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COMPOSITION VARIABILITY AND EQUIVALENCE OF SHONKA TE PLASTIC *

NOTICE                            4'rhis report was prepared as an account of work John J. Spokas
sponsored by the United States Government. Neither
the United States nor the United States Energy Physical Sciences Laboratory
Research and Development Adrninistration, nor any of Illinois Benedictine Collegetheir employees, nor any of their contractors,' subcontractors, or their employees, makes any
warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or
process disclosed, or represents that its use would not ABSTRACTinfringe privately owned rights.

A number of conducting plastic mixtures  had been developed by Francis R. Shonka,
and collaborators. in the Physical Sciences Laboratory of Illinois Benedictine College
(formerly St. Procopius College). Several of these mixtures-been used widely
in radiation research. In particular, a tissue-equivalent<  scle) ormulation de-
signated A-150 has been used extensively in the dosimetry, research and measurements,
of gamma, neutron and pion beams. Certain confusion has arisen concerning the
composition of A-150. The definition of A-150 will be reviewed and what is known
of the composition will be summarized. The equivalence of A-150 and ICRU "muscle"
with respect to photons will be discussed as a function of photon energy using the
latest data on extra-nuclear photon cross sections.

r

The advantages of employing materials which simulate biologically important substances,

such as muscle and bone tissue, to measure absorbed dose in these tissues are well estab-

1lished. Basically, a material, which is truly equivalent to a given biological material

of interest, greatly facilitates the accurate determination of absorbed radiation dose in

that material. One merely fashions a radiation sensor, such as an ionization chamber or

counter, out of the equivalent material. The response of the sensor is readily related to

absorbed dose according to well established cavity and other theories. An important pro-

perty which a practicable material must possess for use in chambers and counters in addi-

tion to equiva|ence is, of course, electrical conductivity of a suitable magnitude.

When Francis Shonka accepted the challenging problem of making conducting tissue-

* Paper presented at the Meeting of the Radiation Research Society, Miami Beach,
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equiva|ent materials near|y twenty years ago, a tru|y satisfactory solution did not exist   -

although numerous attempts had been made. Shonka's approach, not at all unique, in-

volved combining plastics in various proportions with extremely finely divided carbon

black added to obtain sufficient electrical conductivity and other fine powders added to

obtain the required matching to a particular substance. In order to achieve the neces-

sary high degree of homogeneity in such mixtures as well as stable electrical conductiv-

ity and mechanical properties, Francis Shonka invented a special plastics mixer.  This

mixer, which is a remarkable gadget because of its simplicity and what it does achieve,

mixes the ingredients much more intensively than ordinary plastics mixers and blenders.

A number of successful mixtures, including a tissue-equivalent (muscle), were reported

in a paper authored by Shonka, Rose, and Failla, which was presented at the Second

International Conference on the Peaceful Uses of Atomic Energy in Geneva during

2September of 1958. That paper which was published in the Proceedings of the Con-

ference and also in "Progress in Nuclear Energy" Pergamon Press, has been extensively

rdferred to in the literature.

I was reassigned to head our Physical Sciences Laboratory following the death of Francis

Shonka in October of 1970.   I soon began receiving many inquiries concerning the

Shonka TE - muscle plastic.   It was such that prompted me to determine as well as possi-

ble  from the available information  the com positions  of the various successful mixtures

which had been developed in our laboratory. It became clear rather soon that certain

misconceptions prevailed concerning the composition. of. the Shonka TE:plastic.  It is

feared that I also may have played a role unwittingly in some subsequent confusion

that developed.
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1 should, therefore, like to review as positively as possible the situation regarding the

compositions of the various successful TE - muscle mixtures that were developed princi-

pally by Francis Shonka. The discussion here will be restricted fo specifically muscle

mixtures. A paper in preparation will cover several other types of mixtures.     The  pho -

ton total attenuation and photoel ectric cross sections have been calculated for  each of

these materials over the energy range of 10 KeV to 8 MeV using the atomic cross sections

3as compiled in the ENDF/8 data file . These photon cross sections are the most com-

plete and up-to-date that we are aware of and are perhaps also the most reliable.

