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( PREFACE

The work reported herein was done under Procurement

Instrument Number DAAK70-85-C-0100, August 22, 1985, awarded in
response to SBIR proposal ior Topic A-59 in Solicitation DOD85-1.
The work was done in the laboratories of Polar Materials, Inc.
during the period August 22, 1985 to April 22, 1986. The
Principal Investigator was Dr. Derek Shuttleworth until March 1,
1986, at which time Dr. Shuttleworth was replaced as Principal
Investigator by Dr. George W. Walpert. Other contributors to the
project include Dr. Malcolm L. White, Consultant and Staff member

at the Sinclair Center for Surface and Coatings Research at Lehigh

University, Dr. H. Ronald Thomas, President of PMI, Terry J.

Hafford, Paula J. Battavio, and Robert J. Babacz, staff members at

PMI.

The Contracting Officer's Representative was Louis H.

Tagliaferre, STREB-GP, who was kept informed of progress

throughout the project. The contract was originally scheduled to

cover the period August 22, 1985 to February 22, 1986, but a

60-day no-cost extension was requested by letter from Dr.

Shuttleworth to Mr. Tagliaferre dated February 13, 1986, and

acknowledged by telephone by Mr. Tagliaferre.

The SBIR proposal proposed utilizing part of a Post-Doctoral

appointment at Lehigh University to use non-uncursive in situ

analytical techniques to characterize the plasma polymerization

process and seek relationships between plasma parameters and

product characteristics. Unfortunately, recruiting efforts for

the post-doctorial fellow were not successful, and this portion of

the project was not done. The monies budgeted for the

post-doctorial effort were diverted to staff members at Lehigh

University for product characterization, test development, and

testing.
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ABSTRACT

' ' Three different materials, thiophene, hexamethyldisiloxane,
and hexamethyldisilazane were deposited on mild steel coupons by
low temperature radio-frequency plasma polymerization.
Statistically designed experiment matrices were utlized to screen
a range of operating conditions and optimize coating properties.
For two of the materials, a narrower range of conditions was used
to produce coating weights of about 400 micrograms per square
centimeters, and these coatings were evaluated for corrosion
protection and coating physical properties.

Coatings were produced which yielded 256 hours in air-bubbled
salt water to 95% corrosion. Uncoated coupons in the same test
rusted to 95% in six hours. The best coating was deposited at a
rate of 4 micrograms per square centimeter per minute, but
reasonably good coatings were produced at coating rates of 20 to
30 micrograms per square centimeter per minute.

The feasibility of corrosion protection coatings using low
temperature plasma polymerization has been established by this
project, but much process and product development remains for
commercialization. Recommendations for continued development work
are discussed in this report. k
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INTRODUCTION

This report presents the results of a study to determine the
feasibility of using non-equilibrium plasma polymerization to
produce coatings for corrosion protection and flow enhancement on
the inside of pipes.

The low temperature, or non-equilibrium plasma is currently a
procedure of significant importance in semiconductor fabrication
(1). This development paves the way for other applications of low
temperature plasma by the development of equipment for routine use
and by development of some understanding of the principles
governing plasma technology. Low temperature plasma, therefore,
affords considerable promise as a source of protective coatings
for use in a diversity of applications.

An opportunity exists to devise coating procedures in which
thin films of high performance material can be deposited at
relatively low cost. The challenge and the opportunity is to
obtain coatings that are hard, chemically inert, of low
permeability to oxygen and water, strongly adhering and low in
defects, such as pinholes. Plasma methods afford the capability
to produce such films, and represent a higher probability of
success than other methods.

A particularly flexible plasma method for the production of
thin films is plasma polymerization (2, 3, & 4). In this process,
volatile materials are caused to react at essentially room
temperature in a gas plasma sustained by high frequency electrical
power. The state thus produced is highly reactive, populated by
radicals, electrons, ions, metastables and electromagnetic
radiation extending into the ultraviolet (5). Energies up to 40
eV are available which is to be compared with typical chemical
energies of 3 to 10 eV. Many reaction pathways are opened in an
organic gas plasma leading to rearrangement of the starting
material and/or deposition of polymeric material on surfaces in
the plasma zone (6). Under the appropriate conditions, materials
generally not considered to be monomers, eg. benzene, xylene,
butane, or even methane gas can be deposited as thin, eg. one
micron, coatings which are pinhole-free, conformal, strongly
adhering, and crosslinked to the point of being insoluble in
common organic solvents.

Such coatings have been produced for the subject study of
this report from three starting materials, thiophene,
hexamethyldisiloxane and hexamethyldisilazane. Corrosion
resistance of the films, and their physical properties have been
measured and to some extent these responses related to process
conditions.

One of the objectives as stated in the SBIR proposal was to
develop coatings for corrosion protection and flow enhancement.

-1--
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L One of the criteria for selecting starting materials was to
produce coatings with a range of surface energy, intending to
study the effect on resistance to flow. However, informal
discussions with Navy investigators on fluid flow projects
convinced this author that fluid flow is dominantly controlled by
surface topography (and the character of the fluid) and that

. efforts to enhance flow by surface chemistry offered little
probability of success with a cursory effort. In addition, the
effort required for the investigation proved to have been
underestimated in the SBIR Proposal, and the election was made not
to pursue the flow enhancement objective.

i
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EXPERIMENTAL

A. PLASMA EOUIPMENT

A laboratory scale vacuum plasma polymerization reactor of
six-inch diameter glass was set up with monomer flow controllers,
vacuum gauges, R.F. (radio frequency) power supply, and vacuum
pump.

Flow was controlled by Datametrics Type 825 mass flow control
valves, Datametrics Type 1511 multi-channel digital display flow
controller, and ball-float flow tubes, Air Products E29MI50MMI and
E29C150MM2. Pressure was sensed and controlled by a Datametrics
Type 1500 digital pressure display and power supply, a Datametrics
Type 621 Barocel pressure sensor, an MKS Type 252A exhaust valve
controller to maintain constant pressure in a vacuum system, an
MKS Type 253A-1-40-1 throttling valve to regulate the removal of
gas from a vacuum chamber, and a Varian thermocouple vacuum gauge
804-A. The R.F. power generator, ENI Power Systems Model HF-300,
was used with A Heathkit SA2060-A manual impedance matching
network. The Varian CD300 mechanical vacuum pump was fitted with
a 345 foreline trap filled with molecular sieve material. A
Mathis Model TM-100 thickness monitor was set up in the reactor
sleeve but eventually malfunctioned, and its use was discontinued.

The cross-shaped glass reactor was equipped with a rotating
copger heated stage capable of operating at temperatures up to

' 400 C. Temperature was initially read on a Eurotherm Model 983
digital indicating controller and then an Omega Model 199KC

( digital temperature indicator. Both units experienced problems
with interference from the pick-up of stray RF power. Temperature
was finally read on an Omega Model 7045-K-1500 analog pyrometer.
For experimental runs without substrate heating, a stainless steel
rotating stage was used. A schematic diagram of the system is
shown in Figure 1.

B. MATERIALS

Monomers and gases used included thiophene (Fisher
Scientific), hexamethyldisiloxane (HMDSO) and hexamethyldisilazane
(HMDSN) (both from Petrarch Systems Inc.), oxygen and argon (both
from Air Products). Substrate materials were 0.5 mm thick, smooth
finish, steel Type OD O-Panels, ASTM specification D609.3B.

9 C. OPERATING PROCEDURES

The O-Panels were cut into desired sizes, washed with
trichloroethylene, and stored in desiccators. Before each run,
they were individually wiped with a Kimwipe and trichloroethylene,

5: air dried, weighed, and loaded into the reactor.

Thiophene, HMDSO, and HMDSN were vacuum degassed at liquid
nitrogen-temperature. The gas flow from these monomers were

- " manually controlled by flow tubes.
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After the substrates were positioned on the rotating,
electrically grounded electrode and loaded in the reactor,
pressure was lowered to less than 0.3 Torr, and an autotransformer
was manually adjusted to the heated rotating electrode to maintain
the desired temperature. Substrates were exposed to an argon
plasma (gas flow 28 sccm, pressure 500 mTorr, power 100 w) for two
minutes to clean the substrate surfaces. Thiophene runs A59A1 to
A13, A59BI to B13, A54CI to C3, and A59A55 were exposed to the
argon plasma followed by an oxygen plasma (gas flow 25 sccm,
pressure 500 mTorr, power 100 w) for one minute.

Monomers at a prescribed rate were introduced into the
reactor, pressure was set to a prescribed value, R.F. power turned
on, adjusted to the prescribed value and forward power optimized
with the matching network to maintain a glow discharge plasma.
Every 5 minutes during a run, the R.F. power was turned off, the
temperature checked, the autotransformer adjusted if necessary to
maintain the desired temperature, and the R.F. power turned back
on. (Because of R.F. pick-up by the thermocouple leads, the
temperature indicator could only be hooked up to the system and
the temperature noted when the plasma was off, although power was
supplied to the heater via the autotransformer during the entire
run.) At the end of a run, the R.F. power, monomer flow, and
heater power were turned off. Pressure was pumped down to less

* than 0.3 Torr. Samples remained in the reactor under vacuum until
the temperature fell below 1000 C. Then the system was vented,
the samples removed from the system, allowed to cool to room
temperature, and weighed.

