped to lower the effective limit of cstimmtion of both
urcnium and thorium. The sointillation counter lowered the
effective limit of estimation of thorium to 1.1077 g, whereas
this 1imit hed been 4,107 ¢ for the thoren method. The

fluorimeter lovered the effeotive 1imit of estimmtion of
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EMMM%oméxw "Bz, vhereas thie limit had been 4.8 X 107° g
for the raden method. These were significant improvemonts but
analytical procedures were neede;ﬂ/ to ensble these instrumonts

to be useds Successful pmaedureé were dcveloped which
geparated uranium and thoriuan from the meteorile saxple and
from cach other, the ssparated uranium being cstimated using

the fluorimeter, After o suiteble period of time the daughter
activities Thp end ThC could be separated £rom the thorium con-
centrated from the meteorite sample, This method of measuring .
the o aotivity of THC With the sointillatisni counter makes it
posoible ‘to perform vepeated estimations of the thorium eantent
of & meteorite sample, so iwproving the acourscy of the result,

Tae reactied by whdch uremium and thorium are separated is
the ecuotio soda=hydrogcn pemm.ﬂe E‘@@%&&ﬂ on forrie wem
acting og the moﬁtm carrier which precipitates, cnd aluninium
a2 the uranm eam:-m uvhich remms in seolution. Then correct
conditisns arc sbserved this is a guentitative separgtion, Some
intoresting results were obtalned when zirconium Gas used as
tho carrier for thorium instesd ef Sfrem. In this case mich
ureniun was found §n the precipitate as well as the thorium.
it Vould seem thot this is conneoted with the formation of
zirconium peroxide whioi: might interfere with the complex .
peroxy-uranate othervise held in solution with the aluminium.

The radicchermical procedures were applied to solutions
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rcaining from the mdon-thoron anclysis of moteorites. Tests
had shown that the uranium initially present in the meteorite
samples was stdll present in thesc colutions and this element
wag separated using the rolevamt parts of the procedures, ifore
resulds were obtained to confirm the low urenium content of
savik, end useful figures on the uremium centent of Anndghito
were obtained. It might be argucd that, ames thsse residue
spludlens had been stored for & long time, six months or more,
thedr uranium content will have changed. Hovover, these
onlutions vere strongly acid (B:CL) and wers otored in pyrex, So
that 1¢ is not very pgnbable thnt urenium would be zemoved from
solution by the glass. 'ihe other altornative, dissolving of
uraniuam fom the ':g;lass by Qze a.eid soln_xu«on, seems unlikely
when the uranium content of orude cone. HCl supplicd 4n
vinohesters, 1o éqzisiderad (see pagelds).

the Teagents needed for o meteorite analyeis were success—
fully mﬁﬁed where neaeasw, enoept concentratod hydrochloric
acid. 9his reagenta has a thorium content rather high for
metesrite Work., Attempts ot purification, c.g. distillatioen,
proved unsucceagsful, and the results obtained indicate that
thorium vas probebtly being introduced fron glassmare. In the
purificotion of reagents from uranium and thoriun & slurry of
Balny proved very ueeful wherc 1% could be enployed, (“‘6) This
nethnd of purification was 2lso ussd 4n an m?empb to purify
- odiup flusride but vith obly portial suecess.




The procedures vwere then used for the a.nalyszs of & sumple
of San rtin meteorite. Resulls were obtadned wmén agroed
fairly well with thoaé of carlier workers ‘fa) and wh;l.oh could
be stated Uith greater cecuracy. |

