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Introduction 
Zerodur [1 ] is a glass-ceramic composite of technical importance in applications where 
temperature instabilites influence optical and mechanical performance. For example, it has been 
extensively used for earthbound and spacebome telescope mirror substrates. Polished Zerodur 
surfaces of high quality have been required for laser gyro mirrors. Recent studies of optics in high 
power laser applications have indicated that the polished surface quality of substrates affects 
performance of high reflection coatings [2,3]. Thus, the interest in improving Zerodur polished 
surface quality has become more general. Beyond eliminating subsurface damage, high quality 
surfaces are produced by reducing the amount of hydrated material redeposited on the surface 
during polishing [4J. With the proper control of polishing parameters, such surfaces exhibit 
roughnesses of <1 A rms. It has been our goal to study Zerodur polishing to recommend a high 
surface quality polishing process which could be easily adapted to standard planetary continuous 
polishing machines and spindles. This summary contains information on a polishing process 
developed at LLNL which reproducibly provides high quality polished Zerodur surfaces at very high 
polishing efficiencies. A continuation of worn is planned to more fully understand the polishing 
behaviors. 

Summary of Experiments 
Guidelines established at LLNL for polishing fused silica were followed with the exception of the 
type of polishing compound [4j. For reasons that are not yet clear, coatings applied to Zerodur 
surfaces polished with zirconia appeared to be more resistant to laser damage than when ceria 
was used in polishing. For this reason, various zirconia products have been studied. Polishing with 
zirconia compounds, however, has often been reported as less efficient; that is, for a given set of 
mechanical polishing conditions the removal rate is lower than with cerium oxide. Using the 
process described here, the polishing efficiencies with zirconia can be as high as those reported 
with ceria (see Table 1). Other advantages of zirconia are the availability of high purity powders 
in a range of sizes. 

' Work performed under the auspices of 'he U. S. Department of Energy by 
Lawrence Livermore National Laboratory under Contract W-7405-Eng-«. 
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The experimental conditions are as follows. A standard method was designed for all polishing 
experiments to ailow direct comparison of the results. Disc samples 4.8 cm in diameter were 
prepared of optical grade Zerodur. Samples were prepolished to remove all subsurface grindinq 
damage on a 120 cm commercial planetary polishing machine. After prepolishing, the surface figure 
was better than X/4 with a roughness of 4-6 A rms. A small, experimental, continuous planetary 
machine consisting of a rotating 35 cm diameter lap and three disc septums with synchronized 
rotation was used. The lap rotation speed of 3 rpm resulted in an effective relative velocity to the 
samples of 5 cm/s. The sample weights were measured to ±0.0001 g. A 416 g lead weight was 
then taped to each disc, resulting in a total weight of -470 g. and a pressure of 26g/cm2. 

A new pitch lap was prepared for each experiment. Commercial Gugolz 73 pitch was used as the lap 
material. The pitch was heated slowly until fluid and then poured onto a prewarmed aluminum plate. 
The plate was then inverted onto a silicon rubber mesh lying on a polyethylene film covered granite 
table. A square mesh was used as a template for grooves in the pitch. The mesh consisted of 0.2 
cm ridges spaced 1.0 cm apart. The pitch was pressed flat in this manner prior to removing the film 
and mesh and placing on the machine. The initial lap temperature of 71°F typically rose 1°F over the 
entire experiment. 

Slurries were prepared at least 24 hours in advance and the pH was adjusted to 4 by adding citric acid 
at that time. The slurry was constantly stirred in a Pyrex beaker prior to its application to the lap. 
The flow rate of the slurry onto the lap was limited to 1.2 ml/min. The slurry was not recirculated, and 
the excess flowed from the lap at the outer edge or into a center well. Prior to adding the samples, the 
lap was conditioned using a 15 cm diameter Pyrex disc for thirty minutes. The conditioner remained on 
the lap for the duration of the experiment. The actual experiment consisted of consecutive ninety 
minute periods of polishing. After each ninety minutes, the samples were removed. The samples were 
rinsed thoroughly with water, wiped with acetone, and then weighed. The temperature and pH of the 
slurry was also monitored at that time. The sample drag (or "grip") was monitored during each run by 
manually pushing the conditioner and a sample a distance of approximately two centimeters and noting 
the resistance. Although this monitoring was not quantitative, comparison of drag between runs was 
categorized as either skating (no drag), low, medium, or high. 

Once the six hour polishing experiment was completed, observations of the surface features using 
Nomarski microscopy were recorded. Surface roughness measurements were then made using an 
optical heterodyne profilometer. The root-mean-square roughness reported is an average of three 
measurements for each sample. A summary of the characteristics of the polished surfaces studied are 
given in Tabh 2. Preston coefficients were calculated from the weight loss data. The Preston 



coefficient is a measure of the efficiency of the polishing process. Because the mechanical parameters 
affecting removal rate are normalized, this coefficient potentially allows comparison with results from 
experiments with slightly different mechanical parameters. In this situation it is more useful than 
simply recording removal rates. The Preston coefficient, C, in cm2/dyne, or cm3/dyne-cm, is given by: 

C = AM 
p L AS 

where AM is the mass of material removed in grams, p is the substrate density in g/cm3, L is 
the toad in dynes, and AS is the total contact path length traveled in centimeters. 

The three major differences between traditional commercial polishing and the new process 
developed at LLNL are: 

(1) The slurry feed rate onto the lap is slow and the slurry is not recirculated. There is enough 
slurry on the lap to maintain a wet surface, but no part of the pitch is submerged at anytime. 

(2) The lap is prepared with a very smooth surface. Deep channels are formed to allow spent 
slurry to move easily from the lap. 

(3) The slurry is maintained near pH 4. Measurements have shown pH 4 to be an isoelectric point for 
Zerodur's glassy matrix [5]. At this pH the slurry does not readily imbed in the lap and pitch glazing does 
not occur. 

All three factors contribute to much higher drag between the polishing Zerodur surface and the 
pitch lap. The higher drag appears closely related to polishing efficiency. The exception is when 
hydrated material redeposits on the polishing surface. Polishing with a slurry at pH 4 helps to 
reduce the amount of redeposited material. It is thought that the low Zerodur surface charge at 
this pH does not attract such material. 
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Table 1. Slurry parameters and Preston coefficients. 

Compound and Manufacturer Average Particle Size' Slurry Cone. Preston Coefficient 
(micrometers) fg/1000ml H?>01 (cm3/dvne-cm) 

1 Zircar ZYP, 6wt%Y203 
77%cubic, 23%monoclinic 

0.78 2 13x10-1 4 

2 Fujima FZ-02 
monoclinic 

05 2 4x10- 1 4 

3 TAMHPZ1000 
monoclinic 

0.71 2 6x10-' 4 

4 •swms 
moncclinic 

0.74 2 W I D * 

5 TAM3009 
monoclinic 

0.74 12 11x10"14 

6 TAM3009:50% 
Zircar ZYP:50% 

- 12 16x10-14 

7 TAM3009:50% 
Zircar ZYP:50% 

- 2 9x10-1 4 

' Horiba centrifugal sedimentation technique 

Table 2. Characteristics of the polished surfaces. 

Slurry rms (A) P-V (A) Comments 

1 0.7 6.0 
2 1.0 7.6 
3 0.6 52 
4 Ofl 78 
5 25 11.0 
6 Ofl 62 
7 05 4.7 

no surface features observed 
very light texture observed 

no surface features observed 
no surface features observed 

light texture observed 
no surface features observed 
no surface features observed 