Thiophene Experimental Designs I and II, design orders 2, 3,
5, and 8 were run to different thicknesses on the Mathis Thickness
monitor to estimate the correlation between the thickness rate
calculated from the actual coating formed and the thickness
monitor indication. The remaining design orders in thiophene
Designs I, II, and III were run to a thickness of 0.25
kiloangstroms on the monitor to the nearest whole minute. A
monitor thickness rate in kiloangstroms per minute was calculated.
For samples having the better film qualities, run times were
calculated to reach a thickness build-up of 500 micrograms per
square centimeter using the thickness rate of the actual coating
formed.

D. EXPERIMENTAL DESIGN

:Two-level fractional factorial experiments were designed to
identify the process variables that most significantly influenced
development of a good coating and to begin optimizing a set of
process conditions.

Preliminary experiments included full factorial designs for
thiophene runs with no temperature control, half factorial designs
for thiophene and HMDSO runs with temperature control, and half
factorial designs for HMDSN with no temperature control. The
process variables studied included conditions varying the radio

-4-
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frequency, power, pressure, flow, and temperature. The design
matrices and ranges for the variables are shown in Tables 1-7.

E. EVALUATION TECHNIOUES

The coating properties measured included weight gain of the
" coupon, scrape adhesion, tensile adhesion, salt exposure

(corrosion resistance), pinhole microscope tests, conductance, and
abrasion resistance.

Coating thickness (coating weight) in grams per square
* centimeter was calculated by the coating weight obtained on the

O-Panels divided by the coated area.

A Pacific Scientific, Gardner/Neotec Instrument Division,
balanced beam scrape-adhesion and mar tester, SG-8101, fitted with
a loop stylus, SG-8102 was used for the scrape adhesion test. The
Standard Test Method for Adhesion of Organic Coatings, ASTM
D2197-68 (reapproved 1979) Method A Scrape Adhesion, was used with
the following modifications to the ASTM procedure: sample size,
load increments, number of repeated tests, and detection of
adhesion end point using an electrical contact. A coated 2.5 x
2.5 cm square O-Panel was tested with 10-g increments to 100g,
100-g increments to 1 kg, and 1-kg increments to a maximum load of
1 10 kg. End points were repeated as available sample area
permitted. Two indications of failure were reported. Scrape
Adhesion I was the loading for the first discontinuous indication
of electrical contact between the stylus and the substrate, and!,,( Scrape Adhesion 2 was the loading for continuous contact.

. The tensile adhesion test employed a Sebastian I coating
adherence tester (The Ouad Group). An epoxy-coated pull stud was
clipped to a coated O-Panel, cured at 1250 C for 2.5 hours, and
cooled to room temperature. The bond strength was determined by
the amount of force in psi exerted to pull the stud from the
sample. The amount of coating left on the sample was noted.

Salt immersion testing was made by suspending a sample above
* 5% NaCl solution with the lower half immersed while the solution

was bubbled with air. Samples were observed periodically for
percentage of surface area oxidized to 95% corrosion.

Deviation from the salt immersion procedure was made for some
samples from the HMDSN runs. Samples were submersed into the salt
solution bubbled with air and placed flat at the bottom of the
container. Observed percentages of surface corrosion were

*corrected to values relating to the partial immersion testing
described above by comparing uncoated substrates evaluated by both
methods.

Three pinhole measurements were performed using solutions of
neutral CuSO 4 (CuSO .5H 0, H2 0), acidified CuS0 4 (CuS0 4 , H2S0 4'
H 0), and Ferroxil ( 3 Fe-(CN) 6. NaCl) A drop of one solution is

" praced on a coating surface. Using an Olympus zoom binocular

* -5-
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microscope at lOx magnification, the time was noted for the
formation of 5 crystals, and then 10 crystals.

The conductance was measured by placing an 0.05-0.1 ml drop
of 3% NaCI solution on the coating, immersing a stainless steel
wire electrode into the drop, using the substrate as the other
electrode, and reading the conductance within ten seconds at 2kHz
with an Extech Model 440 conductivity meter.

The abrasion resistance was measured using the falling sand
technique (ASTM D968-51). 100 ml volumes of Ottowa silica sand
(-20 +30 mesh) were funneled through a 36" long by
three-quarter-inch diameter tube and allowed to impinge on the
coated substrate, held at a 45 angle, until there was some area
of bare metal showing. The total volume of sand to reach this
point was recorded.

Contact angle measurements were taken using a Rame-Hart Model
A-100 NRL C.A. goniometer and water as the liquid.

Density measurements were approximated by wetting pieces of
flaked film in different solutions having a range of densities (HL
aqueous series from Cargille Lab). Film flakes having a higher
density than the solution sank while flakes having a lower density
floated.

Ouality of the deposited films were classified as film (F) or
powder (P). The visual appearance further described the films as
even or rainbow colored, peeled, or flaked. A particular sample

(- could exhibit more than one appearance characteristic at one time,
usually in different areas of the substrate.

- ---.-
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RESULTS AND DISCUSSION

A. DATA

Three materials were evaluated by plasma polymerization as
candidates for pipeline coatings - thiophene, hexamethyldisiloxane
and hexamethyldisilazane. Each were selected because of previous
personal experience of the investigators, and because of a
reference in the literature citing good quality films from these
materials. The evaluation was done by coating coupons in a
research reactor and measuring film properties and corrosion
protection on the coupons.

For each material, a statistically designed 2-level full
factorial experiment (8 runs) was run to study the effects of
process conditions: gas flow rate, pressure, and RF power input.
When the temperature-controlled grounded electrode became
available, half-factorial designs of 8 runs were made, including
substrate temperature as the fourth variable. For the
hexamethyldisilazane runs done at ambient temperature, the four
variables in the 8-run half factorial were HMDSN flow, oxygen
flow, pressure, and power. Design details are shown in Tables
1-7.

VFor each of the preliminary factorial designs, a visual
evaluation of coating quality was made, coating weight was
measured and coating rate determined. Coating properties were
measured with a scrape adhesion test, and in some cases, a measure
of film integrity was made using a drop of copper sulfate solution
(the Priest Test). Based on these results, a second factorial
design was run at different ranges for the process variables, or

,, selected runs from the first design were repeated at the same
process conditions, but different duration to achieve a targeted
coating weight, or for selected runs, process conditions were
modified slightly and rerun. A total of eleven "sets" were done,
comprising 98 individual coating trials. The printout for all of
the run data is shown in the Appendix as Tables 8 to 18.

Tables 19, 20, and 21 present a condensation of the data
where coating weight and coating rates have been averaged for all
the coupons in each run and test data are tabulated by run rather
than by coupon. These tables were used for analysis of effects of
process variables and for observations upon which the conclusions
were based.

B. GENERAL

The interpretation of the massive amount of data accumulated
for this program, the distillation of results and the formulation
of conclusions is severely hindered by a large amount of
variability. Individual coupons within a run gained different
coating weight per unit of area despite the rotating electrode
sample holder, replicate runs yielded variable results, and test
results on duplicate samples from a given run were not
reproducible. Statistical test for significance of the first

-7-



order effects of process variables show very few to have
significance at the 90% confidence level. The objective to relate
coating properties to process conditions was only partially
achieved, and to this extent only because the massive amount of
data enabled some judgemental conclusions based on consistency of
the direction of first order effects.

Since the conclusion of the experimental work on this
contract, the research reactor on which this work was done has
been equipped with a pulse generator to enable pulsing the RF
power input in the range of one millisecond period to one second
period. Early indications are that pulsing at about 100
milliseconds results in faster coating rates, better film
properties, better consistency and more reproducibility. Any
continuation of the investigation should definitely include pulsed
power as a parameter for study.

The attempt to understand the source of variability has
brought into question the design of the research reactor used for
this study. Emphasis on electrical isolation of the RF power
electrodes resulted in spaces of stagnant gas which have been
observed to be the predominant sources of powder. In a
configuration specifically designed to coat the inside of pipe
with the active electrode centered in the pipe, the pipe itself as
both the counterelectrode and the vacuum chamber wall, and
reaction gases flowing between them, there would be no stagnant
space. The anticipated effect is for higher quality and more
uniform coatings. Continuation of the project should go directly
to the coating of lengths of pipe, or at least a research reactor

( designed to simulate the condition of pipe coating.

The compelling observation to be derived from the data is
that a number of runs produced reasonably good
corrosion-protection coatings. Table 23 shows the test results of
the coatings from 15 of the trials, 9 thiophene and 6
hexamethyldisiloxane. The first row in the table is an arbitrary
set of acceptance criteria for this stage of development and the
entries within each family of coating are by decreasing corrosion
resistance as measured by bubbling salt spray. Those properties
deficient with respect to the selection criteria are underlined.
Run number A59B93 resulted in coupons meeting all acceptance
criteria. There is no consistency among the other runs for
properties failing to meet the acceptance criteria. The results
listed in this table lead to the conclusions that suitable coating
properties are achievable, but that continuation of the
development mandates upgrading repeatability, upgrading the design
of equipment, procedures, and characterization methods.

C. FILM DENSITY

Flakes of coating from some of the coupons which came from
the reactor with the film flaking off were used to determine
coating density. For these flakes, densities of 1.4 to 1.7 grams
per cubic centimeter were observed. At the conclusion of the



experimentation on this contract, a means to remove good coatings,
eg. coating from trials resulting in good salt spray results, had

not been devised. It is the consensus of the investigators on
this project for plasma polymerized coatings, that there is a

relationship between coating density and oxygen and water
permeability, and that for coatings as thin as are targeted, film
density of about 2 will be required. The identification of
process conditions to produce this density without internal
stresses that lead to crazing and flaking should be an objective
of any continuation of this project.

