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A Practical Method for Target* Preparation

of Powdered Materials

Isao SUGAI

Institute for Nuclear Study, University of Tokyo,

Tanashi-Shi, Tokyo, Japan

Abstract: This is the sixth report on the practical method

of target preparation for use in nuclear physics experiments

following the previous one ( INS-TL-131, 1976 ).

We have made various targets by developing the centri-

fugal precipitation method, which is particulcirly effective

in the cases; (a) metal with high melting point and low

vapor pressure, (b) oxides which are difficult to prepare

by the usual vacuum evaporation technique and (c) some

enriched isotopes which are very minute in quantity (less

than - 10 mg) and low in recovery ratio. The samples were

once suspended in liquid paraffin by ultrasonic wave vibrator,

and then centrifugally precipitated on a thin backing foil

such as Mylar or aluminum set at the bottom of the centrifu-

gal tube.

Uniformity of target made in this way was checked

* A part of this report is published in Nuclear instruments

and Methods Vol. 145 (1977) No. 3.
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by an 2l4lAm - a ray thickness gauge. Contaminations smudged

in the preparing process were checked by irradiating the

targets with the proton beam from the FM Cyclotron at I.N.S..

§1. Introduction

Self-supporting foils without any other co-existing

elements are needed as targets for nuclear physics experiments.

In order to prepare self-supporting metal targets, several

methods such as vacuum evaporation, electro-plating, rolling

and thermal cracking are used at present. The method to make

a target is to be decided by considering the purpose of

the experiment and by paying attention to the condition of

the target material. Practically, it is hard to make self-

supporting target of alkali earth metals and rare-earth

metals. Moreover, materials with high melting point, for

example Mo, 2r, Ta, Re, Os and W etc, are not easily evaporated

even through heating by electron bombardment. It is the

centrifugal precipitation method that is effective for making

the target in these cases.

In general, such materials as mentioned above are deliver-

ed in the form of oxide or carbonate. Their powder can be

used for target preparation by making suspensions with some

suitable liquid. Gravity precipitation, electro spraying

and electrophoresis are used as suspension i-ethods. However,

in these suspension methods there are such disadvantages as
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thickness limitations, non-uniformity of the thickness and

fragility against the beam bombardment because the powder

material only weakly sticks to the backing foil.

To overcome such disadvantages an enforced centrifugal

precipitation method is most desirable. A suspension of

target material is made in ultrasonic vibrator with liquid

paraffin. The target material and liquid which are different

to each other in density, can be separated by the centrifugal

power. Thus, it is possible to firmly stick the material to

the backing.

The centrifugal force for mass M gram, can be expressed

by the following equation:

F = 4N21T2R/Mg (dyne)

where N is the number of revolutions per minute, R is

distance from the axis to the grain (cm), and g is gravitational

constant. If the values of N and R are 2500 r.p.m and 15 cm,

respectively, then a power as strong as 960 g dyne can be

obtained for 1 gram matter.

Samples of enriched isotopes are expensive, so they are

usually purchased in minute quantities. Therefore, in order

to prepare the target of an enriched isotope, the recovery

rate of the target material should be high. In the method

of centrifugal precipitation, a small amount of enriched

isotope (5 mg) can be deposited effectively on the backing

foil. Besides, if the grain of the powder is fine enough,

n



not only oxide or carbonate but also any metallic powder

can be evenly deposited on the backing.

The range of thickness obtained by this method is about

from 0.1 to 50 mg/cm2.

§ 2. Experimental Method

2.1. Apparatus

The apparatus consists of a centrifugal tube, an ultra-

sonic wave vibrator, a centrifugal separator and a vacuum

drying oven. Fig. 1 shows the centrifugal tube, which is

made of duralumin for protection against acidic solvents.

At the bottom of the centrifugal tube is a thin backing foil

with or without target frame. The shape of a backing film

is shown in Fig. 2. A backing without a target frame is used

for the preparation of relatively thin targets in the range

of 0.1 - 5 mg/cm2. When one uses such a backing as shown

in Fig. 2 - (B), all that one has to do is simply to cut off

the four portions for the screws. Mylar film has been mostly

used as backing, although aluminum and carbon foils are used

sometimes. In the cases above mentioned, the layer of

deposited target material neither falls off nor cracks even

if it is subjected to vibrational stress. However, if the

evaporation of the leftover paraffin is incomplete, a uniform

thickness may not be obtained at the edge of the layer as

described in §2.5. In such a case, the target material



can be protected by using the frame as shown in Fig. 2

- (A) • This ring is made of an aluminum round plate (200 \im

in thickness) with a hole (30 mm in diameter) in the center.

A sheet of Mylar film is attached to one side of the plate.

Further, another small ring (30 mm outside diameter, 20 mm

inside diameter, and 200 vim in thickness', was inserted inside

the frame to mount small amount of target materials effectively.

The backing with a target frame is used for preparing

relatively thick targets in order to reinforce the holding

ability. The Mylar film is applied on one side of aluminum

frame where Araldite (an adhesive agent) is thinly and

uniformly smeared. The wrinkles of Myalr film on the frame

can be stretched by heating in an electric furnace at about

150°C for several hours.

