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DISCLAIMER

This document was prepared as an account of work sponsored by the United States

Government. While this document is believed to contain correct information, neither the

United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
.University of California.
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ABSTRACT
A method of preparing large stilbene criystals suitable for use in

scintillation counters is presented. .
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Introduction

In the past several years considereble interest has been aroused in the
grOWing of crystals for use as fluorescers in quentum counters.l’2 The methods
described herein have been used successfully during the past year to produce
stilbene crystals for general use at the Radiation Laboratory. The procedure :
'will be given in considerable detail 80 that persons unfamilier with the tech-

niques involved mqy duplicate the results.

" Preparetion of Materials’

' Trens-stilbéne obtained from the Eestmen Kodek Co. Was further purified to
remove trace impurities by'passing it through the column shown in Fig.-1l., The
.20-in.'section'of l-in. diameter tubing was filled with grade F-l Alcoe acti- -
veted alumina mesh 48-100, -The l4~in, section of glass tubing sbove thevbed of
elumine\is”thenvfilled'with'trans-stilbene and the liter bulb filled Witn epprox-
imateLy-éOOIml of. N-pentene. Heating is achleved by a glas-col heating-nantle
with power input reduced to a value that gives a moderate rate of pentane re-
fluxing.:  The epparatus as described will handle aboufrlSO'grams of stilbene at
va-timerend'fwo charges of stilbene may -be run through it before the alumina bed.
need be replaced, i i, | |

‘After all of the stilbene has been transferred to the distillation flask,

l 2 Rev1ew erticles on scintillation counters
1{1) ‘Robert Hofstadter, Nucleonies 4, No. 5, 29 (1949)
(2) Jordan and Bell, Nucleonics Q, No. 4, 30 (1949)

i

3 P, W Bridgman, Proc. Am Acad Arts and Sei. 60, 305 (1925)
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the flask is cooled.and removed from “the reflux column, a condenser'atteched to
1t and the pentane dlstilled off using a hot water bath as a heat source (not
over 60°C). Finally the stilbene is dried under vacuum, first by water a3p1ra—

A

tor and then by a mechanical pump.’

Fllling of Sample Tubes

Rectangular cross section bulbs were blown into a mold ‘having the appearance'
.and dimens1ons shown in Fig 2. These bulbs were filled by distilling the stil-
bene 1nto them under a low pressure of argon

The detailed procedure is as follows The apparatus used is shown in Fig.
3; The filled sample tubes hold approximately 120 grams of stilbene, and there-
fore 130-140 grams of stilbene are introduced through the large stem on the
still pot, after which the tube is sealed off. The system is then evacuated by
- a mechsnical punmp and heat applied to the still pot by means of s glas-col heat-
1ng mahtle at reduced wvoltage (~ 65 volts).  The fop of the still pot snd the
reflux column is insulated by wrapping them with several lgyers of cheesecloth.

. As the stilbene melts gases and excess solveut are'given‘off_and when it is’
completely uelted=it will be found to distill rather irratically under a good
vacuuu; For(this reason argon at a pressurevof,about 3 mm is introduced into
the system and the system isolated. Uhder these .conditions stilbene‘ vaporizes

hquite smoothly., As the material comes over_from the distillatiou‘column it

~ tends to solidify in the cold glassware. . A soft flamevfrom a glass blowihg
torch will melt it, and it may be kept molten in the sample bulb by an infrared;v
heating lamp, placed close to a flat side of the sample bulb

| When sufficient liquid stilbene to fill the sample bulb almost to the top
has come over, the heat to the still is turned off, the heat lamp removed, and

. systém evacuated to limit of a good mechanical pump Under these conditions the
‘stilbene slowly crystallizes and eny dissolved gases are removed When the ‘

B
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sample bulb is cold the tube is sealed off and a hook bent in the end to support
it in the furnace° Slnee some purlflcatlon is achleved by thls distillation the
excess material in the still pot, etc. is removed by distillation intoc a waste

bulb.

Description of the Crystal Oven

' The oven used maintained a definite,precisely controlled temperature‘gradi-
ent by the expedient of maintaining the two ends of an insuiated,.maSSivé, cop-
per tube at controlled temperatures A eomplete'drawing of the oven is’sﬁown in
Fig. 4. quulds b0111ng at constant pressure are used to control the tempera-
ture. The two alcohols used were chosen so that the meltlng p01nt of stilbene
(124°C) would lie exactly between their boiling p01nts, 117°C and 130°C. /The
spacing between the twe boilers is such that a temperature gredient.of 1° per
inch is set up in it, |

To prevent oxidation of the alcohels an etmosphere of argon is maintained
.in'tte boiler'e° 5 mercury manometer havieg tungsten ¢lectrodes sealed into'it
is used to control the pressure in the system through solenoid valves. Sensi~
tive relays are inserted in the circuit between the valves and the manometer to
'prevent arcing at the mercury tungsten contacts° The eystem is double acting
and will'compensate from either side of the neutral position. It is necessary
to make‘the rate of adjustﬁent of the ﬁressﬁre sﬁal% and to incIude‘e large
reservoir (45 liters) in the system to prevent over shoot invthe compensation.