D. COATING PROPERTIES vs. PROCESS CONDITIONS

The first order effect for each process variable on coating
rate and film properties in each experimental design matrix is
shown in Table 24. A test for significance was done judgmentally
by inspection of computer generated cumulative probability charts
for each design matrix. Meaningful effects on the table are
underlined. In general, the variability in the process and/or in
the measuring procedures obscures any well-defined relationship
between process conditions and coating properties. However, some
trends are indicated. Increased monomer feed rate (flow) within
the range studied in the program produced positive results, ie.
faster coating rates, better scrape adhesion results, and lower
electrical conductivity. The first order effects of pressure were
predominantly not significant, but in many instances, the sign of
the effect was opposite the sign of the effect of flow. The
important parameter may be residence time, a parameter inversely
proportional flow rate and directly proportional to reactor volume

* and pressure. The concept is interesting, and useful in
optimizing trade-off considerations for coating properties vs.
economics. When the effects of temperature are judged to have

* significance, they are mostly negative, ie. detrimental, and the
preponderance of temperature effects even where not judged to he
significant are negative. If this effect is real, it is contrary
to the expected effect based on published literature, which
indicates that elevated temperature is required to achieve films

* with integrity and good corrosion protection. The ability to
operate at ambient temperature would obviously be an advantage in
a manufacturing process.

The range of process variables utilized for plasma
polymerization is limited by regions of the operating conditions
that produce powder rather than deposit film. As was observed in
paragraph B, entitled General, the design of the research reactor
used for this project was a particular offender in producing

* powder. With a reactor more carefully designed to simulate the
process of coating the inside of pipes, the range of the variables
studied could be extended and, along with the better
reproducibility expected, a better relationship between process
conditions and film properties could be obtained.

-9-
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E. ECONOMICS

V. The process for coating the inside of pipes was not well
enough defined in this program to enable a detailed economic
study. Some limiting costs can be estimated. Coating run
*A59AR9, for instance, provided 216 hours of bubbling salt water
protection at a coated weight of 360 micrograms per square
centimeter, applied at 10 watts with an electrode area of
approximately 650 square centimeters in a 66 minute coating run.
For a 21-foot length of 4-inch schedule 40 pipe, assuming 50%
material conversion, 50% power efficiency, using chemically pure
thiophene at S15 per pound and 5 cents per kilowatt hour for
power, the material cost would he 6 cents, and the power cost
would be 13 cents. To design a coating plant for reasonable
capital cost and reasonable operating cost is an entirely feasible
prospect.

(
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RECOMMENI)ATIONS

The investigation of plasma polymerized coatings for
corrosion protection of the inside of pipes should be continued
with a multi-pronged effort:

1. The design of a coating reactor to simulate the inside
of a pipe. A section of pipe as the reaction chamber
would be appropriate, suitably modified with a
demountable (vacuum tight) wall segment for obtaining
samples of coating for analysis and characterization.
The ends of the pipe section would be ground flat for a
vacuum tight "0" ring seal to an electrically
insulating end plate including the monomer inlet and
electrode mount in one end and the vacuum port and
electrode mount on the other end. If controlled
elevated temperature continues to be of interest, then
an electrically heated jacket for the pipe may be
provided.

2. Using the reactor described above, and a starting set
of process conditions extracted from the work covered
in this report, concentrate on achieving reproducibility
of the process and the characterization test procedures.

3. With reproducibility achieved, develop the relationship
between process conditions and coating performance.

( 4. Conduct a screening study to select promising material
systems for corrosion protection plasma coating. The
thiophene, siloxane and silazane starting materials used
in this study were selected considering literature
references, availability, cost, and safety
considerations. Recent work by this author using
all-hydrocarbon coatings of multi-component monomers,
and two-layer coatings using fluorinated hydrocarbon top
layers have shown promise for corrosion protection.
Several members of each "family" of coatings should be
screened for this application.

5. With the understanding of the process and an optimum

materials package from steps 3 and 4 above, develop
parameters for the design of a commercial plant and

details of the economics of plasma polymerization
coating for corrosion protection of fluid-flow pipes.

-]I-
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APPENDIX

TABLE * TITLE

1 THIOPHENE EXPERIMENTAL DESIGN I
2 THIOPHENE EXPERIMENTAL DESIGN I
3 THIOPHENE EXPERIMENTAL DESIGN III
4 THIOPHENE EXPERIMENTAL DESIGN IV
5 HMDSO EXPERIMENTAL DESIGN I
6 HMDSN EXPERIMENTAL DESIGN I
7 HMDSN EXPERIMENTAL DESIGN II
8 DATA FOR THIOPHENE DESIGN I
9 DATA FOR THIOPHENE DESIGN II
10 DATA FOR RUNS AT CONDITIONS MODIFIED FROM THIOPHENE

DESIGNS I AND II
11 DATA FOR SELECTED RUNS FROM THIOPHENE DESIGNS I AND II

AT 500 MICROGRAMS PER SQUARE CENTIMETER
12 DATA FOR THIOPHENE DESIGN III
13 DATA FOR THIOPHENE DESIGN IV
14 DATA FOR THIOPHENE DESIGN III-A AT 500 MICROGRAMS PER

SQUARE CENTIMETER
15 DATA FOR SELECTED RUNS FROM THIOPHENE DESIGN IV AT 500

MICROGRAMS PER SQUARE CENTIMETER
16 DATA FOR HMDSO DESIGN I
17 DATA FOR HMDSN DESIGN I
18 DATA FOR HMDSN DESIGN II

• 19 SUMMARY OF AVERAGED DATA OF RUNS IN THIOPHENE DESIGN I,
' ( II, III, AND IV

20 SUMMARY OF AVERAGED DATA OF SELECTED RUNS FROM THIOPHENE
;DESIGNS III AND IV

21 SUMMARY OF AVERAGED DATA OF RUNS IN HMDSO DESIGN I
22 SUMMARY OF AVERAGED DATA OF RUNS IN HMDSN DESIGNS I AND

II

23 PROPERTIES OF THE 15 BEST CORROSION PROTECTION COATINGS
24 FIRST ORDER EFFECTS OF PROCESS VARIABLES

FIG. 1 VACUUM PLASMA POLYMERIZATION REACTOR AND SYSTEM
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TABLE 1

THIOPHENE EXPERIMENTAL DESIGN I

Design Run Flow Press Power Run

Order Number sccm mTorr w Order

1 A59A9 - - - 8

2 A59A2 + - -2

3 A59A4 - + - 4

4 A59A7 + 4- - 6

5 A59A1 - - + 1

6 A59A6 , - 5
7 A59A8 - + + 7

8 A59A3 + + + 3

Variables - +

Flow 2.1 29
Press 250 500
Power 10 50

!~~

4...,



TABLE 2

THIOPHENE EXPERIMENTAL DESIGN II

i

Design Run Flow Press Power Run
Order Number sccm rmTorr w Order

1 A59B9 - - - 8
2 A59B3 + 3- - .,
3 A59B4 - + - 4
4 A5987 + +1 6
5 A59B2 - - + 2
6 A59B6 + - + 5
7 A59B8 - + + 7
8 A59B + + + 1

Variables - +

Flow 2.1 29
Press 500 1000
Power 50 100

!N ( Note 1: The following additional thiophene runs were made.

Run Flow Press Power Run
Number sccn mTorr w Order

A59C1 3 250 50 1
* A59C2 3 500 100 2

* Note 2: The better samples from Thiophene Experimental
Designs I and II were repeated to a coating thickness of
approximately 0.5mg/sqcm. The flow (-) values were changed
from 2. 1 to 3 sccm.

.%

AJ

*'1

* A.l



TABLE 3

THIOPHENE EXPERIMENTAL DESIGN III

Design Rur, Power Press Flow Temp Run

Order Number w mTorr sccm deg C Order

1 A59A59 3

2 A59A57 + - - + 2

3 A59A67 + - + 8

4 A59A65 + + - - 6
5 A59A66 - - + + 7

6 A59A55 + - + -

7 A59A61 - + + - 4
8 A59A63 + + + + 5

Variables +

Power 10 50
Press 250 500

Flow 3 29
Temp 50 150

-4.i-:s

2'.4

,.



TABLE 3

THIOPHENE EXPERIMENTAL DESIGN III

Design Rurn Power Press Flow Temp Rur,
Order Nurber w rnTorr sccm deg C Order

I A59A59 ....- 3
2 A59A57 + - - + 2
3 A59A67 - + - + 8
4 A59A65 + + - - 6
5 A59A66 - - + + 7

6 A59A55 + + 1
7 A59A61 + + 4
a A59A63 + + + + 5

Variables - +

Power 10 5C
Press 250 500

% Flow 3 29
Temp 50 150

:.".

I0,-

k" - .

tkpA..-



TABLE 4

( THIOPHENE EXPERIMENTAL DESIGN IV

Design Run Power Press Flow Temp Run
Order Number w mTcrr scem deg C Order

i A59B72 .... 5
2 A59B70 + - - + 3

3 A59B75 - + - +
4 A59B71 + + - - 4
5 A59B68 - - + 1 1
6 A59B74 + - + - 7
7 A59B69 - + + -2

8 A59B73 + + + + 6

Variables +

Power 50 100

Press 250 500
. Flow 3.9 29

Temp 150 250

Note 1: The better samples from Thiophene Experimental Designs III and
IV were repeated to a coating thickness of approximately 500 ug/sqcm.

UW..

a-

.