A polyethylene ring (200 ^m in thickness) shown in

Fig. 1, used as a packing during the centrifugal process

ensures that the deposited material is not spilled. When

the frameless backing is used, the Myalr film itself plays

a role of packing.

The polyethylene film was spread to stick to the bottom

of the centrifugal tube, which was wiped with a wet gauze.

Then a cover was placed at the bottom, and was tightened

with screws around the edge. The centrifugal tube was heated

in an electric oven at 100°C for two hours, and then the

wrinkles vanished and a flat surface was obtained.

The ultrasonic wave vibrator (power 29 K z / s , 50 w) was

used to make a uniform suspension of target materials in



liquid paraffin. A centrifugal separator was used to let

the target material which was suspended in liquid paraffin

precipitate on the backing. The maximum speed of the cen-

trifugal separator was 4500 r.p.m..

A vacuum drying oven was used to evaporate the residual

paraffin on the surface of target. The temperature of the

oven was as high as 180°C. Temperature was measured with

a chromel-alumel thermocouple and adjusted by a slidac trance.

The vacuum was 10~ Torr when an oil rotary vacuum pump was

used. A glass trap was set between the pump and dryer in

order to prevent evaporated liquid paraffin from entering

into the pump.

2.2. Backings

The choice of backing foils depends on the experimental

purposes. They should be as thin as possible. Soch organic

film as polyvinyl, formal, collodion, polyethylene and Mylar

are used as backings in general. Aluminum, gold, nickel and

carbon foils are also used. Mylar film is used very often

in our institute. Its chemical formula is CjQHgOi,, and is

a polymer of carbon, oxygen and hydrogen. The specific

gravity and melting point of Mylar are about 1.38 (g/cm3) and

250 •- 260 °C respectively. Mylar keeps elasticity even at low

temperature.

The centrifugally precipitated target material is well

deposited on the surface of Mylar. The target is sometimes

broken because of the discharge and the heat by the beam
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bombardment. To be free from such an accident, it is better

to let the target being conductive both electrically and

thermally. Al and Au metals can be easily evaporated upon

Mylar film (4 ym in thickness); for example, 5C yg/cm2 of

alminum or 200 jjg/cm2 of gold. The differences of thickness

between the heated and unheated Mylar backing film are shown

in Fie,'. 5 and 6, respectively. The thickness at the center

before and after heating were S35 and 521 yg/cro2, respectively.

This difference might be caused by the streching of Mylar

film fixed with Araldite to the frame, since the wrinkles of

Mylar were taken iff after heating. The changes in the

uniformity of thickness due to heating is found negligible

(<3.S %) .

2.3. Suspension Agent (Liquid Paraffin)

Liquid paraffin is found most suitable to make a sus-

pension of the target material uniformly. This liquid

paraffin is a highly refined carbon hydrate oil, and has

neither color nor smell. It is a non-volatile oil. Its

molecular formula is c n
H
2 n + 2 <• a"

d i t s density is 0.860 - 0.905

g/cm3.

It is well mixed with ethyle acetate though it is not

easily mixed with water and other organic solvent. Therefore,

ethyle acetate is used to dilute liquid paraffin.

The chemical property of liquid paraffin is inactive.
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2.4. Target Materials

The following conditions are required for the targets

which are prepared by the centrifugal precipitation method:

1. To be chemically stable.

2. Not to be soluble and reactive with liquid

paraffin.

3. Not to be deliquescent.

4. To be available to get fine-grained powder in

an agate mortar, and not to be chemically

reactive during the pulverization.

5. To be dry.

2.5. Target Preparation

As an example of the practical methods, we explain

the case of Neodymium oxide (11|3Nd2O3) target. Generally,

the color of natural neodium oxide powder is pale blue or

pink. The needed thickness of the target was about 2.5 mg/cm2

in the form of oxide. If one wants to make a target of 3.14

cm2 (20 mm*) in area, 11(3Nd2O3 of 7.85 mg (2.5 mg/cm
2, 3.14

•cm2) is needed as an initial amount. However, practically,

we needed about 5 % excess amount (i.e., about 8.25 mg).

This powder was put in a beaker (20 ml) with 10 ml of liquid

paraffine as a suspension agent. When the target material

was very fine, about 2 ml of ehyl acetate was added.

The amount of liquid paraffin was adjusted depending on the

amount, of target material. The viscosity of liquid paraffin

can be decreased by heating with an infrared lamp.



Then the beaker was fixed on a shaking table of an ultra-

sonic wave vibrator. The powder block of neodiura oxide at the

bottom of the beaker was gradually suspended into the liquid

paraffin by the ultrasonic wave vibration. A homogenious

suspension of neodymium oxide was obtained. To avoid the con-

tamination by water, the beaker must be covered with a sheet

of paper during the sw tension preparation. If tho neodymium

oxide is well suspended, no precipitation can be seen even

after about 24 hours.

The well suspended liquid was poured into the centrifugal

tube. The rotation was switched off when the revolution

velocity of centrifugal tube reached 2500 r.p.m..

The centrifugal tube was then twisted 90°C in clockwise

direction. After the same revrlutions were repeated 8 times

a continuous centrifugation vas done at 3000 r.p.m. for one

hour. Then neodymium oxide suspended in liquid paraffin was

completely collected on the backing film. The degree of

transparency of liquid paraffin indicates to what extent

the target material is precipitated.