The particular TE mixture which has by far the widest circulation and most extensive

use is that which has been designated A-150.  This was intended to simulate wet muscle

with respect to photons and neutrons over a broad range of energy. The popularity of

A-150 may be a contributing factor to the misconceptions concerning its composition.

The first slide (Slide 1) gives the definition in terms of the four components which are

intensely mixed under temperatures in the vicinity of 350 °F in the special Shonka mixer

to obtain the product known as A-150.

The first and perhaps most important point to note is that the composition of A-150 is

not the same as the TE - muscle described by Shonka, Rose and Failla in their Geneva

Conference Paper. The latter mixture involved a fifth ingredient, silica, in addition

to  the same four employed  in A-150. Furthermore, there are significant differences

in the concentrations of the various ingredients between the two mixtures.  Many ref-

erences  in the literature,  too num erous  to  list  here,   can be cited where  the com position

given in the Geneva Conference Paper is quoted as the composition of A-150.



-4-                                               -

Secondly, there is absolutely no evidence that the designation A-150 had ever been

employed in our laboratory for any composition other than that given on this slide.

Credit for applying the designation A-150 to other mixtures, such as that described in

the Geneva Conference Paper, and for mis-stating the composition of A-150 must be

given to others.  To be sure, slight unintentional and uncontrolled variations may have

occured between batches of A-150 mixed on different occasions. The design percentages,

however, have been strictly invariant.

The only ambiguity and variation in A-150 concern precisely what has been used as

the nylon component.   The very first batch of A-150 employed Zytel 31. Some other

early batches may have invilved Zytel 61 . However, Zytel 69 was relatively quickly

settled on for the nylon component and was used in substantially all the A-150 that has

ever been prepared. The other Zytels were only used in small batches where quantities

Sufficient to test the mixture were prepared.

It is interesting, to note that the first batch of A-150 was mixed in June of 1958, iust

prior to the Geneva Conference. The Shonka, Rose and Failla paper was likely in pre-

paration at the time. Doubtlessly the superiority of the new mixture over the many others

prepared around the same time had not yet been firmly established. By November of 1958,

however, the decision seems to have been made to settle on the A-150 mixture as a stand-

ard TE - muscle conducting plastic with Zytel 69 as the nylon component.

More should be said of the nylon component in A-150 as this has been the source of some

uncertainty and, indeed, a certain variability in the mixture. The second slide (Slide 2)

summarizes the situation up to the present time.  Here are shown iust the hydrogen and
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nitrogen concentrations in Zytel 69 as assumed or stated by different sources. The first
.

listing corresponds to the chemical formula which Shonka assumed f6r Zytel -69 and em-

ployed in all of his calculations as far as·can be determined. When Francis Shonka

endeavored to have the composition verified, he only managed to elicit from DuPont the

hydrogen and nitrogen concentrations shown and that the onl y other el ements present were

carbon and oxygen besides 0.01 percent of sodium.  This is rather surprising in view of

the insistence and perseverance that so characterized Francis Shonka:

The third set of values shown is based on a chemical formula for Zytel 69 which must be

credited to my own imagination. This formula requires some explanation. It 6othered us

that Shonka's assumed formula was,so much at variance with the information supplied by

0.

the manufacturer. After all, who should knowbetter what is in a product than the one

who made it.   It was assumed that Zytel 69. has equal fracti6ns of nitrogen and oxygen

atoms, a characteristic of pure nylons.  Thus the chemical formula may be written as
1'.

shown in footnote 2 where the. subscripts x and y need to be determined. One merely ex-

presses the hydrogen and nitrogen concentrations in terms of x and y and equates them re-

spectively to the values given by DuPont. The resulting equations are readily solved for

x and y. As atoms are indivisible, only integral values of x and y are acceptable.  Non-

integral values would positively indicate a breakdown somewhere  in  the proc edure.