,.-



TABLE 5

HMDSO EXPERIMENTAL DESIGN I

Desir, Run Power Flow Press Temp Run
Order Number w sccm mTorr dea C Order

1 A59S0128 .... 8
2 A59S0124 + - - + 4

_ A59S0123 - + - +

4 A59S0129 + + - - 9
5 A59S0130 - - + + it.)

6 A59S0126 + - + - 6
7 A59S0127 - + + - 7

8 A59S0125 + + + + 5

0 A59S0120, A59S0121 1/2 1/2 1/2 1/2 1,2
A59S0131, A59S0132 11,12

Variables + 1/2

* Power 50 200 95
Flow 3.5 30 7,8
Press 350 1000 675
Temp 150 250 200

.°

i'

-S- .-N- 0



.TABLE 6

HMDSN EXPERIMENTAL DESIGN I

Flow Flow
Design Run Power HMDSN 02 Press Run
Order Number w sccm sccm mTorr Order

1 86428, 864213 .- 8,13

2 86414 + - - 4 4
3 86413 - + - +3

4 86429 + + - - 9
5 864210 - - + + 10

6 86416 + - + - 6
7 86417 - + + - 7

8 86415 + + + 4 5
0 86381, 86382 1/2 1/2 1/2 1/2 1,2

864211,864212 1i, 12

Variables - + 1/2

Power 50 200 125
Flow HMDSN 3.5 29 8
Flow 02 2 5 3
Press 250 1000 625

Note 1: The following runs were made with the pressure valve left
open; ie, minimun pressure for the flow rates with the system
vacuum pump.

Flow Flow
Run Power HMDSN 02

Number w sccm sccm

864214, 864215 200 3.5 2
864316 200 2.4 2

• 4.

'° p

*%f'

, N ,_' , . ', ,.' :.." - ' - . , p * ... ;. -. x .'p . . ,.-.? . k-.. ." . -'.'.'.","..,': / . v "-".-:. ., ".. .c.,'



TABLE 7

HMDSN EXPERIMENTAL DESIGN II

Flow Flow
Design Run Power HMDSN 02 Press Rurn
Order Number w sccm sccn mTorr Order

1 86445 .. .. 5
2 86457 + - - + 7
3 86446 - + - + 6
4. 864510 + + - - 10
5 86459 - - + + 9
6 86443, 864813 + - + - 3,13
7 86444 - + + - 4
8 86458 + + + + 8
0 86431, 86432 1/2 1/2 1/2 1/2 1,2

864511,864512 11,12

-. Variables - + 1/2

Power 50 200 125
Flow HMDSN 2.4 3.5
Flow 02 0 2 2
Press 175 250 213

a.U.
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TABLE 8

DATA FOR THIOPHENE DESIGN I

.4

Desiori Rur Power Press. mT FlowlFlo'w FLow Time Samole Weinht
Order Number w Set Obt Set Obt sccm fair, Number Gait,. p
--------------------------- ------ ----- ---------- ---------- ---- ---- ------ -------

I A59A9 10 250 250 10 2. 1 12 1 0. 0002
12 2 C0. C00.3
12 0 O. OOOE
12 4 0. 0001

A A59A2 10 250 250 150 9 15 : 0. 0C3:
15 0 '. C.' 0'

15 3 0. 004 1
15 4 0. 0038

3 A59A4 10 500 500 10 2. 1 40 i 0. 01020
40, -I L"40" 2. C'. (_ °", .. t

40 0. 'I

40 4 0 )C:.)
4 A59A7 10 50-0 500 150 135 0 29 1 O. 9.

E9 a 0 C) I f
0:9 ;3 C; 0:

%9 4 0. 0C:)99

5 A59A1 50 250 250 10 2. 1 10 i 0. (C.8
10 2 0. 0004
1 i) 3 0. -00C1.
10 4 0. (;0'E

6 A59A6 50 250 250 150 29 2 1 0. C:a7
R 2 0. 0008
2 3 0. (:)0)06
a 4 0. 0009

7 A59A8 50 500 500 10 2. 1 45 1 C). 000E
45 2 0. 0004
45 - 0. 0004-
45 4 ). 0004

8 A59A3 50 500 500 150 29 6 I C). 0069
6 2 0. 0062
6 3 0. :05&.
6 4 0. 0061

'I %.
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TABLE 8

Wt Rate Thickness Thick Rate 7-morn rate Qual
rp/mir g/sacm /sqcm/rin Pr/mir,

1. 7E-05 3. 2E-05 2. 7E-06 21.2 F
2. 5E-05 4.BE-05 4. OE-06 F
1. 7E-05 3. 2E-05 2. 7E-06 F
8. 3E-0-6 1.6E-05 1.3E-06 F
2. IE-04 5. 1E-04 3.4E-05 22. 9 F
;. 3E-04 5. 4E-04 3.6 E-05 F
.E-04 6. 9E-04 4.6E-05 P

5E-04 6. OE-04 4. OE-05 D
5. OE-05 3. 2E-04 8. OE-06 5.45 P
4. OE-0S 2. 6E-04 6.4E-06 p
4. OE-05 2. 6E-04 6.4E-06 P
4. 2E-05 2.7E-04 6.8E-06
4. 7E-04 2. IE-03 7.4E-05 8.97 P
5. 2E-04 2. 4E-03 8. 3E-'5 p
4. IE-04 1. 9E-03 6.5E-05 P
3.4E-04 i. 6E-03 5. 5E-C5 P
8. 0E-05 1.3E-04 1. 3E-05 18. 6 F
4. OE-05 6.4E-05 6.4E-06 F
1. OE-05 1.6E-05 1. 6E-06 F
2.OE-05 3: 2E-05 .2E-06 F
3.5E-04 1. 1E-04 5.6E-05 364 F

4. OE-04 1. 3E-04 6.4E-05 F
3. OE-04 9.6E-05 4.8E-05 F
4.5E-04 1.4E-04 7.2E-05 F
1. iE-05 8. OE-05 1.8E-06 5.91 F
8.9E-06 6.3E-05 1.4E-06 F
8.9E-06 6.3E-05 1.4E-06 F
8.9E-06 6.3E-05 1. 4E-06 F

.E-03 1. IE-03 1.8E-04 47.3 P
1. OE-03 9.6E-04 1. 6E-04 P
8.7E-04 8.4E-04 1.4E-04 P

OE-03 9.6E-04 1. 6E-04
'.1

I.

i
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TABLE 8

Commrert arind Observat i crts

Fi I ril
OFias film.

Oro ml~s

Sliant Dcowdelr

Piece Jiur~d to. too electrode duirinq -rn
On cl1ass. slioht powder-
Powder;, uress. droo, took4 10 riwin to linme o-Ut
Powder: oress. droo. tocL. 10 mint to 1 irn cout
Orn cl ass. Dowdet- 3ress cyror.~ tocok 10 m inr to line ou-,
Or, clss :: owber; * e, droD. j:. 10 rr,-p. tc lirse ,:-mt
Powder-. flow ciro.-cDecf tCo 130
Povicer-: fi'w drc-'Dej t,:-,' .C
Orn class. powCer, somie Fili-ii; f c ro:'oed t 3
Oro cl1ass. oowdet-, some1 film, 'F .O cn-dtcI3
Piece jum~ed to too electrod.e dcjnr; i-un
Piece jiumoed to too electr-ode dtr-irw r
On piass, film
Oro cl1ass. f11ln

( Filr-n. small amt oowder-
Pilm 2.small~ amt powder
On tilass, filmo, sroa1 arat powder-
Or cl 1ass.* f ilIm, small. amt po::WLetr
Fi lm~, small arit owder-
Filmw, smaallI amt D o w dfr
Or, i l3ass, film
Or, class. fiu;
Losose cDowder,
Loose powder-
Oro cjass locose Powder-
Orn class. loose nowder

-- 4.

-- &'L
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TABLE 8

'trScratcn P1 11 Pc':LC.LuSO4. NCL~t rL(SC14 Rerrcsxi 1
Test !.(v:C)c-iv -'cry i0cry 5crv 10crv

o 0 0. 1 C). C.

100
1 C) 0 C 5C)00 1.6 3. 5 0.6 0. Z C. 5

I100C 2000) C . 52.*5 > 0. 4
_,0 5000 0. a C). 3 2. 2 ) C. E,

--C 900 1 140
CIO 200

2C)- 500 30)

100 400
a,00C 400 0.2= C).1 0.2 00

0 700
* ~ C 100 C 5r,000 0.a0 .20. 1 0.2

j 40000.4 .

0 5000OC
0 800 0.2 0.5 C0. 4 >0.2
0 600

10 1000
50 900

Note for ricroscooe tests t im~e
to 5 arid 10 crystals is in mir,
arid >means t ime to less than 5
cr yst al1s.