Thile satisfactoryvtemperature regulation may be attained by operating_the,
heaters fromrthe uﬁregulated electric'mains,bmuch greater stability was\observed
when the heaters were operated through a voltage regulator The.ﬁsual degree of
control was w1th1n the llmlts of + 0,03°C over a one-hour 1rterval and + .0,10°C
vover a perlod of 24 hours It m;ght be p01nted out that slow temperature shifts’

are of 11tt1e :meortancey but that relatlvely small temperature shifts at hlgh

i L -
\
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' rates of change are very important in the growth of a erystal, Crystals are

grown in this furnace at the rate of 1 5/8 in. per day.

Opersating Procedure = ".‘ e

After aésembling the apparatus, it tested for leaks, precision of pressure;
control, etec. The pressufe on the system ié set at 80 cm so thatlexcess argon
mgy be vented to the atmosphere. The pressure regulator should maintain the
pressure constant to ¥ 1/4 mm.of mercury. Two centimeters of mercu:y pressure
changé,at 80 cm pressure will caﬁse_a shift in-bbiling péint of the alcohols of
ébout 1009 A tweivew-ino éiece of 10~-mm giass tubing fiiled with stiibene.and
sealed is a convenience in determining the level in the oven at.whiéh‘sfilﬁene
cnys£éliizeso _

Cnystql Euibs are first helé at the top oflthe_oven to melt them (é78 hrs.). .
When melted the bulbs are lowered out of botﬁoﬁ of thé.oven-for ihspection."lf
the.stilbene is completely melted the ﬁip of thetcapillary is cooled to form a =
seed and thercrystal bulb.raised to that height in the oven that Will.place thé
center of the capillary at the melting pbint of stilbene. Thevcrysfal bulb is

‘then lowered by a rebuilt electric clock at 1 5/8 in, per day untii the con-
" tained sfilbené is cpmpletely solidified. The o?eniis then cboled gradually
over a period of. 24 hours to room temperature and tﬂe erystal bulb reméﬁedol

it mast be émphasizeq that a séed must be present in the capillary when
gfowth is‘started, VIf the stilbene is completely melted, on cooliné it super-
cools and then later when it finally starts to @rystéllize it does’sovabruptlyo
This tendency to supercool will be'observed if melting pointé are measured for
the stilbenec It will.melt sharpLy at.124°C but may cool to as low as 106°C -
before erystellizing. - | ' ‘ |

Some precautions'in.handling stilbeﬁe might be hoted; There is some ques—f A

tion as to whether stilbene is carcinogenicy; it is certainly an irritant and

A Cof
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. should be handled with care. The crystals are very. fragile, Having a relatively

large coefficient of thermal expansion, they are very susceptible to thermal
shock, .

Cutting snd Polishing Stilbene.

Crystals mgy be cut by a hack saw blade if extreme care is used Better
control mey be had if the blade is used without the saw frame° Ay twist bf the
blade in the sew cut is certain to frecture the crystel. As & more refined tech~-
nigue a bendAsew wes set up .using laboretony equlpﬁent The blade wes multi-
stranded (~ ') 0,005-in, stainless steel wire using 400 mesh carborundum as a
cutting agent Gum arabic in the ebresive mud aids in carrying it into the saw .
cﬁt, By using a light . weight wire as a blade, torsional etresses are avoided
while cu'bting the crystal,

The rough cerystals are surface finished using Minneaota Mining and Manufac-
turing Company s Wetordry sand paper° The 200 grit peper will remove_meterial
rapidly end the 320 grit peper yields & fine;y sanded surface, Fihally the
suffaoes are poliahed using 600 mesh carborundum on Eheeeecloth on a flat sur- ..
facéoi All eanding and polishing operations are done wet, A very fine final
poliah mey be had by rubbing moist 600 mesh carborumdum on the crystal with a
finger while wearing rubber glovee° In,washing the crystal the water ueed :
should alweys be withinfz 2°Q of tﬁe erystal 'bem;;erature° Very fipe orystals

- heve been cracked by attempting to wash them in water 5°C cooler then the crys-
tal itself. A basin of water standing in the room is most useful as a safe

A

weshing medium. . } : : . -

‘ Cenclusion

By using the meﬁhods described herein cnystals have been grown that were

3/4 in. x l»3/4 in, x 34 in. in size and free of fractures, More often however

‘one or more fractures will eppear elong the length of the crystalo, It is more



'difficult to’cut and polish a crYStal Without fracturing it than to grow the
\ crystal 1nitialxy unfractured
‘ The crystals we have grown are not single crystals but a number of erystals
~grown side by side with 1ittle or no discontinuity at‘the interface between |
cnystels; The evidence of such mnltiple growth is draWn from the appearance of
faces of crystdls before cutting and the great tendency of c:ystals‘to,fracture
along the“direction of grewth | | | |
From the experience obtained to date we feel that some of the precantions
used here were necessany during development of the method but should not be
A necessary in duplicating the eqnipment If we were to set up the apparatus . cn 8
limited budget the micromax could easily be- dispensed with as could also the
5_voltage regulator for the heaterso The rest of the‘equipment is relatively
»_simple and easy to fabricate. | ,
I am 1ndebted to Prof E Segre fcr his advice and interest in the develop-
ment of this procedure, This work was done under the auspices of the Atomic |

A

Energy Commissiona

i

Information Division R ' | T
2-9-51" md | :
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