In the case of insufficient precipitation, the liquid

paraffin is not transparent. When the viscosity of liquid

paraffin is strong, about 2 ml of ethyl acetate can be slowly

dropped from the tip of a capillary pippet along the tube

wall. This ethyl acetate goes down to the surface of target

material.. The liquid paraffin was sucked out of the tube

through a pippet (5 c.c. size), but the sucticn had to be

stopped once when the paraffin level reached about 0.5 mm in

height from the surface of the target material. Further
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suction was carefully continued using a fine capillary pippet

without any touching to the layer of target material.

It was better to leave some residual paraffin around the

target material to avoid the breaking of target layer by

touching of capillary pippet.

The residual paraffin around the target material and

tube wall was then dried by placing the tube inside the vacuum

oven kept at 10~3 Torr and 150°C for about two hours.

After the tube was dried enough, it was cooled down and the

covering plate fixed at the bottom of the tube was removed.

The liquid paraffin oozed behind the Mylar backing had to be

wiped off with a clean gauze which was moistured viih ethyl

acetate. The Mylar backing, on which neodium oxide was

deposited was detached carefully from the bottom of the cen-

trifugal tube using a pinsett.

Since the Mylar film M : charged by static electricity,

it had a tendency to roll and break the layer of target

material when the film was peeled off from the bottom of

the tube. It was reconunended, therefore, to wet the target

frame with ethyl acetate before detaching the film. Then

the peeled film was spread on the other side where the target

material was not precipitated. Then, the film could be easily

mounted on the target frame.

The thickness per unit area of the precipitated target

material can be estimated by measuring the precipitated area

and the weight through a microbalance. The process of this

method is briefly shown in Table 1.
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Rough-grained target material;

For example, carbonates CaCO3 and BaCO3, and oxides

target materials of Al2O3, Sc2O3 and GeO2 are usually rough

grain. Therefore, they are not well suspended into liquid

paraffin. In such a case, the rough grained .material had to

be crushed in an agate mortar. This powdered target material

was dumped into acetone solvent and a suspension was made by

using an ultrasonic wave vibrator. Then the supernatant was

dried up, and the powder was used for making suspension

material with liquid paraffin. This suspension was

centrifuged and the suspended material was precipitated on

Mylar backing. The* further process was the same as mentioned

previously.

§3. Results and Discussion

Table 2 shows the list of targets produced in our

institute by this method. Besides the rare earth oxides,

such metallic powders as W, Zr, Mo and Ta with high melting

point, and their oxides {WO3, ZrO, MoO and Ta2Os) were

produced as homogeneous targets. The low melting point

mt Is, Ga and In, were transformed into their oxides so as

not to be evaporated when they were bombarded with cyclotron

beams.

In the case of rough—grained target material, quite a

rough surface was observed with the microscope after
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removing residual paraffin.

In order to produce targets as thick as 20 - 50 mg/cm2,

the suspension is not easily obtaiued uniformly even if an

ultrasonic wave vibrator is used. Considerably large

amount of material is left at the bottom of the beaker.

In such a case, two ultrasonic mixings were performed

followed by three and stronger target can be obtained by

removing the 80 % of supernatant (liquid paraffin) and adding

another suspension agent. In the case of thick target,

relatively large amount of liquid paraffin must be left.

Never add such liquids as acetone, ethyl alcohol and

water. When any one of these liquid is added, the liquid

paraffin becomes milky and does not equally deposit on the

backing. The Mylar film must be detached from the centrifu-

gal tube after the complete evaporation of the residual

liquid paraffin. If the film with the incomplete evaporation

is detached, the sdge of the target material is broken and

the uniformity in thickness is also lost.

In the case of rough-grained target material, consider-

able amount of the suspended material sink down to the bottom

of the tube. Therefore, the process of centrifugation must

be done as quickly as possible.

Sometimes a faint stripe is observed in the direction of

diameter in the center portion of the film. This stripe is

produced depending on the making condition, though the reason

is not found clearly yet. It was, however, eliminated by

switching the tube 90° in clockwise direction as mentioned
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previously.

When uniform suspension is not obtained e"en after long

enough mixing by ultrasonic wave vibrator, it is recommended

to add enough amount of ethyl acetate. Then, the supernatant

of ethyl acetate was skimmed off and dried. The sample,

reproduced by such method, was placed in a Pt. crucible and

was heated at 1000°C in the air. The sample material became

quite fine-grain powder.

3.1. Change in Thickness by Radiation Heating

As mentioned previously, the liquid paraffin could not

be removed completely by a capillary pipett from the precipi-

tated target material. The residual paraffin was dried up

in a vacuum drying oven. When a electric oven was used.- it-

took 2 days to remove the residual paraffin, and sometimes

the surface of the target was stained by the decomposed

paraffin. On the other hand, when a vacuum drying oven was

used, it took relatively short time to dry up the target and

no stains were not observed. Furthermore, the uniformity of

target surface became much better than the drying methods

mentioned above.