. . ~ .'%%
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TABLE 8

.* Notes

A Ac CuS04 formes 5200-+ crystals ir, 27 sec

Scratch test 2 CUeStiorable
Scratch test a cuest ionable

Scratch test 2-. oues-tionable

Scratch test 2 cuestiorable

' '# erroxil1 fo~rtiled 50+ crystals it, 10 sec

Sa t
.Stud riot affix to coating for Pull test

i Scratch test a -'.etjrbe
:i Scratch test 2 cuestior, able-+=Scratch test a: ciLest io'rabie
- ' Stud r, ot affix to coat i rg for Pull1 test

-4

.
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TABLE 9

DATA FOR THIOPHENE DESIGN II

Desivr, Rur, Pc-wer Press. mT Fc, wl'Fl- Flow Ti me Safr-, e o ei t
Order Number w Set Obt Set Obt sccm rira Num,r Gi 

A59B9 50 500 500 4C 2.1 74. 0006
74 I 0. 0 0 07.
74 4 0. 0) c0) 7

2 A 3 3t 7A. 4 C, .CC;5

2 A59B3 50 500 500 150 29 4 " .(
4, 2= C"). 0(",39

4 3 0. 0037
4 4 0. 0036

3 A59B4 5) 10()0 5i) 1) . 1 17 i 0. 00 12
17 2 O. 002:-

17 0 . 0 )
17 4 C. 001 2

4 A59B7 50 1000 1000 140 135 20 7 0 C. 0,>67
7 2 0. 0063
7 O. 0 c) 4 6
7 4 0. 0040

5 A5952 100 5(C)0 500 10 2. 1 25 i 0. 0004.
25 2 0. 0005
25 3 0. 0 003
2:5 4 0. 0003

6 A59B6 100 500 500 150 29 2 0. 0 I I
2 2 0. 0011
2 3 O0. C;0 i 0
2 4 0. 0C11

7 A5SB8 IC0 1000 (1000 10 2. 1 42 1 0. 0007
42 2 0. 0006
42 3 0. 0C) 18
42 4 0. 0022

8 A59PI I 00 1000 1000 150 29 3 1 0. 0()36
3 2 0. 0038
3 3 ). 003,4
,3 4 0. 003,4.

N.

Ub

9.a% m %,,,... .% ".- ,"%.2 '" -
%

." " " " , - - " . - ." .' .j ,. "."."-,' ,-.% , , ".,.,
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TABLE 9

Wt Rate Thickness Thick Rate T-mor rate Dualc /m ir n C/so Cral r / sc. Clm/ m. i r, A r, /mi r,

8. IE-06 9.6E-05 1.3E-06 3.38 F
9. 5E-06 1. !E-04 1. 5E-06 F
-. 6E-05 1.9E-04 2. 6E-06 C-

6. 8E-106 8. !E-05 I. IE-06 F
1. 03-03 6.4E-04 !. 6E-04 76.8 P
9. 6E-04 6.4E-04 1. 6E-04
S. 2E-04 6. 0E-04 1. 5E-04
9. 0E-04 S.6E-04 1. 4E-04 P
7. 1E- ;5 3.. 9E-04 1. 1E-05 4.5 -

1E-05 .9--04 1. 1E-05 P
,E-0; -. 4E-04 8. 5E-06

7. 1E-C'5 1. 9Z-04 I. IE-05 P
r.1E-04 !. 6E-03 I. 5E-04. 6

E9. 0-04 i. 01-03 .. 4E-04
.6. -'4 7. 0'E-04 1. 0E-04

G. .6. E-04 7.7E-04 1. 1E-04 P
. 6E5-05 6 5.E-S . 6E-06 9.72 F

C. 0E-05 8.0E-05 3.2-( F
1. 2 -05 4. 8E-05 1. 9E-06 F
1. 2E-05 4. BE-05 1. 9E-06 F

S5. 5E-04 i. 6E-04 8. 8E-05 172 F

5 5. 5-04 i. 8E-04 8. 8E-(5)
5. OE-04 1. 6E-04 8 .0E- C05
5. 5E-04 1. 8E-04 8. BE-05
-.7E-0 1. E-04 2. 7E-06 5.81
.. 4E-05 9. 7E-05 2. 3E-06 F

4. 3E-05 2. 9E-04 6.9E-06 F
5. 2E-05 S. 5E-04 8.4E-06 F

1.'3E-03 6. OE-04 2.0E-04 316 p
1. 3=-03 6. OE-04 2. OE-04 P
1. 1E-02 5.4E-04 1. 8E-04
. -03 5. 4E-04 1. 8E-04 P

%

-..V

4'.
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* TABLE 9

' oICc rmerts rcd C ~sErv t i,rs

------------------------------------------------------------------------------------------

-n -filr

t . Cet

* .: -' ,5. , :e . r c>- t f£. D iCD. . . - E

G "i I . a i s f I Fil

_t', ire ou

"-2i. rr. all*' a.':" JzLJcmr ~ tC ~ . .1 ~ i.

Or, l ass, fi a r.n ess. t oc, k 2C, ri ? j U , ri CLLtt
Fi O .r: lass f 11 , DreSt. . z 2-e ) t,- t(,:',[ ir-,to i
O , w cer

Or, I asE. c.,jc er
>..]Or, l .s D,-,w ter

-

-.
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TABLE 9

V- TEst V 'c. y 5L ', .Cry 5c r v ,

Li L 'l C :'

"6. a' . 2 r z .C .

=C)C C. C.3 '
: ,- 2 Cir._') C) 0". .

C)
10 i 50

*110

G 20 0
0). Q. a o.2 0.3 .).3i

A' N %
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TABLE 9

Ot -," e S

Notess

C Z. a fix tr Ccoat ar, f,-,r Pu i tEst

C test ie
l."
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TABLE 10

DATA FOR RUNS AT CONDITIONS MODIFIED
FROM THIOPHENE DESIGNS I AND II

,'eE -L- r r: C. 'o.W e. E S . . ':,. i. - -low Ti: e E r!_,_L- E

C4r Oer im. b! Er ~ E~:C Set ft -CSC r ril2.rl ku eF r- (r:

5 p So Cs 1- -,C'C)C .

. . . ......

" " 5~ G o:, .-. "0 5 0 L -_ z 50 ' =, ?. ( . .;.

..:

-45

.4

>-a

"..

-4,

a.m
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TABLE 10

e , Ra.ec"-hlc riess "Rnc a~e 7-rmon~r race C-u al
. rir c:' / sc cm: c / sc. crf! / fni r, P - , ri

6. :-05 7. G- - C, 5 z E- 4-- 7 F
. . 0-05 . 05 . 3E-05 F

E. . 7E- C5 6.EE-5 .5E-C)5 P
S6 . 3 E , 5 7 . 6 E - 5 - E - -) , F -

E. - E. E- )05 6. 4E-O , 5. 6

. C'-05 . -5 3. cu -
5 4. 4. -- 6
E 2 (E-,05 -) 5 6. COE-06

,o

-5'.

*N5

" A-"
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14 TABLE 10

cr aEs. z. r E-s.t c ro~t tc LC

F -t.v t,2q II:-, C''- 1z rYl 9. C.

.-r class., Et~ :-~ . ~ :~: r

Ci rE . YC;. tc.K£ f .~~it

.~. .*A
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TABLE 10

Scratch Scratch Pull Acic CuS04 Neutt CuS_4 .-erro'xil
1 2 Test 5cry 1Ocry 5cry C)zrv 5cI€r ic)c-"

0 10C) 0. 0 O. 0 O. 0 O. >0.7
0l 500

8c) 500

0 500

10 9( 1. ). 0, > 0. 3
1000

'

.'

.4..

'-.

I' , . v 4 , , ~ .***~*~ .
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TABLE 10

EC-atCl teSt 2 CLIL-t:c-r.ilie,
Stud- ritAffiX tC, CCat~rlrJ f-r- PuLl. tFeSt
St LI: rl!ct affix< tCo CCat iri f~r- -'i . ts
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TABLE 1

DATA FOR SELECTED RUNS FROM THIOPHENE DESIGNS I AND II

AT 500 MICROGRAMS PER SQ. CENTIMETER

W rcer NuSeer w St Obt Set Cot sccril rnir, e"C Number Ea r.

533 :0 25,) 2Z--C) 15 3 120 (82 6. C'3C

i :20 4 C. ':' 1 (' 4 0 02 (;33
1 _--_ 5 (. (,(4 5

0 ,6 0. 0039
5 A53AIi 5- a'0 :53 15 3 i2C0 6E o . o.'x. I

2 ! 3512c C; C)i

i 205 o. oi:K3:'26

N3 6 2 0 . ' ,-D ! .C ;
38 0 . 0):..
38 4 0. ('0 VC0

36 5 0. ('00:-
38 6 C'. O Ia

6 PS , 50 250 L50 i5 29 .12 <E2 0 0, 003L;
.2 0. 004 (-

.J.. 1 c . c.: ..*

4', IE 5 0. 7052:
12 6 C,. 0056

7 A59C4 50 500 400 15 3 I ' ) 82 0. 002t7
•'.120) "2 C;. 022

'"-1 a=-o , 0. 00' 24a
[' - 1204 '_. 0022

"20 5 C'. 0037

20 6 0. 00038

i A59B!3 50 500 310 15 3 120 > "E7 ! 0. 003E,
1-1 0 0. C);)34

1 20 3 0. C)C-6
120 4 0. 0033
120 5 0. 0045
120 6 0. 0048

5 A59; 1 100 500 500 15 3 12,4 > 138 0 0. 0iF.
124 a- C. ('2-22

124 0 C. 08CC

ic-4 4 C).C)C,'i 8
124 5 0. C1 6
124 6 0. 0023

6 A5B i0 1 00 50C 500 150 143 25 13 ? 1 0. 0066
13 aC). 0069

13 3 0. 0075
13 4 0. 0073
13 5 0. 0069
13 6 C). 0101

7 P5c12 E iC iO)2 10 i0-)0 15 3 120 >'-38 1 0. 01039
1 20 ": 0. (,042
1aC) 4 C. C)(47
120 4 0. C "o -
1 aC) 5 C'. OC, Sh-

1 a):)0 6 Ch. C)06U
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TABLE 11