The second minb hat could Bbe quesuone@ i tho asgsumptlon
that all the helium 45 of wmudisgenic origin. This is fundemen-—
tal to the problem of the s of metcorites, and arises from
the suggestion made by Bauer cnd by ﬁﬂhm.tley (3%) that a part
of the holium content of meteorites orises not {ren radisaotive
devay at rather from the intersotions of high energy cosmio
ray partieles with iron nuclei, It &5 lmown that the
'evaporation partioles' produced under these oircunstances
consist af nuclei of tshe lightest elements, maludmg both
helium 3 and muum 4. A recent investigation '@y Pongth, Reas—
beck end liayne (6") has chown that the helium issloted from a
nusber of meteorites does contain, im faot, & substantial pro-
portion oi helium 3, thus proving the essentinl eorrcotness of
the hypothesis eof the coomic~ray origin of part of the helium.
ihds implies, of course, that the ages previously calcnlawd
mist be regarded as constituting upper limite to the ages of the
metcoritess it is likely, in foot, that many of them are gross
overestinates, end that none of the metoorites has an ege
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approachinz 7 ¥ 109 yoars. This problem can be resslved in the
cnse of those metecorites which contain a comparatively small
proportion of helium 3, since the subtraction of o small
corroction to allow for the cosmic way contribution will not
introduce gross errors into the acsessment of the amount which
has resulted from the radioactivo dscay of the urcnium and
thoriun. In one particular oase, Pongth, Reasbeok apd ayne
were obhle to do this, and for the Bethany Horvard meteorite
they cusmest am age of 75 X 106 years; calculations dy Martdn
heve shown that 1t is not implousiblo tn suzpecst that this re-
presents the age of the bulk of the wetcorites so far exaomined,
the varying helium éonbenbs ericsing, 8s suggeotod by Bauer,
from the verying thiclknosses of satter uhich originally
surpownded the fregment of meteorite remadning afier paesage
thrgush the at@aéphemo It seems likely, howcver, that age
dotorminations by the heliwmuraniun-thoriuvm nethod will have
to be rostvioted in futurc to thosc moteorites vhioh have a
deronatrebly small eosmis ray:mt.mubim {indieated by their
low holium 3 percentege).

These argurents do mot, however, invelidate discussion of
an interesting group of three moteorites, whieh form the main
pardy qf the material investigeted in the present work. For
Savik, shnighite, and luochiocnalusts, careful investigation has
failed to reveal o measurable amount of helium, end the guestion



http://oa.ee

erises chother this cbsence of helium is to B correlated with

avery lovege ( 1% 108 years) oF with a correspondin
amount of radicactive 'contomimation'. The prescet investigetion
' hao chown conclusively thet the latter susgestion is net correct,
end that the three melcoritos in qucstion all contoin amounis

of uranium and thoriun whioh, even if somevhat seller than the
average, are still lerge cnough to give & significant aspunt of
md__iageaie heiiun. Mme m’ thus say with some cortainty that
these three bodies 1ast solidified mot mores thzn about one
million years ago (5?")3 any thut.ion from cocwie rFay pro-
daeed helium will, of course, only serve to reducc still further
the alrzady low limit which can thus be sots Tho Peases vhy
these threc mteérihea &ppe&r-f 5 Bo S0 different from their
fellowa can only be @ mtter for conjecture, It has been
supgested that these meteorites have lost their helium through
being heated while passing elose to the sun (@@. A process of
2elting end 80lidifylng taking place in the parent Lody has alse
becn postulated (5%) . Bvidenoe that mewent,es in general were
formod under prossure (%) scems to confirm tm idea of an ex~
plodinz planet origin of meteerites, anma nonsey (ST) _
suggests thot change in the internal structure of Venus could
cauce cufficient disturbence of 1%s surface to account for their
origin. Any comprehensive thoory on the origin of metoorites
=St a.cwuné for the omall group of very lov nge. It seems
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to be quite cortain that they must be regarded as having an
origin in some way difforent from the others. There seems to
bo 1little doubt of their meteoritic eriging all tarce show
well=developed WidrmnstAtten fizures, whieh appear %o be quite
ehame%eﬁsﬁa of mcteoritio irons, and they bear Ao rescublanes

vhatever to the so-ealled terrestrial irons,
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