When one would like to know more precisely the thickness

of the attached target material, the following method sould

be used. The amount of residual paraffin was about 3 mg/cm2

in thickness (the surface of target looks wet and semi-trans-

parent by macroscopic observation). The layer of target

material was not broken at the time of detaching from
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the bottom of centrifugal tube. Therefore, we tried a direct

detaching method without framing. We checked the change in

weight of residual liquid paraffin by radiation heating in

the drying process. A Ta-plate (1.5 cm in width, 5 cm in

length, and 50 ym in thickness heated at 1500°C was used as

a radiation source. The Mylar backing (<Ji=2 cm) was kept at

5 cm above the radiation plate. In this case, natural

neodymium - oxide (Nd2O3) was used as material. Radiation

heating was done every 20 minutes and the target weighed

every time. Table 3 shows the decreasing pass way of weight

as the heating treatment is repeated. The evaporated material

was supposed to be liquid paraffin, because the paraffin dew

was formed on the transparent Acry^ite plate of the peeping

window of the vacuum chamber.

The thickness was checked by the a - ray thickness gauge

before and after the radiation heating treatment. Not so

large fluctuation was observed and the uniformity in thickness

was not lost by this treatment. From the result shown in

Table 3, it was understood that the liquid paraffin is

evaporated and the thickness is approaching to the one which

is equivalent to 95 % of the initial amount. When the target

material was placed in the air, the thickness was increased

0.03 mg/cm2. This was caused by the absorption of humidity

from the air. The thickness was decreased to some extent by

further heating treatment. The surface of the target gradually

became white as the evaporation was proceeding. The dried

film was used as the target in this condition without more
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radiation heating. If further heating is continued, sticking

ability to the Mylar backing becomes weak, and is easily

broken or peeled off by slight shock. Therefore, the heating

treatment has to be stopped at the time when the color of

target changes from semi-transparent to white. The amount of

residual liquid paraffin is estimated to be the difference in

thickness i.e. 2.72 - 2.50 = 0.22 mg/cm2 in this case.

This amount of liquid paraffin is absolutely necessary to

keep the strength of the target, and this residual paraffin

plays the role of a binder between the target material and

Mylar backing. The liquid paraffin used in this experiment

was high-qualitied and pure. Since liquid paraffin is

composed of only hydrogen and carbon, no other impurites were

found in our experiment. After 5 days leaving in the air,

the thickness of the target increased 0.08 mg/cm2.

If the target was treated again by radiation heating,

the thickness became the same as that in the 4th heating.

When the heat treatment by radiation was done too long and

the residual paraffin was scarcely left over in the target,

a small amount of liquid paraffin can be added through a

cappillary pipett along the target edge. This addtional

liquid paraffin diffuses into the target in about 20 minutes.

This process must be done at room temperature, because the

target layer is broken when the centrifugal tube or target

frame is heated at the temperature higher than 70°C.
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3.2. Yield Ratio

Approximate target thickness has been estimated by

assuming that all the material used in the begining should

be precipatated on Mylar backing. However, some loss in

the preparing process may be took place. When the target

material was suspended by an ultrasonic wave vibrator, little

amount of material remained at the bottom of the beaker.

In the case of rough-grained powders, some amount of the

material was left at the bottom of the beaker when the sus-

pension was poured into the centrifugal tube. Moreover,

some amount of precipitated material was left sometime when

the Mylar backing was dettached from the bottom of the cen-

trifugal tube. Therefore, the yield ratio in this method

was tested.

The targets used in the yield test were natural rare

earth oxide, such as Sm2O3, Eu2O3 and Nd2O3. Eu2O3 seemed to

be rather rough-grained comparing with others. The deposited

area was set 20 mm ij> or 30 mm $. The weight of each material

was measured by a balance after satisfactory drying by

radiation heating in vacuum. Each sample was prepared by

the present method, and was dried in Pt crucible by a Bunsen

burner. The residual paraffin contained in target material

and Mylar backing was decomposed, and was changed into a

carbide. By heating it further at 1300°C, the paraffin

vanished away as CO2. Then the target was placed in a desic-

cator and was cooled down until its weight get a constant

value. The yield ratio was obtained from the difference
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between the initial weight and the final one. Each yield

ratio obtained in present experiment is shown in Table 4.

The thickness of these samples are all about 2 mg/cm2 .

It can be seen from these results that the yield ratio was

about 95 % in each case. The thicknsss of target, which was

deposited on the area of 20 mm <)> or 30 mm ij>, was figured

out from these data.

Sample

Eu,O3

S4O3

Nd2°3

Yield

9 3

9 5

96

Ratio

0 %

7 %

8 %

Average 95 .1 %

Table

$ (mm)

20

20

20

4

Sample

E u2°3

SnfeO,

Nd2O3

Yield

96

96

9 5

Ratio

9 %

7 %

8 %

Average 9 6 . 7 %

4> (mm)

30

30

30

The average of both experiments is 95.9 %.

3.3. Thickness Uniformity

The uniformity of the target thickness was measured by

an a-ray thickness gauge. The detial of the a-ray thickness

gauge is reported in INS-TL-110. The measurement was done

by fixing the oi-ray thickness gauge and Si-detector, and by

moving the target in 2 mm step to the left and right of the

gauge axis. The target material used in this experiment

were natural oxide of Gd2O3,
 llt3Nd2O3 and CdO, and natural

carbonate of PbCO3, and
 20l|PbCO3. In all cases, the thickness
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of Mylar backing was about 4 pm.