It was startling  to  find  that  this proc edure produc ed the value  of  26.99  for  y  and  15.16

for x.  While this may not fully vindicate the procudure, it certainly does not condemn

it.  It seemed clear at.the time, July, 1972, that one had here a ihore accurate repre-

sentation of Zytel 69 which was in agreement with information furnished by the manu-

facturer.  Thus, this formula was used in determining the concentrations of the elements

in A-150.
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The last entry gives new concentrations that DuPont furnished in September, 1972.  We

are indebted to Leo Goodman for offering this information to us.· This illustrates the only

known variability in the composition of A-150. Evidently either there had been a vari-

ation  in. the composition of Zytel  69 or DuPont had achieved a greater understanding of

their product between 1958 and 1972.. As will be illustrated, these uncertainties incom-

position have an extremely minor effect on the photon equivalence of A-150.

The next slide (Slide 3) shows the results of our recent calculations of the photon total

attenuation cross section in A-150. As mentioned previously, the ENDF/8 data was

used in the calculations. The precent difference in total.attenuation relative to ICRU
4muscle as defined in NBS Handbook 62 is plotted against energy for three different

A-150 compositions. The energy scale is logarithmic and extends from 10 KeV to 10

MeV. The composition plotted as open circles, is that based on Francis Sbonka's as-

sumed Zytel 69 formula. That shown by open squares is based on the Zytel 69 formula

which we invented. The third A-150 composition is based on the composition of Zytel

69. given by DuPont in September, 1972. Clearly the differences between the three com-

positions are slight indeed, being only a few tenths of one percent except at energies of

20 KeV and lower. Secondly, an excellent match exists from 1 50 KeV'to  2 MeV where

the percent difference relative to ICRU muscle is of the order or less than 0.5.

The following slide (Slide 4) shows the same data on an expanded vertical scale in order

to ampli fy the differences between the three compositions.   One can see that· the com-

position derived from our invented Zytel. 69 formula yields.a result which :is intermediate

.relative  to the other  two.
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The next slide (Slide 5) shows the,.photoelectric .c*oss section for the same three A-150

compositions over the same energi'.range.  Aga.in, the percent differences.relative to

ICRU muscle are plotted along the ordinate axis. Iwo ifeatures are seen to standout.

Firstly, the extreme differences among the·three compositions are greater,by an average

factor of about two or more. Secondly, the degree of matching to ICRU muscle is gen-

erally poorer. The photoel ectric cross sections fall  off at low energy, perhaps  not  as

precipituously as the total attenuation, but starting at higher energies. For example,

at 100 KeV the relative photoelectric cross section is -5 percent while the total atten-

uation is only -1 percent. Interesttingly, the two compositions which were most diver-

gent in terms of total attenuation are the two which agree most closely in terms of the

photoel ectric cross section.

The next slide (Slide 6) presents the composition of two other successful TE - muscle                   1

conducting plastic mixtures which Francis Shonka developed. The composition  of  A-1 50

is  repeated  in this listing for ready comparison. The mixture designated A-1 74 had been

referred to by Shonka as "new muscl e" and seems to have been first prepared in 1965.

One distinguishing feature of this mixture is that it uses no nylon and obtains nitrogen,

which may be important to obtain the proper neutron response, in the form of S;3N4.

The formulation shown on the slide as A-116 is a special mixture which Shonka designed

in collaboration with Raiu. This mixture was designed to simulate muscle with respect

to pions. It seems that only a single batch was prepared of this mixture during 1968.