!"/+,'- =/s .c :-, : . / C i r, r An-,r r/mi r,

2. @E-05 5. 4E-04 4. 5E-OG 68.0 F
E. 7E-05 5. 2E-04 4. 3E-06 F
:.. 8 E-05 5. 3E-04 4. 4E-06
2. 8E-05 5. 3E-0 4. 4E-OE

SE-O5 4.7E-04 3. 9E-06
3. aE-C)5 4. IE-04 3. 4E-06 F
1. 6E-05 3.OE-04 '. 5E-06 62.7 F
" 8E-05 3. 5E-04 2. 9E-06

""_-C)5 3. 4E-('4 . 8E-06
-05 4. 3E-04 3.. 6E-06 F

I_"IE-05 3. SE-0. 3. 2E-06 -

3. PE-5 4. 1E-04 Z. 4E--06
. 6E-05 I. 6E-,-)4 4. aE-o6 20. 2

-7. E-C,- 1. 6E-k4 4. 2E-OC6 F
.. a-E-05 1. 9E-04 5. OE-06
a. 6E-05 i. 6E-04 4. 2E--06 F
2. 6E-0;5 1. 6E-04 4. 2E-06
3..,.J -C5 E.9E-u 5. 0"

. F.:, E-0 5. 4E-0-. 4.5E-05- 95 .
3. -E-04 E. 4E-04 5. 3-01- F

. E-04-) 5. 9-04 4. 9E-05
3. -E-04 6. IE-CA S. IE-05 F
4.3E-)4 5.4E-04 4. 5E-05

( 4. 7E-)4 5. 8E-04 4. 8E-05 F
2. 1E-05 4. 0E-04 3.3E-06 39.6 ::'
1. SE-05 3. 5E-04 2.9E-OS p
2. :E-05 3. E- 0 6 . EE-OS F
:' 0E-05 3. BE-04 3 .2E-06 F

1E-0 3.8E-04 ,3. 2E-06 F
3. 2-E-05 4.0E-04 3.3E-06
3. OE-05 5.8E-04 4.8E-06 57. 0 F
2. 8E-05 5.4E-04 4.5E-06 F
3.E.-,75 6. 1E-04 5. 1E.-C6 p
2. 6E-05 5.3E-04 4.4E-06 F
3. SE-05 4.7E-04 3. 9E-06 F
4. 0E-05 4. 9E-04 4. IE-06
1. 5E-05 2. 9E-04 2.3E-06 9. 90 F
!. 8E-05 3. 5E-04 2.8E-06 F
I6E-O5 3.2E-04 2.6E-06 F
i. 5E-05 2. 9E-COZ 2.3E-06 F
2. 3E-05 -. 9E-04 2. 3E-06 F
1. 9E-05 2. 4E-04 1. 9E-06 F
5. IE-04 i. 1E-03 8.IE-05 15 P
5. 3E-04 1. 1E-03 8.5E-05 P
5.8E-C4 1.2E-03 9. EE-05 P
5. 6E-04 1. 2E-03 9. 0E-0S p
5. 3E-04 7. 2E-OA 5. 5E-05
7. 8E-(4 1. C;E-03 S. 0E-05 P
3. 2E-05 6. 2E-04 5. ZE-06 31.2 p

' ; 3. 5E-05 6. 7E-04 5.6E-06 P

3. 9E-()5 7. 6E--4 6. 3E-0C6 P
3 . 3.E-(5 6.4E-C4 5. 3E--06 P
4. 6E-05 5.6E-04 4. 7E.-06 P

5. F- 5 )S E. 2JE-',)4 S. 2F--06 P
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TABLE 11

Comrierts arc, Observati.:ris

F7! irr',: £- Dress. circ, (.aO---' - I97) :.ow ur s'tatle
Fil: 1ow Dress. a ror ( 2-50-2L06-197) -flow ursta""e

-197)~~ f 'A.ow u rst ablE.F-i' .r: s l-w Dress. cir, (250-206-197) %fw urstale
= Fi -.: Sl-. Wj Dress. Lr.,, (C'50-206-197) : flow unstable

F i I msI c.w6, Dress. cfr o D (E5-20-=6-197 ) ficow unst~able

Fi'Ir;.: s low Dress. trocp (250)-206-197) flow un sta.ie
;:* ;i 1iz ress. croD; f 10ow unstable
F Fil':: ress. bdroD: fvow u, ns'tabl

J' :i-m; oress. drco,: f7ow ursta.bIe
Fim: D-ess. croD: f;:,w uyst&ble
Fi 1 r;- Dress. drroD f 1 ow unstableFii rn I . r e5s. d ro : f .1-,.w unst aDl e

i lir rairnto-w with c.old hue
Fi lm rai nbo-,w with ro].d ue
Fi FIm rair, ow with po,d hue
=1 i- rai nb,-w i ith Loie 1b '
=11 raic.Jow with ,-:id hue
FiI , rairo,-,w with L o h:.,
r- 1. i r a n L-w w 1th r c.:,t hI c: u c- c 7"' 0 e D rY
F -I ra rj ic w w ith CC~ .11Iut, I- 7 y 0,-, iiCL rV
."i rainor.w wit, uolc hue, s iL4: y zow ery
-;l n rain b,-ow with Co-1d hue. sIqh tyowery
.. lm rair bow with cold hue, sightl y ,hL owcjery
Fim ra 1- nbow with o,-ld hue, slightqhy Dowcerv
F i: sorare Drowr owder; flow unst bl1p; Dress. dro t: 0
F r scre brown oowler 'o I uns .ab e. Press. drohp tD,_ 0,Er

Film nb~~owrt odsihl oor

Fi im,: so--e or,-r: mowder, 'low u nstable. Dress. dro o t,- -- r6
:"'" .ir: sorie drowr, Dewcer: flow unstable: Press. drop t! --,

1 ir;Fi: some Drown :owder; flow urnstab le Dress. d r c, t
Fi l1: some browrn ,-,wcfer: flow urstable: Dress. dr,-,o to '7-,Fiirt: fiome br Dc, wder -_, t~e Dress. r'zwerreerse stab E
Part film + oowder; Dress. + RF Dower reverse urstable

Dart fi Ij"i powder; Dress. + RF power reverse urstabeAPar fir' powder: Dress. + RF power reverse ur, stbl
Part fi lI + oowder: Dress. + RF oower reverse unstable

Part film + oowder; Dress. + RF power reverse ursta e
t1 mi. sm a 11 armst brown+ Fowder

F; iri'. sral 1 arnt brown powder
i lr,. sriai 1 arit brown, powder

Filr., small amt brown powder
Fi Im. small arnt brown, powderF i !rr, s-ma 11I arit bro-wn, powder

Fi I m. smia 11 amt brown oc,:wder
ThiCk o woer; flow unstable.
Thic k powder: flow unstable

Thick Dow er; flow urstab.e
Thick powder: fl,-,w ursta le
Thick ,:pcwoer: flow unst-ble; sar,-ie dropeci
Th i k oowder: fl10w unst able
Dee:) b r c.% nowder, some fi irr
Deeb r, wr DOWce'. soroie f i -,,,
Deed brc wr, cowcer. some fi Irs'
Deed r,-,sr, c.:.wder . sr'e f i
Dez br:- n zwCer. sCOe i r
Dee l. D,:,#ce.. s.m: f: r
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L r-c Sest r a t C.
7-v -

acc>C.7 >4.5 >

F C.O(J E C) ;

> O. 8

-> . 3 ) E.6

0. 7, .. 4' C).

0..- .E,- 0. L 0. 1 C.. 7- > :. 2

.48

z. ,. 0 7 0 C-I c
.C4

1 C)7 Q Q

m-,

> 1. 7

4 C)- (:) 1 C)

. : a. 8 > 4.0

l.8 1.8 >i.7

48

C C) r
"; 1 ',v:' 600C- 81!0:

'- ;2.9 .6 1.i >3.5

4'

". > 7. 5

1*'k
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':;c'2 & Ferr wri<Ied coat irin Ferr, formec o~r

C:at, rr[ wr:.r~ied 4(. r-:r. iritc. S test
Ferroxil w.vrinkles c:.at ir,

*-4-tS.04 eats coat .rip irn nE in

--catinr: o1.~e ff 40 in. rj SS: tes

scrazcm tests 1. c )-t. est

zr\s af * te i C at L

Ooat.n is v~rilec 40-- mir, i-'tc SS t.E-'st
.S-tu~ no rt affix to ccoat 2r.- for Puli test

wrinrt klec and flke 40~ riir :.rtc, SS test
ScrAc test cu.est iornable
Scrat ci tlest a uest ioriab 1

Ferr forrilec whiite then 500+ vel low crys in- E~3 moint
"'o.st of coatirc -Flaked 1 h iritc. SS test

-0%/ ru~st after I da

Scrat ci tests cu-est icnable
Sc'ratcr. t6,ests ouet :crable

Cotn 'laed off 5 h irtc, S tf-t
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TABLE 12

DATA FOR THIOPHENE DESIGN III

Orcer N unmber w set ,-,s S '. :.bs scc:r set ,. r2 .

A. A59 p5 5 i 35. 0 4 15 a45 3 50 56 .

3 A557 50[ :- 248 "; 1 14. 6 2. 5 1) !1-7

3 P5SA67 r- 0 500 -S :5 i5 3 50 146 E

4 ' 5 6 5 J0 5-'i- 5 5-

5SE 343 1. 150 9 150 ,48

6 A5955 50 50 249 i 50 150 39 50 57

A.J - .0 '') -,0 150: 29 57

7 P, 5.C? Po GSC 29 s c s

Sp53p63 5C 50C) "50 248 8 i 50 .E.