Since the uniformity was about 3 % for 4 pm Mylar

backing as mentioned already, the uniformity of thickness was

expressed, in the following, as the value in which the thick-

ness of Mylar backing was already subtracted.

Fig. 7a shows the target thickness of natural Gd2O3

measured along the X- axis. In Fig. 7b, the measurement was

done along Y- axis. In this case, the maximum deviation

value of 2.6 % against 4.85 mg/cm2 of central thickness was

obtained and this value was equivalent to 126 pg/cm2 in

thickness. Hence, the deposition of material, in general,

seemed to be uniform. Fig. 8 shows the uniformity in thick-

ness of natural PbCO3. The thickness in the central portion

was 2.75 mg/cm2, and the maximum deviation was 9.24 %, and

it corresponded to 250 yg/cm2 in thickness. The uniformity

in thickness of the enriched isotope 2[)ltPbCO3 is shown in

Fig. 9. The thickness in the center portion was 2.36 mg/cm2,

and the maximum fluctuation in thickness refered to the center

portion was 3.0 %, and was equivalent to 70 pg/cm2 in thick-

ness. In general, the carbonate target materials like

2 0'tpbcO3 are rough-grained, and they have to be powdered fine

in an agate mortar. The 20L)PbCO3 which was not powdered in

the agate mortar had 6 % of difference in thickness. This

difference Might be caused by the rough grain. Fig. 10 shows

the example of fluctuation in thickness of natural CdO whose

thickness in the central portion was 154 pg/cm2. The maximum

fluctuation of thickness was 16.2 %, which was equivalent to
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25 yg/cm2 . In this case, the thickness near the edge was

thickner than that of the center portion. This deviation was

rather high for the centrifugal method. The uniformity or

this target material was good enough comparing with the rough

surface. The thinner target was more difficult to make

uniformly. Fig. 11 shows the thickness distribution of the

11(3Nd2O3 target. The maximum deviation against the central

thickness was 19.2 %, which was equivalent to about 870 pg/cm2

In this case, a faint stripe was observed in a direction

along the diameter of the target. The figure shows the da';a

measured in clockwise direction against the stripe line.

On thickness obtained by nuclear reactions and weighing:

The target thicknesses estimated by simply weighing with

a balance are compared in Table 5 with the values extracted

from an optical model analysis of the cross section of elasti-

cally scattered protons. The inaccuracy in the optical model

parameters used are about 5 %.* From Table 5, we see that

the two metiiods agree within 10 %.

DWBA calculations were carried out with the code DWUCK

using a Tosbac-3400 computer by Dr. H. Orihara of Tohoku

Univ. Optical parameters derived from proton elastic

scattering on 71*Ge were ir. good agreement with those of

Becchetti and Greenlees • F. D. Becchetti, Jr. and G. W.

Greenless, Phys. Rev. 182 (1969) 1190.
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Table 5

Enriched

Isotope

70GeO

72Ge0

71tGeO

76Ge0

Optical-Model

Method (0)

1.89 mg/ciii2

1.28 mg/cm2

3.15 rag/cm2

1.52 mg/cm2

Weighing -

Method (W)

2.10 mg/cm2

1.28 mg/cm2

3.40 mg/cm2

1.65 mg/cm2

W - 0 ) „
W

Difference

10 %

- 8 %

7 %

8 %

100 (%)

Ratio

(Weight of the residual paraffin included)

3.4. Target Impurities

Impurity elements, which sfiemed to be contaminated during

the making process of a target, were checked by using

the proton beam from the I.N.S. FM Cyclotron. The impurity

substances were detected by elastic scattering. As mentioned

before, materials such as carbonate, A12O3, Sc2O3 and GeO2

were rough-grained, and so they were powdered in an agate

mortar.

Even if the target material were high-quality, there was

a possibility of contamination of silicon from mortar during

the preparation process. Since small amount of chloride was

also contained in ethyl acetate and liquid paraffin, chloride

seemed to smuggle into target. Sample materials to be

measured was natural calcium carbonate which was prepared in

an agate mortar. The results of experiments on these materials

are shown in the following.

The proton spectrum of about 0.5 mg/cm2 Mylar backing is
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shown in Fig. 12. There are no elements detected except C,

H and 0, which are the components of Mylar backing. Fig. 13

and Fig. !4 show the proton spectra of Mylar backings coated

with two types of liquid paraffin as thick as 3 rag/cm2.

From the figures, it is seen that there is no difference in

the use of the liquid paraffin as far as the purity is

concerned Fig. 15 shows the proton spectrum obtained in the

case of very pure (99.999 %) natural calcium carbonate (2.42

mg/cm2 in thickness) precipitated on 0.5 mg/:r->' Mylar backing.

