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Abstract 

A small, economical rolling mill has found extensive use in the Physics Division Target 
Development Laboratory for producing foils used in atomic and nuclear physics 
experiments. This apparatus is quite versatile for its size and enables a large fraction of our 
target fcil requirements to be realizcd in-house. A description of the rolling mill and some 
examples of targets produced will be given. 
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1. introduction 

Mechanical rolling of the metallic elements into self-supporting foils for use in 
nuclear physics experiments is a straight-forward technique in use for many years [ 11. It 
has proven to be the method of choice for the preparation of thick targets which for many 
reasons cannot economically be evaporated. Indeed, only very small amounts of precious 
isotopic material is needed for rolling with any excess scrap produced easily recovered to 
be used again. 

At the Argonne National Laboratory (ANL) Physics Division target facility we have 
employed the rolling technique to produce a wide variety of foils for numerous purposes 
covering isotopes over most of the periodic chart. These include rolled targets of surface 
densities of 0.5 to 1 .O mg/cm2 for gamma-ray experiments and for use at the Fragment 
Mass Analyzer (FMA). In some instances, thick targets are needed for gamma-ray 
spectroscopy wheE the recoiling nuclei axe stopped within the target. The thick backing 
foils required for these targets are produced by rolling. Another area where rolling is 
employed is for the preparation of various filters and for the windows needed for detectors 
and gas cell targets. 

In this work we will describe a small, economical rolling mill and the simple 
techniques that we employ for the production of these targets and foils. 

2 .  Description of the Apparatus 

SE/EX electric rolling mill obtained from Frei & B o d ,  Oakland CA 94604, USA. It 
consists of two hardened and polished rolls of width 120 mm working size and diameter of 
60 mm. The maximum roll gap is 10 mm. The rolling mill is electrically operated by a 1-1/2 
HP motor (1 10 VAC, 60 Hz), providing a roll speed of 10 RPM. Its small size and 
economical price makes it a very attractive. We have placed the rolling mill on a movable 
tool cabinet for easy relocation when necessary. A photograph of the apparatus is shown in 
Figure 1. 

The apparatus employed for mechanical rolling of metal foils [2] is a Durston Type 

Besides the actual rolling mill, a variety of auxiliary equipment is required. This 
equipment includes hand presses for the consolidation of material, various furnaces for 
I'eductions and annealing, and precision laboratory balances for the measurement of the 
foils. 

2. I Rolling Technique 

Although in some instances direct rolling may be possible, the pack rolling method is used 
to obtain the thinnest foils. For the preparation of the pack we start with polished stainless 
steel of thickness 0.041 cm obtained from Northern Illinois Steel, Co., Channahon, IL, 
USA and sheared to a size of approximately 5 cm x 12.5 cm which is then folded in half. 
The polished surface of the stainless steel is protected by a plastic covering which is 
removed before folding. The folded stainless steel pack is then flattened by rolling. The 
pack is now ready for the sample to be rolled. 

prevent growing cracks within the sample. After a couple of passes the sample is rotated 
and the gap decreased slightly. When the thick irregularly shaped sample becomes large 

Normally we employ the method of pack rolling for target and foil production. 

With the sample in place within the pack the rolling begins, slowly at first to 



3 

enough, it is trimmed to roughly square in shape. The rolling proceeds and after several 
passes the sample is rotated by 90 degrees and the gap decreased. Figures 3a through c 
shows a photographic depiction of this rolling process. It is difficult to estimate reduction 
in thickness per pass; it depends highly upon the ductility of the material being rolled. 
When the sample becomes larger, it is trimmed between weighing paper with scissors, 
keeping it square in shape and removing any cracks which form near the edge. Thickness 
determinations are made by accurately measuring the area of the foil and then weighing on 
the analytical balance. 

2.2 Sample Preparation 

Sample preparation for rolling depends upon the form of the starting material. In 
some instances we may be able to begin with a thick foil which only needs to be reduced in 
surface density to the desired thickness needed for the experiment A hand press and 
compaction dies art used for consolidation of scrap foil from previous attempts and for 
powdered samples. The compressed pellets are then melted either by electron beam 
bombardment under vacuum or in an inert atmosphere tube furnace. The pellet or melted 
bead is then flattened using a hand press or a hammer. The flattened metal sample is placed 
within the stainless steel pack and the rolling begun. 

3 .  Some Examples of Foils Produced for Nuclear Physics Experiments 

As stated earlier, a wide variety of metallic foils of various thicknesses are needed 
for all aspects of atomic and nuclear experiments carried out at the Argonne National 
Laboratory ATLAS Accelerator Facility. In Table 1 we list the foils and targets produced 
for these experiments. This is by no means a complete listing; it is merely representative of 
the targets and foils produced and the lowest surface densities obtained thus far. For the ten 
years since the purchase of our rolling mill we have seen an increase in the demand for 
these types of targets and foils. Figure 2 shows this production of rolled targets by year. 

