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A NEW METHOD OF ZONE MALTING FOR REFINING .
S T SUPER-PURINY GALLIUM o - o o

- COMMUNTST CHINA = -

- /Following is a translation of an article .
copby Liu Minechih, Instltute of . Fhysles, ‘
. Acsdemia-Sinica, in Wu~1ll Hsuehepao, -
.- Volume 15, Number 7, July 1959, C
. pp. 389=392._/ . i oo

"-ABSTRACé' ,.;nJ

. .This paper deseribes s new method fbr;féfiniﬂé:»';

-supsr-purlty Ga (99.9999%). Thls method provides-multipiei‘ "

zones on one side of the helix of plastle tubing in which
the material to be refined is filled. Thug, when the hellx -
rotates, the meliling zones ‘travel -endlegsly throughout the
specimen. The efficlency of thilg arrangement ls thought =
to be higher then that of ‘the conventlonal.one. . o

Utilizing the fact thet impurities tend to conden-".
trate more in the 1iquid phase than in the solld phase of

& materisl, Rs S. Jessup in 1940 suggested that this: ' -n;q'“
property can be used to purlfy matter, He procéeded to uge

this method to purify benzoic aclid. In 1944, F. W. Schwab .~
end ‘K. Wickers used this method to purify benzolc acld -~ ..
and acetanilide. ~ _ In 1952, W.-G. Pfann veed ‘this method -
to obtain super-purity metal. This methed Ys now called o
the zone melting method. Many metals con now be purifiled
with this method.: - In certain elements, such ss Germanium,.
the impurity can be reduced to 10~/1¢. . ..o
~As to the techniques of this zone meltling method, ...
many different ways have been used. So far sgs we know, .
there, are:  the commonly used stralght line zone meltlng .
method, the ring shaped zone melting, the floating zone
melting, the bird cage type zone melting, the electron
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Bk Arding F108%ing zone melting, the megnetic floating
oozon¥ melling, “éte. These Aifferent methods are used
TUHEeUrGing 6" End different properties of the matter to be

16Q,

For' ’*gggificatiap of Gallium, D. P. Detwiler and
X Uged. the stralght line zone melting method. They
ght glass tubs with Ga and used resistance
o.treate the melting zones. 1In between the
fj@eitingjzﬁgggiicbld water was circulated to ¢reate the
., 801184f¥ing" " Z0Aés. J. L. Richards added nitrie acid to
T the implre G4 t0: ereate GaClg. He then used .the zone melting
thod "0 "refiné, the Gallium tri-chloride, finally reducing
“to high pardty Gallium by hydrogen reduction. The first
108 mentiohed needs complicated apparatus and the pur-
tion efficiency 1s not high. The loss due to Ga's
0 the"Elass tube is also quite large. The second
ves” Several steps, which are both care-taking
ohguding. | o
ws e im the 'cage’ of the straight line zone melting method,
”inéf@qﬁ“ﬁév?’timé by setting up several melting zones and
Y WhOve theni “bick Bnd forth within each section simultaneously.
g oY1 tal specimen has length L, and the number
.Zofled"is n., Then esch melting zone will have
‘distsnce of D= L/n before getting back to ita
egition for the next round.,) In principle, this
i tlmeg faster than the single zone melting
WEVer,: due to the non-uniform movement between
nd "the melting zone, some undesired solidification
ien the nelghboring parts of the melting -
Uéntly, the impurity concentration there
[ati’ in the other parts. Thisg is even more
. Profounced ‘st the' end of the specimen, where the impurities
U gdthér, In ‘piher words, if one just compares the efficlency
i per’ PESE N, thid multiple zone refining method is not as
dod af"the Eifigle zone method., EER '
LI e 'makes the specimen into the ring shape, than
¥ Heg can move circutarly around.. This ellime -
k2nd forth motion which is the drawback |
ght“line samples. Hence, the afore mentioned
can be svoilded, However, the difficulty here
shaped mold is much harder to make, More-
. break the mold each time., In addition,
2ting system is also d@ifficult to make..
Y. this method sees only limited use.
uggest to use a helix zone meltling method
o illium. The principle of this methed 1is
LoV E . the Tetraleht line zone melting method to a
"helix metal ‘spedimen. The apparatus is shown in Fig. 1.
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A dlagrsm of a helix zone melting apparatus
1. Cooling water trough. 2. Supporiing arm.
%, Gless tube. 4. Plastic tubing flilled wit LR
Ga. 5. Reslstance heater ocolls. 6. Synchronized .
"electric motor. . S o

e - As can be seen, this setup allows multiple zone
melting. For each rotation of the hellx, a new zone
;eomes in end an old one goeg out. It does not have the