This calcium carbonate target was made from the fine grain

of calcium carbonate powder, which was prepared in an agate

mortar. The target made through such preparation did not

contain any impurity element/ as seen in the iipectrum shown

in Fig. 15. Fig. 16 shows the proton spectrum for a 2.00 mg

/cm2-precipitate of calcium carbonate. In this case,

preparation of calcium carbonate was started by using 10 nig

as the initial amount. Since it took long time to prepare

the target material in an agate mortar, there seemed to be a

possibility of contamination of Silica and others. However,

no peaks of Si are observed in the proton spectrum, as shown

in Fig. 16. The amount of Si was calculated from the peak

of Si in the spectrum. As its results, the value of 1 x lO""*

mg/cm2 was obtained, and this was negligiblly small compared

with the values of 1 mg/cm2 for carbon and 2 mg/cm2 for

calcium.
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3.5. Thermal Effects by Beam Bombardment

Generally, oxides and carbonates are used as target

materials. Mylar or polyethylen film seems to be weak in

heat conduction.

When the beam is focussed on the target, the target

material and the backii.g are heated by the energy loss of

br;am in the target. Because of this partial heating, the

following effects take place in the target material and

backing.

i) The holding capacity of the target material and backing

are lowered, and the mutual bonding power is decreased.

Finally, the target layer is broken or slipped from the

backing surface, and the uniformity of the target is lost,

ii) Beam-radiated portion of Mylar backing changes from

semi-transparency to black. As a result of this beam

radiation, the thickness is changer1, and this causes

the shrinkage, wrinkle, breaking, non-uniformity of

the target material.

We irradiated the 50 MeV proton beam for 30 minutes,

(150 \x coulomb) against the double layered Gd2O3 target.

The change of the surface condition and the thickness before

and after the proton beam bombardment, was studied. Fig. 17

illustrates the experimental arrangement of the backing and

target which are tested. The following changes were observed.

The Mylar film (4 \im in thickness) notated (A) was

decreased 2 % in thickness by beam irradiation. In the case

of (C) , the heat conductivity was improved by a thin coating
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of aluminum, and the change in thickness was decreased.

It is known that the residual paraffin which is about 0.2

mg/cm2 in thickness in Gd2O5 target gives effective stabili-

Lies for the target.

The change in thickness of CdO target (80 yg/cm2) with

the 6 MeV proton beam (0.2 JJA) bombardment was shown in FLU.

18. As seen in Pig. 18, the thickness suddenly decreased

at the -6 and 4 mm position which corresponded the envelope

of beam spot. The color changed to black in this region.

The deviation in thickness at this position corresponds to

-33 %, where the standard is set at the relative position

of 6 mm. In a nuclear reaction experiment with this target,

the counting rate of the reaction particles from CdO target

was almost constant during beam-irradiation. The thickness

of CdO was not considered to change. This fact might be

understood that oxygens in Mylar are evaporated through a

decomposition caused by the beam irradiation. This is judged

from the following considerations; the vapor pressure of CdO

is very low (1000°C), and even if CdO all vanished due to

beam irradiation, the decrease of thickness was only 16 %

(1/2 of 33 % ) . Besides, the heating caused by energy loss

in Mylar backing might help the fact mentioned above. Such

decrease of Mylar backing may be caused from a destruction

of chemical bondage by radioactive rays and a heat which was

due to energy loss in a thick Mylar backing. Therefore,

the following test was carried out to see how the thickness

was changed by heat.
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Mylar film (4 ym in thickness), which vas spread on an

aluminum frame and fixed with Scotch-tape, was partially

heated at about 200°C using a soldering iron (100 W).

The size of aluminum frame was 1 mm in thickness, 45 mm in

outer diameter and 30 mm in inner one. The Mylar film was

expanded well before heating treatment, and then the soldering

iron was once touched to the film. The heated area was

stretched well, but radial wrinkles occurred around the heated

spot. The thickness of this heated spot was measured by an

a-ray thickness gauge, and the thickness uniformity was also

measured along some random diamet&r. The results were shown

in Fig. 19. The thickness of the Mylar film at center

portion was 0.499 nig/cm2 before the heating, and it was 0.500

mg/cm2 after the heating. Therefore, it did not change by

heat. Maximum deviation of thickness uniformity before and

after the heat treatment were 1.8 % ;..,d 2.0 %, respectively.

Instead of Scotch Tape mentioned above, Aron-alpha was also

used as an adhesive agent. Then, in the same way as written

above/ heat treatment was applied to the center portion of

the film. When the soldering iron was touched to the film,

some wrinkles were observed in a moment, but these vanished

away instantly and became smooth. The Mylar film which was

glued with Aron-alpha to the aluminum frame was erected

vertically, and further experiment v;as carried out.

A soldering iron, whose tip was adjusted to be 1 cm2, was

approached to the Mylar film as close as 1 mm and such heat

treatment was continued for 8 hours in the air.
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The thickness before and after the treatment were 0.500 rag

/cm2 and 0.507 mg/cm2, respectively. In a series of heating

experiment as mentioned above, any particular effects, which

changed the thickness of Mylar film at the heated area, were

not observed. Besides, the semi-transparency of Mylar film

was not changed. The target, which was irradiated by the 52

MeV proton beam of 50 nA for 10 hours showed no problem

mentioned! above.

The target which was less than 1 mg/cm2 in thickness,

was scarcely broken and the material did not peel off.