*,V

4%

9%

,2 "*



Pg. 2 of 3

TABLE 12

a Weiht "t Rate Tnickr, ess hick Rate T-rr, R2.te EDua6-.
G .e ,r"e - ai n,. c c n/, i , , sc cril r- /so r rn ir n Ar:D n / w i ri 1it-v

" E-C) w 3.2-G000 --. E-05 "- )=e -631

0. 0 0 02 2.-E-0 3. -3 3

E. 7;-r -C 5 I. 6E-05 98. 3
C). UU 2. -05 '. DE-)5 9. 'E-0-6 98.3

- )) i . S E-' . 6E-05 2. OE-06 .

3. E S. E-- -6 67.
C. ).C0, 1 2. 5E0 .1. 6E-05 4. 0E-C)6 67.

: 2. 0 0. OE--05 i . EE-C)5 3. LE- S 50 C. • -l
C0. C ':U'. 0l FE-0:5 1. 6E-05 3. :E-CS 58. a F
C.0:05 ;. 7E-A4 8. i E-S S2. 7E-05 Z 45

2 0. C)009 3. C Z -C4 1. 4E-O:i 4. 8E-05 45
0. 0 -. E-15 3. SRE-(.OS 2. 5E-06 2*i. 7

2 0. 000 3. i E-05 6 -- Q 4. 9E-6 2:. 7 F
E. E-4 E-4 6. )E-05- 5-3

_ ,:". C) 2. E-:4 I..-C- ,4 4. BE-O5 50

4.,

4
I
,

.
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oer ar Scratch Scratch
On",'6 servat I oris. 4 2

4

I F_-~~'.& ia2 oXv.E'r, Drer.t : ~el

, Cr eco er Olate-
' C . t,., 44

' . -5" .- L? ,. rc, ,-4 4C)Q

n epc~- dz -~:ernt -4 0
i ; 0 7 0C4:

Sc-- - c :

' A,.''.. ... -(
'

...l -..
"('

- o

IA

-A

"*"A
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DATA FOR THIOPHENE DESIGN IV

- : 2 .. :- t  L .. :- s ; :'-j E:, ,j se ... 24 ,5

'Lm._

.7 .,-" C."-

%£ %

5, P5= = 5.:. : ._ ,2,. ... ,". ... . -. " 55. " .as& .. ,

"6 P5"=- " ,' :CC :as" a2. ':' ...c a'> &' :,s " ' s
7 -,-,.1 cc sc,..,'. ' '._ a. --

,A.'

.

'4

ii ," . , ." ." , .'- o2 ',', v " , , I ,". ,, -. , . . . ". - . . - v
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%'l 4 ,e e.ei;. t tRate Dil-tel
,,,ulm~er Ga i r. n r -7i r, c/sc crl c/sccr.,/, ;i n, it v
------------------ -------- --------- --------- ---------- ------

2 Oo. 004 i. E-05 6. 4E-05 I . 6E-06 F
c-U. 0004 1. 0E-05 6. 4c-)5 I. 6E-6 F
I 0. OOC1 4. 5E-06 1. 6E-05 7. 3E-07
2 0. 0000 BF

,C o. ;)3 8. 6E-06 4. 9E-0Z5 1. 4E-06-,
i 0. 0003 4. 4E-06 3. 2E-05 7. I E-07 F

0 0. 0003 6. 7E-06 5.0E-05 1. IE-06 F
0 0. 0012 8. 2E-05 2. OE-.4 1. 3=-05 F

E C). 0011 7. 3E-05 1. 6E-04 1. 2E-05 F

1 U. 0015 1. C)E-:)4  2E. 46-04 66-05 F
Q 0. 0017 1. I 1-04 2. 7r_-04 1. BE-05 F

0 0. 0048 =. 3E-04 7. 7E-04 5. 1E-05 
2 0. 0051 3. 4E-4 8. IE-04 5. 4E-C'5 P

C . 0015 i. OE-04 2. 4E-04 1, 6E-05 F
3" 0. 00, 1. 4E-04 3. 3E-04 '. 36-Q5 F

'-,.-"

9~%

. '%

.5
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Comrents arc Scratcn 5cratc.I ictes a.,
Observat io s 1 2 i s.ervat i -:, ._

Rotate Dlatforr by hard: Dress 4 10
f 1 uct uat ed

Blue hew (oxidatior?) ; press 4
f Lc. : rotate platf orn- by hand
Press filuCtuated 4 EC)

'.

R.:Rtate t atfzrrn by har, d 4 20
4 0 asc5 0

Pre,s f uctuated 25- 70,'0

f. rilr ur,der' owder 2"00 4500 Scratch e ce- -
")00 6000

Sr fluctuateC, 70 3000

N
V.

.°

'9.
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TABLE 14
DATA FOR THIOPHENE DESIGN III-A

AT 500 MICROGRAMS PER SQ. CENTIMETER

De_ r, Rut Power T : Fow _ ELo Te:,.D, e C "F::ye
Order Nurnbev- v se": ,s sct o-ba 5ccr set obs rI i r,
-- -- -- -- -- - -- - -- -- -- -- -- ---- -- - - - - - -

A59C6 .0 EV 248 15 15 E S 54 12C

" 1iU

i'iao

I C)

5'. . 5 5 5P 250 2z8 . 5 3 I5' 1'3 3,
.5' 3.6

5E,

5-s

P., .A 0 50 493 15 15 _5 '._

'10

4 P5A6 5' 5 3A' 498 15 15 2 50 76 62

63

83

2l3
P- 5 A 8 S 20 246 146 8 150 14- 66

~66

66

6 A59A64 50 250 248 E:(") 150 29 50 68 14

14
14

5, 14
5 

14

7 P59q87 20 5 0 499 150 150 :, SC 47 125

5i 125

,1 25

125
125

SI.

St.

- . ---,
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.E., SDmpe W R_+t 6%t Rate Thcres!nick Rate ]-,,,Rate Dua-

IN !Er Gai., i r, , ccrn /scmi/mirs Pr r/mr, ity

0. 0038 3. 2E-05 6. IE-04 5. IE-06 F
3 C. 039 . 2E-05 6. ES-04 5. 2E-06

C. 0037 3. 1E-05 5. 9E-04 4. 9E-06 -

4 0. 038 3.2E-05 6. IE-04 5. 1E-06
0. 0053 4. 4E-Q5 5. 5E-04 4. 6E-06 F

6 ,.0C;57 4. E1-05 5. SE-04 4.9E-06
0.. 0004 . lE -O C 6. EE-OS1 8. E-06
0). C.'05 1. 4E-05 7. 9E-0 2. 2E-06 F

" .0003 8. 3E-06 4. 7E-05 1. 3E-06 -:

(-. 0C03 8. 3E-0)6 4. 7E-75 1. 3E-06
5 C. ('004 i. iE-05 4.3E-05 i. 2E-06
6 ) 0. 0006 1. 77-05 6. 1E-05 1. 7E-06

C. C0 C) .F 6-05 4.0E-04 3.3E-06 -

0. o 0A4 a. C -5 3. E-04 3. 2E-06
C. C. 00'3 . 9E-05 3. 7E-04 3. IE-06

u.0027 E. :-05 4. 32-04 3. 6E-6 06
5 0. 0038 3. E-05 4. 0E-04 3. 3E-06
. 0. 0033 a. 83-'5 3. 4E-04 2. 8E-06
S0. 0024 '. 9E-05 3. 8E-04 4. 6E-06

4 O. OOZO 2. 4E-05 3. 2E-04 3. 9E-06 F
3 0. 0022 2. 7E-05 3. 5E-04 4. 2E-06 F

0. 023 2. 8E-05 3. 7E-04 4. 4E-06 F
5 0. U036 4. 3E-05 3.7E-04 4.5E-06 F
" 0. 0035 4. 2E-05 3. 7E-04 4.4E-06 F
" 0. 0024 3.6E-05 3. 8E-04 5.8E-06 F

0 0. () (')I E . 4E-O)5 2. 6R-04 3. 9E-06
3 0. 0020 3. OE-05 3. 2--.-04 4.8E-06 F
4 Q. 0021 3. 2E-05 3. 4E-04 5. IE-06 F

V'. 5 0. 0043 6.5E-05 4. 4E-04 6.7E-06 F
6 0. 0040 6. 1E-05 4. 2E-04 6. 3E-06 F
I O. C)027 1. 9E-04 4.3E-04 3. 1E-05 F
a 0. 0027 1. 9E-04 4. 3E-04 3. 1E-05

v..-v" 3 0. 0028 2. 0E-04 4.5E-04 3. 2E-05
0 . 0027 1. 96-04 4. 3E-04 3. 1E-05 F

5 0. 0040 2. 9E-04 4. 2E-04 3. OE-05 F
C. 0. 0036 2. 6E-04 3. 6E-04 2. 6E-05 F
i 0. 0035 2.8E-05 5.6E-04 4. 5E-06 P
' 0. 0028 2. E-05 4. 52-04 3. 6E-06 p
.3 0. 0037 3. OE-05 5.9E-04 4.7E-06

0 0. 0037 3. 0E-05 5. 9E-04 4. 7E-06 P
5 . 0066 5. 3E-05 6.8E-04 5. 4E-06 P
6 o. 0049 3. 9E-05 5. OE-04 4. OE-06 P
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Ec'-.-fets ari
-A ctservat -i:rs

2 --ess cr-c0 to LZA', rc-se slowly

C4ut

Pres flu.ctiated

Press. fluctuated: cat inas.
fin~e layer utcwder over film



Pg. 4 of 6

TABLE 14

E'~xt>. cratcll u 11 Acic CLE\EStC-S4 ~Errcy *.. .