- .disecontinuous region which ig the chlef drawback of the
-straight line zone melting method. The result is then
;exactly n times the efficiency of 8 single zone refining.
It .is worth noting that -we have slso elliminated the time
needed to bring the heatser back alltogether. . o o
ks Gallium has.a low mgltins point of 29,8 ¢ and &
-high boiling point of 19837 c. . The sample we used is made
+in China and it contains Zn, Pb, Cu, Fe. A 1000°¢ their
‘wapor préssures are: Ga - 8 x 1077, Zn - 4 x 10%, Pb -
3.8, Cu = 5 x 107%, Fe = 8 x 107, 2ll in mmHg. ,To

~alliminate Zn and Pb and other volatlle impurities, we .
.£irst Till the G& sample hall full in & tranaparent quartsz:.
stube about 15 cm lo and 2.5 cm in diancter. It is then
-@istillled for sbout y hours st 1000%¢ in a vaocuun of
10 mmHg a8 shown in Fig. 2. o

- . Fig. 2 o

High temperature vacuum treatment of Qa.

1. High temperature furnace. 3. Quartz-boat.

2. Vaouum pumping connections. 4. Galllum specimen.
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. After that freatment and cooling to about 30 to
40°c, the Gallium specimen is poured into clsar plastis
tubing, 4 -« 8 ma in dimmeter, with the help of & mmall
funnel, plastiec or guartzy to avoild the strong adhesion
betwoen gless and Ga. The ends of the plastic tubing are
tled wp with cotton thresd. Alr bubbles inside are to be
svolded. Before the Ga solidifies, the plagtic tubing is
wound onto the retatable gluae oylinder {3 om dismeter)
as ghown in No. 3 of Flg. 1. Several smill holes (5 mm .
ismeter} have to be drilled on the glass cylinder wall
80 thal cold water can flow inside to keep the temperature
uniform. The spacing betwsen the turng of the helix is
kept at 3 to 5 mm. It can not be 100 emall or the water
will come up along the nerrow edge snd ceuse incomplete
meliing nesr the wall, e :

‘ The use of plastiec tubing has several advantsges.
It wlll not bresk by the expanding Ga during solldification.
It will not be contaminsted by meitals inside and it can

‘easily be wound onto the desired hellx. . .- .

The rotatable glags cylinder is supported on two
ends and is rotated by o smwall syhnchronized electric motor.
It can be taken down to fsoilitate the replacement of the
plastle tubing when the refining is dones - - -~ . -

A bar sheped resistance hester is placed horizon-
tally along the coylinder, - The distancs between them ¢an
be adjusted. The metal or glass cover above it acts sz
& reflector Lo concentrate the hesat radiations, It also
stopa irregular alr current and ‘thus regulates the temp-
erature., The slze of the melting 2ones must be uniform
and steble if hlgh efficlency is to be obtalned. A self-
ad justing transformer can be used to regulate the tempera-
ture of the melting zones at dbout 50 « 60°. The melting
zone should not ge over the top part of the helix. -

Due tc the fact that Ga haz & long tempsrature
range of super cocling, sometimes to as low as ~40%c, the
helix must not only be half-bathed in & tank with circu-
lating water, but & solid corystal must alsc beée kepit before
the Tirst melting zone so that the melted Ga may solidify
at the water temperature. Otherwlise, s much lowser temp-
‘erature is nesded to creats the solidifying condition. In
our cegae, the orystal is kept in » small portion of the -
plastic tubing Just ocutside of the heater range so that 1%
will remain so0lid throughout the refining process.

