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CR-39: A Nuclear-Track-Recording Polymer 

of Unique Sensitivity and Resolution 
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Abstract. CR-39 is a commercially available, optically clear, amorphous, 

thermoset plastic in which nuclear particle tracks can be revealed by 

etching in a hot NaOH solution. Its uniformity of response (<1% varia

tion),. high sensitivity (e.g., it records 1 MeV protons, 6 MeV alphas, 

and minimum-ionizi'ng Fe), and superb optical quality make it ideal for 

identification of mass and charge of nuclear particles and for other 

applications. 
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Nuclear-track-recording solids, in which tracks can be enlarged 

to visible size by chemical etching, have found wide application (1). 

For example, such a ~olid can be used to identify energetic nuclear 

particles, because the rate of growth of the conical etch pit that 

develop~ at the intersection of the particle's trajectory with the 

surface is an increa~ing function of the rate of energy loss of the 

particle. The track etch rate is, in principle, nearly immune to the 

energy-loss statistics that plague all other charged particle detectors, 
. 

because it is controlled by the energy density deposited within a few 

tens of Angstroms of the center of the particle trajectory (2). An 

etched detector suffers only negligible fluctuations in response 

resulting from delta-ray generation (3) and ought to provide the 

greatest resolution of any charged particle detection system yet 

developed. In practice, non-uniformities and inhomogeneities in the 

track-recording solids used to date have prevented their theoretical 

resolution from being attained. For example, in Fig. l(a) one can 

see for a Lexan detector the somewhat ragged mouth of an etched track 

and the rough and uneven surface around it--obvious evidence of locally 

non-uniform ~tching that limits detector resolution. The irregularities 

in commercially available Lexan are largely a consequence of the extru-

sian and quenching process by which it is made (4). 

In this paper we report the discovery of the track-recording pro-

perties of a very hpmogeneous polymer called CR-39 with which we have 

achieved a resolution much higher than that for any other track-recording 

solid. In a systematic study of the properties required of a high-

resolution polymer detector, one of us (BGC) concluded that such a 
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material should have (a) high homogeneity and isotropy, (b) high 

radiation sensitivity, and (c) high optical~-t~ansparency and uniformity; 

and that (d) there must exist a stable, non-solvent chemical reagent 

that can accomplish interfacial polymer chain degradation of the 

material. A logical chain of reasoning (5) leads one to conclude that 

the ideal polymer detector should be an optically clear, amorphous, 

non-cross-linking, radiation-sensitive, thermoset material that is 

susceptible to interfacial degradation by a convenient etchant. 

The first material we have found to satisfy these requirements 

is the polymer whose monomer is the oxydi-2, 1-ethanediyl di-2-propenyl 

diester of carbonic acid. The monomer, commerci~dly known as "CR-3911 

(6), presently finds application as the major component in copolymers 

used for eye-glass lenses. Flat plates of a convenient size, 

0.2 -em x 5 em x 10 em, but of variable composition and quality·, are 

·sold at welding supply shops as cover plates for welding shields. 

Cast sheets 1.2 m x 1.8 min area and of quite unifo~m properties are 

available from several suppliers· (7). 

We have exposed welding shield cover plates to 252Cf fission frag

ments and alpha particles (6.07 MeV), to protons of various energies 

(obtained at the 88-inch cyclotron at·the Lawrence Berkeley L~boratory) 

and to 20 GeV argon ions (obtained at the Bevalac, also at Lawrence 

Berkeley Laboratory). Figure l(b) is a photomicrograph showing the 

extraordinary optical quality of the material and of the mouth of a 

track after etching in NaOH solution. The contrast between the pre

cision of the ellipse i~ the case of CR-39 and in the case of Lexan 

speaks for itself. The clarity with which 6.07 MeV alpha particles 
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(and also protons of ~I MeV) are revealed is striking, and the signal 

to noise ratio is unprecedented. 

For one set of etching conditions (6 hours in 6.25 N NaOH at 

75° C), Fig. 2 shows the response of the welding shield cover plates 

to protons, alpha particles, and argon ions as a function of range. 

Assuming that ionization is proportional to Z2 /S 2 , the response to 

argon (Z 

track etch rate, VB is the bulk etch rate, S is the speed of the par

ticle in units of the speed of light, and Z is a constant for a given 
0 

sample. Typically Z ~ 23, but it can be as low as ~20, which means 
0 

this material ought to detect vertically incident, fully relativistic 

ions as light as calcium. This sensitivity is higher than that of any 

track-recording material reported to date. 

With these samples, in contrast to Lexan (1), there is no enhance-

ment of the ratio VT/VB after exposure to ultraviolet radiation. 