The next slide (Slide 7) shows the difference in total attenuation with respect to ICRU

muscle  for  A-174. The corresponding calculation  for  wat er is given. To facilitate  com-
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parison, the results shown previously for A-150 are repeated here. The results. for A-116

are not shown fpr two reasons. Firstly, the graph would become too cluttered. Secondly,

A-116 was designed for pions and so it is unfair and possibly misleading to compare this

mixture with ICRU muscle as far as photon attenuation is concerned.  It is readily seen

that the degree of matching of the three substances is quite comparable over most of the

energy range considered. The deviations are greatest below 50 KeV. Furthermore, there

is a decided improvement in A-174 over A-150.

The final slide (Slide 8) shows the calculations  of the photoel ectric cross section  for  the

same three materials in the same terms and over the same span of energy.  It is interesting

to observe the much poorer match to ICRU muscl e that exists. Furthermore, a reversal

occurs such as was seen earlier, particularly at the higher energies. A-174 yields the

poorest match here whereas  it  was  best in terms of total attenuation  and A-150  now  pro-

vides the best simulation of ICRU muscle above 200 KeV. However., none of the three

substances gives a really good match of the photoel ectric cross section over the entire

range of energy considered.

In conclusion it is stressed that the composition of A-150 as defined on the first Slide

has been quite definite and inviolate over the years.  The TE - muscle compositions

defined by Shonka,  Rose and Failla in their 1958 Geneva Conference Paper may have·

been purely hypothetical, most certainly were never made in appreciable amounts, and

without a doubt do not represent A-150.  The only known variability and uncertainty in

the composition of A-150 involve the nylon component. However, this has a minor

effect on photon equivalence. Recent calculations, using perhaps the best photon cross
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sections available, show that A-150 is a good match for ICRU muscle at higher energies,

200 KeV to 4 MeV, but deviates increasingly in going to lower energies.

Anyone with particular viewpoint concerning the design of TE - muscle is invited to

contact us in order that that viewpoint may be considered with reference to the possible

development of a new mixture.

Finally, the stimulation to this work which discussions with Leo Goodman and Lowell

Anderson provided are acknowledged. The significant help of Frank Williamson is also

gratefully noted.
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SHONKA TISSUE-EQUIVALENT (MUSCLE) CONDUCTING PLASTIC

A-150

COMPONENT PERCENT BY MASS

POLY ETHYL ENE (Marlex 50) 45.14

NYLON (Zytel 61 or 69) 35.22

CARBON  (Vulcan XC-72) 16.06

CALCIUM FLUORIDE (Flourspar) 3.58

100.00

Slide 1
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SUBSTANCE PERCENT BY MASS

HYDROGEN N iT RO G EN

r H NO 9.8 12.4
-6 11

7. YTB. 69
1

10.1 10.4

2
r  H  N O 10.2 10.5-15  27  2  2

ZYTEL 693 10.35+.05 9.95 +   :25
-                   -

1

As given to Dr. Shonka by DuPont ,  December 1958.

2   Based on the formula C H N.02 for Zytel 69 and the December 1958 percentages
x y z

given by DuPont, y = 26.99 and x = 15.16.

3
DuPont, September 1972.
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PHOTOELECTRIC CROSS SECTION - PERCENT DIFFERENCE RELATIVE TO ICRU MUSCLE
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COMPONENT PERCENT BY MASS

A-150 A-174 A-116

POLYETHYl ENE 45.14 n.38

NYLON 35.22 54.58

CARBON 16.06 17.94 24.02

SILICON NITRIDE 8.75

Sll ICA 16.88

CALCIUM FLUORIDE 3.58 1.93 4.52

100.00 100.00 100.00
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-9                   14                  -                   -Ln                                                0                                                 0                                                 0                                               Ut                                                 0                                                  0

0   1    1  1  1  1  1  1  1  1  1  1  lilli   1  1/1  1    1     lili  1  1  1  1  1  1  1  Ill

3

8

4

-

8

2
2  83a =
00                                                       0              +              O

m§ C               >               b
-1
- - --          2          8

§

M

i              B
-

3
IllllllIII1I1 1 1 1 1 1 1 1  1/1/1 1 1 1 1 1 1'I l l

A    t,    r   :*