We will now present some examples covering the main types of targets and foils 
produced and describe the techniques involved in their preparation. 

3. I Rolling of Rare-Earth Metal Foils 

'L'here exists a demand for targets of the rare-earth metals for the gamma-ray 
spectroscopy experiments performed at the ArgonneMotre Dame Gamma-Ray Facility and, 
more recently for experiments using AYEBALL (Argonne-Yale-Eurogam Collaboration) at 
ANL and GAMMASPHERE at Lawrence Berkeley Laboratory (LBL). The targets 
provided have been self-supporting foils as well as deposits on thick gold and lead 
backings used for stopping the recoils. The techniques described for the preparation of 
these targets has been previously described [3]. The method of choice for the preparation of 
self-supporting foils in this thickness range (i.e. 0.5-1 mg/cm2) has been that of mechanical 
rolling. 

With the exception of europium, rare-earths from samarium through lutetium and 
many of their isotopes have been rolled as metal foils. In some instances these elements 
have been obtained as metal foils and thinned down to below 0.5 mg/cm2 by mechanical 
rolling. The elements of terbium, holmium, thulium and lutecium, which are monoisotopic, 

obtained as metal and prepared for rolling by first melting into a small bead under 
vacuum using an electron beam gun system [4]. No special precautions of rolling these 
metals under an inert atmosphere proved necessary, as long as one works quickly and 



guards against static charge. The foils are handled within a static-controlled laminar flow 
clean bench. 

The stable form of the separated isotopes of the rare-earths is usually the oxide of 
the element and, hence, must first be reduced to the metallic form and then consolidated for 
rolling. (See for example [5,6]). Using the pyrometallurgical reductionldistillation 
procedure described by Kobisk and Adair [7], a small bead of the metal is grown on a 
tantalum plate positioned a few millimeters above the pinhole boat containing'the oxide and 
a suitable reducing agent. In some instances this deposit may be rolled directly after relcase 
from the tantalum plate. We have obtained success using this procedure for producing foils 
of samarium and ytterbium. This method has also been applicable to the rolling of calcium 
and magnesium reduced metals. 

3.2 APEX Targets 

For the recent APEX experimental effort at ATLAS, a large number of tantalum and 
thorium rolled targets were required [8,9]. The tantalum foils were prepared by pack 
rolling, starting usually with 0.005 cm tantalum sheet which was readily available in the 
laboratory. The target foils were of 1 mg/cm2 surface density and were mounted on the four 
quadrant target frames of 2.62 crn2 open area comprising the APEX target wheel. Figure 4 
shows a photograph of one such completed target wheel. Thickness of these targets was 
determined by alpha particle energy loss measurements which has been described 
elsewhere [ 101. Some tantalum foils of 0.6 rnglcm2 were also prepared. 

Thorium targets were also needed and were produced in the Physics Division 
Radioactive Target Facility [ 1 11. For this effort the rolling mill was relocated temporarily to 
this laboratory. Thorium foils of 1 mg/cm* thickness were prepared by pack rolling as 
above and mounted onto the APEX target wheel frames. Surface density determinations for 
these targets was accomplished by weighing foils of known area. 

3.3 Cadmium and Zinc Foils 

Recently, investigations have been made into the electrochemical reduction of the 
wides of cadmium and zinc. Using the method described by Heagney and Heagney 
[5,12], both cadmium and zinc metal powder samples were reduced and consolidated for 
rolling. Using an acetic acid solution containing the dissolved oxide as described, reduction 
efficiencies approaching 99% have been achieved. The reduced material is washed 
repeatedly in distilled water and dried under argon gas. The resulting metal powder is 
compressed in a compaction die and rolled directly in a stainless steel pack. Foils of 
cadmium and zinc with thicknesses of 1 rns/cm2 have been produced by this method. 

3.4 Carbon Targets 

Attempts to prepare thick carbon targets by pack rolling following the method 
previously described by Richaud [ 131 has shown moderate success. Self-supporting 
carbon targets of 43 and 28 mg/cm2 thickness have been produced. The starting matend for 
these foils was 0.076 cm graphite sheet and 0.038 cm graphite tape obtained from 
McMaster Can, Chicago, IL, USA. According to the manufacturer, there is no binder 
present in these materials. Baking and outagassing of the material before rolling to achieve 
thinner foils still needs to be investigated. In Figure 5 we present a photograph displaying 



the graphite sheet and tape used to produce the thick carbon foil targets shown by 
mechanical rolling. 

4 .  Production of Filters and Windows 

In addition to the many nuclear target foils needed for the heavy-ion physics 
experiments, numerous other types of foils have been produced by rolling for use as 
degraders, strippers, filters and windows for detectors and gas cell targets. 