VT/VB is unaffected after annealing for one-hour periods at temperatures 

up to - 100° C. VB is characterized by an activation energy of 

0.85 ± 0.05 eV for NaOH etchants. For normalities between 3N and ION, 

VB is approximately linear ·in the normality of the NaOH solution. 

Whereas VT/V
8 

for Lexan increases rapidly during the first day or so 

after irradiation (I), we detect no difference of VT/V8 in samples 

etched minutes after irradiation and in those etched after seven days. 

Figure 3 shows some of the results of our first study of the 

resolution of a CR-39 detector. From a single 0.5 m2 sheet of CR-39 

obtained from Polytech, Inc. (7), we cut many 3 em x 3 em x 0.2 em 

squares, randomly assembled them into two stacks, irradiated both 

-s-



stacks with a beam of 33 GeV Fe ions at the Bevalac , and etched one 

stack for 144 hours at 40° C in 6.25 N NaOH and the other stack for 

21 hours at 70° C. As Fig. 3 shows, the response curves change markedly 

with etch temperature. At all etch temperatures studied (28° C to 

95° C), CR-39 is much more sensitive than Lexan . The sensitivity 

increases with etch temperature, but the resolution, which is related 

to the rate of change of VT/V 8 with range, is best at a low etch tem

perature and an intermediate range. For a sample of 100 Fe nuclei for 

which VT/V8 was measured at -residual ranges between 0.1 and 0.2 cm in 

the stack etched at 40° C, the 100 measurements fit a smooth curve with 

a standard deviation of 1 .34%. This is equivalent to a charge resolu

tion of ~0.09 charge at Fe (assuming ionization ~ Z2/8 2 ) and a mass 

resolution of 0.6 amu at Fe. For the 40° C etch the track etch pits 

were only ~0. 1 to 0.2 mm in length, leading to measurement errors 

(always ~1 to 2 ~m) that could account for most of the spread. The 

actual variability in response is thus smaller than 1.34%. No varia

bility from top surface to bottom or from one square to another was 

detected. 

In another test using 20 GeV argon ions we etched for a longer time 

to produce larger pits and were unable to detect a variation of as 

much as 0 . 5% from one region of the sample to another. These results 

represent an impressive improvement over the ~ 3 to ~8% variability 

typical of Lexan (8). The goal of resolving isotopes of charged par

ticles with mass differences of only 1 or 2% may be attainable by 

etching until the pit lengths are >2 mm, so that measuring errors of 

~2 ~mare unimportant, and by carefully controlling the process of cell 
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casting by which CR-39 is made. 

In conclusion, the sensitivity, resolution, and optical proper

ties of CR-39 are unrivalled among track-recording solids. Even after 

removal of 500 microns by etching, the surface remains glassy smooth, 

in fact, difficult to detect in the microscope in the absence of tracks 

~r scratthes. There ~re ~rounds to hope that with careful ~anufacture, 

this material may be unique among~ detectors in resolving power. 
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Figure Captions· 

Figure 1. Comparison of surfaces of (a) Lexan and (b) CR-39 etched 

in NaOH solution. The thickness of material removed by 

etching was 25 ~m for Lexan and 45 ~m for CR-39. The 

elliptical holes are the mouths of track etch pits that 

intersected the ~urface at an angle. For tR-39 the particle 

fhat produced the track was ~ 0 Ar~ for Lexan it was an 

ultraheavy cosmic ray with Z > 75 .. : The minor ax.is of the 

e 11 ipse for CR- 39 is 80 ~m. The gteater homogene it}/ of 
- . 

CR-39 than of Lexan results in a·far smoother etched surface, 

far more uniform etched track lengths and diameters, and 
::/ .. ,. ' :: 

less variability of response to ~a~iicle~ ot a grven ioni-

zati on rate. 

Figure 2. Data for track etch rate as a function of range for ~rotons, 

alpha particles and ~ 0 Ar ions of various energies in a 

sample of welding shield cover plate made of 80% CR.:.39 and 

·' 
20% an unknown copo 1 ymer. Some samples of pureCR-'39 are 

considerably more sensitive. For example, the reduced etch 
._ 

' rate, VT/VB - 1 , for an alpha particle of 40 ~m range can 

be as 'high as 1.5. 

Figure 3. Response of two stacks of Polytech CR-39 to 
56·::· : 

Fe ions from 
.!' • • • • } 

the Lawrence Berkeley Laboratory Bevafac, compared wfth the 

response of Lexan. The experimental points were obtained 

for Fe tracks in the stack etched 144 hours in 6.25 N NaOH 

at 40° C. The fractional standard deviation of the large 

sample of data at ranges between 0.1 and 0.2 em about a 
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smooth curve is 1.3%. Most of the deviation may be due to 

errors resulting from the limited resolution of an optical 

microscope and could be decreased by etching the tra c ks t o 

a larger size. 
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