Gallium contracts in 1lquid phasge, thug it tends
to move gradually toward the ends of the plastic tubing
after peveral zone melting operations. -To avold the danger
of breaking the tubing, the following two methods may be
uged. The flrast is to loosen the rsal end or plug it with




-

& plasiia stop snd YTeavs an. émpty §pace fpr ﬁhﬁ expanaing
G@. Aﬁnther method is to plase all mélting 20Nes, . i.e.,
Ihe heating coil, on the side -of the helix where it tiirns

dnto thé water., This is analogous to the. u$ua1 praotlce *‘ an

oF. tilting forward a degreg vr two. i1 B strelght line. zone
melting to keep the oross péction uniforim, - Of these two,
we found the second method %o be better.. P

The apperatus we used hés the following specif10a~ s
Qionsf the rotatins glass gylinder's digmeter is 3 cm)
the 1engﬁh 30 em; the plastic tubing’ a,outside diameter

13 5.6 fit and the inside dlameter is. 4.8 fim,- with & length

6T 150 .cm; the mean circumference of, the Gallium helix is.;
11.8 cit;  The electric motor fop rotating. the glass eylihder
;s the seme kind uged on the cofmon elpctric clopk., It
Totated the cylinder once every three hoirs and with an
ngivalent linear velocity ®f 3.9 om/pour, It rotates .
the oylinder eight turne pér day andﬂstbp“ aftér 40 turns.v
With this arrangement, one.obtalns 150, rams.pf super:
purity Ga for every load of. 180, griama, Ga apecimen. IT. the
‘plastie tubing has an outside dlameter of 7.2 Bm, sn inside
dlameter of 6.4 mm and a length- of 1sp. oy, then it can.hola
200 gréms. of Gallium and yield 250 grams of super puri*y
@8 each. time.

: Bscause the distribution eonetanis Tor Ph Cu, &ind
Fa haveé K> 1.and for Zn, K&, we must, cul off bot-h onds, .
or the helix. The front. end;,. which enters the water first,

. ebritainz Pb, Cu, and Fe 1mpuritiea and. two rings are cut,
' fo from. it. .The other end’ oontains Zn 1mpufities and. one

Y

ring is, citt otf _there,

~ ¥rom our preliminary experiment“ £ refining result,f
13 as fellowe: . '

Vmg mik | s | s - N
N , | 1 L N
0""9‘“"*‘“‘9"‘;?‘“‘“;‘% ! 0.03 0.04 0.61 | 0. oos o 00
Lo - - <0001 |  =0.00001, 2.0000
ey | o | 6| o] R
&gt | DN — A

r“om *ne above chart one %208 u&at Lhu xwt;neL
Ga can attain a purity to 99.9999%. PR

For large scale indusfrial produc 1on of super
pnrity Gs, one oan place Ga 1h a transpsrent. guartz - tuoe
or.a specially treated high nuritw graprite. trough. The
ﬁhble thing ia theén placed 1 an »luminum., mxidg tube under
1I0-2mm Hg vacuum for 4 to 6 hours at 1000°c 16 rid itself
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"of Pb and 2Zn. Then it may be treated with the zone melting
method as described above. The plastic tublng end glams
oylinder can be enlsrged appropriately. One motor can be-
uged t6 rotate several oylinders. One heaisr may be placed
between two parallel glass cylinders to heat both, ete.
- To sum up, the helix zone melting method has the

following six advantages. . R o

: » Simpliecity in operation, unliks the commonly

used methods of T. P. Detwller and W. M. Fox, or

Js+ Le Richards. - EE _ ,

2., It greatly shortens the time needed for purifw

ications Our sample has a total length of 150 om.

With the game speed, a single zone straight iline

zone melting method requires 42 hours, while our

method reguires only three hoursd, becsuse we have

14 melting zones in all. = : :

3« It is superlor t6 the usual basck and forth

multiple zone methtd - in that 1t does not have

~connecting reglons and =0 has more uniform dig-

‘tribution. = L

4, fThe use of plastic tubing reduces the loss

dus to adhesglion and contamination.

5. It is sulteble both for laborstory experimen-

‘tation and for large scale Industiriasl production.

6., The refining spparatus is inexpensive. _

In the future, if the operating temperature of
plastic tubings cen be ralsed to 500°, then many low
melting point metals (In, Se, 8n, Bi, T1, Cd, Pb, Zn, Te)
can all be super-purified by this method. .

10,257 -~ <END-