4.1 Energy Degrader Foils 

For experiments performed to study the production of heavy nuclei and the 
observation of their subsequent alpha decay, a new implantation system for the FMA focal 
plane has been developed [ 141. It uses a double-sided silicon strip detector (DSSD), with 
48 strips per side. The strips on the front are orthogonal to those on the back, giving a 
quasi-pixel  structure^ Radioactive ions arc implanted in this detector, and their subsequent 
proton and alpha decays observed. Nickel foils of areas ranging up to 10 cm2 have been 
prepared with thicknesses from 1-3 mg/cm2 and placed in front of this silicon strip detector 
as an energy degrader. The velocity of the recoils entering the detector needs to be reduced, 
in some instanas, in order to optimize the implantation depth. 

4.2 Synchrotron Radiation Studies 

Foils of Ti, Fe, Co, Ni, Cu and Z n  ranging from 0.5 to 6 mg/cm2 were produced 
for use as x-ray filters in recent synchrotron radiation studies of double photoionization of 
helium at BESSY in Berlin [15]. In order to eliminate spurious ionization, stray light 
effects were suppressed by using a succession of filters. These filters provided absorption 
of unwanted low energy photons. At 280 eV only a small amount of ionization was 
observed using a Cu foil filter of thickness 318 ug/cm2. At thii thickness the filter should 
have about a 60 % transmission. 

Several foils of Pd, Ag and Cd in the thickness range of 2-30 mg/cm2 were 
prepared as filters for similar measurements of the photo-attenuated cross section of helium 
that were carried out at the NSLS (National Synchrotron Light Source) at Brookhaven 
National Laboratory. 

Photon Source ( A P S )  the demand for these type of foils should increase. 
With the advent of new atomic physics studies beginning at the Argonne Advanced 

I 4.3 Gas Cell Windows 

RecFpt experiments at ATLAS involving the production of "F secondary beams 
employing 0 beams incidept on a hydrogen gas cell, required the production of Havar 
foils windows of 1.9 mg/cm surface density [16]. This hydrogen gas target cell is 7.5 cm 
in length and has thin Havar 3indows at each end. Thisprovides an effective hydrogen 
target thickness of 250 pdcm . For the two 1.9 mgkm Havar windows, the small angle 
scattering is on the order of +/- 1 degree. The pressure inside the cell is maintained at 300 
torr and a temperature of 275K. The 0.00023 cm Havar foil, obtained from Hamilton 
Precision MetaIs of Lancaster, PA, USA, is cut into a circle and epoxied to a mounting 
ring with an inner diameter of 1.27 cm. During the experiment these windows withstood a 
250 pnA beam of 83 MeV "0 at H2 pressures of up to 460 torr. 

For thinner windows, which would be desirable in order to reduce the angular and 
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energy straggling, the Havar foil was rolled to approximately 1 rng/cm2 surface density. It 
is difficult to obtain leak tight foils much below this thickness due to the development of 
pinholes in the foil. Pressure tests wep conducted with this gas cell target using Havar, as 
well as titanium foils of 0.8-1 mg/cm thickness prepared by rolling in our laboratory. 

Restarch un&rway using the Physics Division Dynamitmn Accelerator involves 
the production of radioactive secondary h s  by employing a gas cell production targt  
using thick Havar, Ti, Ni and Cu foil windows. Preliminary testing has begun using a 
prototype gas cell fad with neon to pressures of 1.1 bar [17j. Further work on this gas 
cell target using various windows is in progress. 

, 5 .  Conclusion 

In conclusion, the method of rolling has found an increase of use for the 
preparation of the targets and foils needed for nuclear and atomic physics experiments 
perfoxmed at Argonnc National Laboratory. The small, economical rolling mill we employ 
has proved versatile for a number of these applications and is s u e  to be relied upon heavily 
in the future. 
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Tables 

Table I - Rolled Foils Produced in the Physics Division Target Laboratory. 
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Figure 1. 

Figure 2. 

Figure 3a. 

Figure 3b. 

Figure 3c. 

Figure 4. 

Figure 5. 

Photograph of the rolling mill. 

Plot of Rolled Foils Produced by Year. 

Close-up photograph showing a thin metal foil within the stainless 

Close-up photograph showing the pack containing the foil as it 

Close-up photograph showing the foil beiig rotated 90 degrees and 
readied for another pass through the mill. 

Photograph of tantalum targets and APEX target wheel. 

Photograph of the graphite sheet and tape starting material used to 

steel pack about to be rolled. 

enters the rollers. 

produce the thick carbon foil targets shown by rolling. 



Table I - Rolled Foils Produced in the Physics Division Target Laboratory 
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