In the case of thicker target (more than 10 mg/cm2), however,

if the amount of residual liquid paraffin was too little,

the target material sometimes dropped off. When the beam

current was increased to about 800 nA, the effect of electric

conductivity should be considered.

We tried to mix fine-grained carbon powder or to coat

aluminum and gold (10 - 100 yg/am2) on Mylar backing by

vacuum evaporation so that the heat conductivity should be

better and the heat effect of the beam irradiation should

be decreased. To avoid the decrease of thickness of Mylar

backing by beam bombardment, the carbon foil (700 *» 1000 ug

/cm2 in thickness) which is made thermal cracking nay be

used instead of Mylar backing.
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§4. Summary

In making targets which are used in nuclear experiments,

an enriched isotope as a target material is not used in

initial step in the methods of vacuum evaporation, electro-

plating, rolling or thermal cracking. Practice of making

target has to be done first by using natural sample materials,

and when the skill is improved, then real production process

of target must be done by using enriched isotope materials.

However, in the centrifugal precipitation method reported

in this paper, nor the target can be quite easily made with

no practice nor special skill. Further more, no special

apparatus is needed and the makinc cost is very low.

Target materials can be used once again by refining

the materials collected from broken or failed targets. Since

the yield ratio is good, this method is suitable to make a

target frcn expensive and minor amount of enriched isotopes.

Available thickness range is about 0.1 to 50 mg/cm2.

C spared with metallic foils, the uniformity in thickness

is rather low, but, as far as 2 mg/cm2 thick target is con-

cerned, it is possible to make it about 3 % in thickness

uniformity. The uniformity in thickness of target depends on

the grain size of the target material.

Although the contamination of impurities during the pre-

paring process of material in an agate mortal was worried, no

migration of Si was observed.

The holding capacity of target is found to be strong
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enough. This holding capacity of target is due to the amount

of residual liquid paraffin. The paraffin stick every grain

of target material together. Optimum amount of residual

liquid paraffin is about 0.2 mg/cm2 in thickness, or 8.0 %

for the target of 2.5 rag/cm2 in thickness.

The demerits in the present method are that it takes

long time to make a target and it is impossible to make self-

supporting targets. The main reasons of taking a long time

are as follows; (a) to suspend the target materials uniformly

in liquid paraffin, and (b) it takes a long time for centrifu-

gal precipitation and evaporation of residual paraffin.

In the case of rough grained target material, a liquid

paraffin which has a high viscosity is needed, but it is not

necessary when rare earth and fine-grained materials are used.

Recently we are using such suspension agent as DECALIN

(CJ0H2) for electro pharesis (easily evaporated) and KEROSENE.
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Table 1 . Making Process of Targe t by C e n t r i f u g a l Method

1 "• 3Nd2C>2 Heat in Pt. crucible to
eliminate water. Figure out
the needed amount of
(Measure 8.25 mg).

Put in beaker (20 ml).

Add 10 ml of liquid paraffin as suspension agent-

Uniformed suspension through ultrasonic wave

vibration for 30 "u 60 minuts.

Precipitation of Nd,O^ after 60 ̂  120 minutes centrifugation.

Add about 2 ml of ethyl acetate, and dilute the liquid

paraffin, then take out the liquid paraffin with pippet.

1
e t

ion

T
Eliminate the residual liquid paraffin by heating and

evaporation.

Peel Mylar film off from the bottom of centrifugal tube.

Wipe the residue.l paraffin off.
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Table-2. List of targets produced by the cen-

trifugal precipitation method.

Materia]

A1 2
1 8O 3*

As2O3*

llB*

BaCO3*

CaCO3*

l l l , I 1 2 , 1 1 6 c d 0

1 3 8 , l i f 2 , H i 0 C e O 2

CO

CO2O3

5°'51|Cr2O3

Dy2O3

1 6 6Er 2O 3

151,153EU2o3

5 6Fe 20 3

6 9Ga 20 3

Gal;,*

155,156,157,15BG<J2O3

70,7Z,7i|f 7 6 G e O i *

178,180HfO2*

KIO3

191 ,193Ir*

Thickness
(mg/cm2)

1-5

1-2

1-2

1-3

1-3

0.1-0-5

1-2.5

1-1.5

1-2

2-10

10

1-2

1-4

1-8

20-30

10

1-5

1-2

2-3

0.5-6

1-5

Backing material
(thickness)

Mylar(4M)

Mylar(4M)

Mylar(4M)

Mylar(4M)

Mylar(4M)

Mylar(4M)

Mylar(6»j)

Al(1M) ,Mylar (4M)

Mylar(4M>

Mylar(4M or 8p)

Mylar(4M)

Mylar(4M)

Mylar (4 M)

Mylar(10M)

Mylar (4p)

Al(lp) ,Mylar(4M)

Mylar(4M)

Mylar (4M)

Mylar (4p)

Mylar (6 M)

Mylar(4M) ,A1(1M)
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Material

In2O3

La2O3

LiF*

MgO

Mn*

NaN3*

1<*2, l « , 1U6, l<t8NJ2o3

Ni*

KIO3

201* P b 0

2 c l tPbCO 3*

PreOn

185,187Re

Rh2O3

12 1,123Sb*

SC2O5

8 0 S e *

SeO

SiO2*

iso, lsi.is'.s^og

!12SnO

8 8 S r O

SrCO3*

Ta

Ta2O3

Thickness
(mg/cm2)

10

2-10

1-3

0.5-2

1-2

0.2-"

0.4-3

1-2

6

3

2.5

1-3

3-10

20-40

5-10

0.2-2

0.5-1

1-3

2-5

1-4

20-50

1-2

1-2

1-2

1-5

Backing material
(thickness)

Mylar(4u)

Mylar(4u)

Mylar(6p),Al(lu)

Mylar(4y)

Mylar(4p)

Nickel(ly)

Mylar(4y) ,Carbon (4n!

Mylar,Carbon

Mylar(6w)

Mylar (4p)

Mylar(4u)

Mylar(4u)

Mylar(10u)

Al(2y)

Al(ln),Mylar(4y)

Mylar(4p)

Mylar(4p),Al(lu)

Mylar(1p)

Mylar Uv)

Mylar(4n)

Mular(4p)

Mylar(4u,6p)

Au(lu) ,Mylar (4M)

Mylar(4u)

Mylar(u)
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Material

12 6,128,130Te*

203,205Tx

ThO2

1)7TiO2

Tm2O3

2 3 8UO 3

5 1v 2o 5

18 3 W O j*

Y
2 O 3

171,172Yb2o3*

6"'66ZnO

90 Z r*

9°'91ZrO2

200,202HgO*

Thickness
(mg/cm2)

1-3

2-21

* 10

0.7-1

5-10

1-2

10-40

0.5-1.5

"• 2

2-3

•<. 3

1-2

1-5

3-4

Backing material
(thickness)

Mylar(4u)

Mylar(4p)

Mylar(6y)

Mylar(4u)

Mylar (4 ii)

Al(lOy)

Al(5n)

Mylar (4p)

Mylar(4y)

Mylar(4w)

Mylar(4n)

fll(lu) ,Mylar(4u)

Mylar(4w)

Mylar(3y)

* Mortar vias used to grind the target material

into fine powder.
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Table 3

Changes in thickness during the heat treatment

of natural Nd2O3 target.

In i t i a l amount
100%

95% of i n i t i a l
amount

after the 1st
heating

after the 2nd
heating

after the 3rd
heating

after the 4th
heating

3 days' leaving
in t.he a i r

5 days' leaving
in the air

after the 5th
heating

after the 5th
heating
(in 10 days)

Thickness obtained by
weighing (mg/cm2)*

2.63

2.50

4.22

3.50

3.02

2.73

2.76

2.72

2.82

2.72

Comment

Heating for 20
minutes

ii

i i

n

some water
absorpt ion

hea t ing for 20
minutes

water absorpt ion
from the a i r

hea t ing for 20
minutes

Residual paraffin
2.72 - 2.50 = 0.22 (mg/cm2)

* (The thickness of Mylar backing was already subtracted)
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5mm

Fig. 1. Centrifugal tube made of duralumin:

(1) Polyethylene film ring (200 iim in thickness).

(2) backing film with frame.

(3) bottom disc.
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(A) (B)

Fig. 2 Target frame and Mylar backing: 1. Al fame, 2. backing,

3. binder, 4. Mylar backing.
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Mylar backing f i lm
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143
NCI2O3 on Mylar

35
30

25

20

15

10

5

0

- 5

-10

-15

-20

-25

-30

-35

\ / \

Center

z.

Maximum Deviation
19.2 % or 869/*g/cm2

e
o

13 12 II 10 9 8 7 6 5 4 3 2 I
Distance (mm) •

Fig. 11 Uniformity in thickness of a enriched isotope

target.

-45-



Mylar film (p.p') Ep=52 MeV

50 100 150 200 250
CHANNEL NUMBER

300 350 400

Fig. 12 Spectrum of protons scattered from a Mylar film of

about 0.50 mg/cm2 in thickness.
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Proton Beam

Al holder

(A) Mylar film (4)jm)

(B) Mylar film (10um)

(c) Al on Mylar

(D) Gd2O3 on Mylar

Fig. 17 Experimental arrangement of backings and targets.
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Fig. 20 Parts of the apparatus used for target preparation.
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Fig. 21 Examples of finished targets prepared by this

centrifugal precipitation method.
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Fig. 22 Examples of deposits on Mylar, backing ( 0.5 mg/cm

in thickness)
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Fig. 23 Sizes of samples prepared by this method: Natural

Ed,o, target in the left is 3.20 mg/cm in thickness

and 15 ram in diameter, natural Nd2°3
 i n t h e mi(i<31e

3.44 mg/cm and 20 mm , natural CaCO, in the right

1.80 ntg/cm and 30 mm respectively.

-57 —



Fig. 24 A faint stripe appeared in the center portion of

the target.
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CdO" •

U,25m'g/cnr on Mylar

11 ti « tS W ' »$>'» •

Fig. 25 A CdO terget bombarded by a proton beam of 0.2yA

and 6 HeV in energy. The color of the bombarded

portion was changed to black.
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Fig. 26 A Photograph of very smooth and uniform target of

natural CaCO, precipitated on Mylar backing, which

was prepared from the-powder crushed in an agate

mortar.
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