ZI si -!crv -Cc-/ -g~c, !C)rv g~crv 'Icrv ~ .

C)

70O 3,0

7 0

i~~. 0 Li-,-:.5 .

C, E Cl E I . q E -. L , .

i 00 6o0':) C:'

37 k-C 7 '': 00

4,:' 9 .:1' 4t C06D70.

.0,4 1. I I .0 6. 9 . 0 . .2

.%
'...EA

',.

I ,@,7 "i
u0.~ 0 . 6 :. 9 3.6 o{. L; ai.

S400C 60001

--- 60;:' 7000€,'.' 160

30 200 . 150

I ,

o
',2',
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4.-,

V - . bc." C

4'.2 '.. .

I,

4 €.

N.

'i

N
""pp0

1*I

e, ' )

'C
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U tE L ~C a2', cZf-: vjEi In&. -:r ster-

E.- E a- F L _

4X4

2:':irs Crv -3~ rcn rf (cry arc'unt v'tc C-S)

--. E,,

% t -i, E, ri 4 e L: - 1C -K5% (test irnterrumtteo)

e 5 e (iri exces~s f. half film left

Ic tes f'EC ar I (f7 5

E-4excE. E

4.%

e e rcEE 1~ el.' .-Ie a 2
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TABLE 15
DATA FOR SELECTED RUNS FROM THIOPHENE DESIGN IV

AT 500 MICROGRAMS PER SQ. CENTIMETER

Z - D" S"7. S, G-, c. :" s c c r,, s ,c - s

2 ~533 6 50 5 a 0u ~5 :5 3 S

A4 ZKE Q 500 7: 5 - 5

" 3:= . . . ) _ , .'S30 25 5. 50 3 Z, 4L

6 '3E35 :.u SC s~ SO15 2 150 :5. 1

46P59E'94 100 500 438 150 150 29 250 252 EE

.E 6
.E6

LIZ

= - . ": ' 5 ) 0 . . . . . .* i 5 ( ' -ap p . . " - ,
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te -i Wt Ra:e ric rles.s ",,ic Rate -- rcr, ate

k O. G;1E G i. C-0 4 2. 5E-03 I. LE-'5

C) 0~ 44Z 1 ;:,-C - 1 )4 .3-,,3S 9- C',5
C,.J. C 5 a. 4E-(4 E6E-03 . 0- 5

- y CS 4 1. 3E-;4 C. E-5
5 0. CE'i4 ,.:. OE-C+ .4E-,:3 3'. 0E-'5

"- G, ?. 0;:79 . - ". L ,_ ., i .-. T.-U5 \ . -

,o)( 8. 3E-0u 6E-04 . E-06 5 0

,. .0(0.7 5. 8cE-06 9. I. 9 -,7 5-. 07
S c. 006 . E- .- ,: 5 0

0 . 9 E ZEE 1 -C -4 9 53. 0 -

5 O . 003 . E-05 4. 0E4 .. -6
* 0(- 7. 3E-05 6. L . E-06

~~ 3:-os 4. G-t 1.CEC7. 5-05 ).6E-04 7.9E-06

' 8 7,.:-: ,,". E-4 i7. 7E-06

5. 5E-05 ,. 7E-c4 8, 25-06
C. 5. 5E-05 3. 7-04 .7E-0 8.

0. : 6),-,G 6. 7E-C5 4. 2E-04 9. 9E-06
C) 0 2- 5. 2IF-05 3.5--04 8. 45-06E

5 .. 0054 .5-04 5.7E-04 1. 3E-05 F
W. 002 6. 9-'-5 3. 2E-04 7. 9E-06

. 039 5-04 6. 45E-04 . aE-0j
. 0045 . 5-04 7. 2E-04 2. 5E-05 ._

":) . C; .9-04 6. 0E-04 2. 1E-05 5
I .0039 0. 3E-04 6. 4E-04 a. 2E-05o
5 o. 0082 2. 8E-04 8. 4E-04 2.95E-05 F'
6 C'. 0047 1. 6E-04 4. 9E-04 1.7E-05 F

0 0. 0037 1. 4E-04 6. 0E-04 2. 3E-05 r

S5 ,. 0051 2. 0E-04 8. E-04 3. 1E-05 F

3 0. 0033 1. 3E-04 5.2E-04 a. 7E-05
4 0. 0036 i. 4E-04 5. 7E-04 2. 2E-05
5 0. 0059 2. 3E-04 6. 7E-04 a. 3E-05 F
e¢ O. C))5 2. 0E-04 5. 5=-04 -2. !E-5

1w
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rCe~s Crt':. tC, 9: increase...

F .~2~~to brirnn :Des 1-

~~Z 0 rr:.C 'Se I C-W

r 1 4 -( L

- ~ crc~S7 a&ric. Ve

2E7. roe n

& t 0 22 C, 5. rose, arto,

V . V%00 .
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- :~~E. Scry 1C-')z c 'rv 5crv I-crv 'ry.-

15

5?. 6 7. 2 0. 4 0. 6, C)a . 4

z; ac0 1 .oo G. C14

I~~~~ C)C ) D5

Z C sCo C) C,C) c C

0).7 4.5 2.6 8.3 5.5 12.8

72
S000 C)0000' 20

.5 3.C 05 4.8 19.2 36.3

15 4J
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A b c)Cn

400

EL
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(an~~~ txc s. ie , - a t: -,i. r~ -r s:,i-.e

c: -i E2 1r ar- sC'r att-~Ci cr: rti':ec~i.

I:u.~ cr yI. then b2 61 (u0.1,E trod

Stes-L fal-e "l. h '95 est inter~r -itec 2)

c .. E T s, ,.1 1 L t e I. CC:C -5(, harrt', 1,.x):

I

(r. e cf s re eft sc rat c, n >CCC m.ia\x)

,-kSZ), i . F r-vx cr.ft ) if-r ed cr 30si e

-:'l test 72."1 13c C 98% (test lrterruLoted c),ce

(-r ex 4-,o-e e t ca ci 100 Oix

=i.nfa4.of.ar it l o-s (llP 1,S
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Desir ur, SamrI~e XPS Eircir:: ,-rer iEs ,.: Cls at. J-64.7
Orcear N_ber Nu.ber Cls cr Ols S1 Nis Cis

7 559-7 4 1.7 16.7 0.434
A 596 4 C.4 53.0 1E4. 6/168 359. 3.437

E A5595 1. 4 531. 163. z O. A44

.j%"

'

*1%'

V
C..I 1

iC11,

%..,'..

C,
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XPS Pt'.mic Fractin
Ols DJ~ Nls

0'. 419 0i. 147
0. 425 0.(-047 C) 12 14
C. 75 0.,185
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TABLE 16

DATA FOR HMDSO DESIGN I

..esiCro R uri Power, W Flow Flow Press Tertm. oerC Timre
or-ere Numer sst obt set scc'1 set set obt mir,

1 A59S0128 50 15 3.5 350 150 147 3C)
3,'")
30
30

' 30
3 C.

, A59S0124 20) 196 15 3.5 350 25C) 242 30

30

30

viL 30
S9 59S0 -'3 50 150 30 350 250 251 30

30
30

30
30

4 A59S0129 200 160 150 30 350 150 181 30
C30

30
30
30
30

5 A59S0130 50 15 3.5 1000 250 250 30
3 0
30
3 C)
30
30

6 A59S0126 200 187 15 3.5 1000 150 155 30
3-C)
303%
30
30
30

7 A5'S0127 SC) 150 3C0 1000 150 159 30
30
30

30
8 P59S0125 200 154 150 30 1000 250 263 30

30

V v N- I

A' 30

.
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TABLE 16

V

Sample Weioht Wt Rate Thickress Rate U
Number Gain, c //r,. , /sacm c/sccm/mir: izy

1 0.0013 4.-0-C5 i.4E-0/i 4.5E-06 F
2 0. 0011 3. 7E-05 1. 1E-04 3. 8E-06 F
3 0.0007 2. 3E-05 1. E-04 3. 7E-06 F
4 0. 0006 2. OE-05 9.6E-05 3. -E-06 F
5 0.0003 1. 0E-05 8. 4E-05 2.8E-06 F

" 6 0. 0004 1.3E-05 1. 1E-04 3.7E-06 F
0. 0018 6. 0E-05 1. 9E--4 6. 2E-06 F

" 0. 0023 7.7E-05 2. 4E-04 7. 9E-06 F
3 C. 0012 4. 0E-05 1. 9E-04 6. 4E-06 V
4 C). 00 13 4.3E-05 2. 1E-04 6. 9E-06 F

0. 0007 2. 3E-05 .'. 0E-04 6. 5E-06
6 0. 0005 1. 7E-05 1. 4E-04 4. 6E-06 F
1 0. 0000-

0 C. 0001 3. 2E-06 1. CE-05 3. 4E-07 7
43 0. 0000

5 0. 000 3.Z3E-06 2. 8E-05 9. 2E-07
)'." '" 6 -0.0C,

i 0. 0029 9.7E-05 3. 06-04 1.0-05
a' O. 0029 9.7E-0,5 3. OE-04 1. OE-05 F
3 0. 002-0 6.7E-05 3.3E-04 1.1E-05 -7
4 0. 00,2:2 7. 3E-05 3. 6E-04 1. 2E-05 F
5 0.0 1 i 3.7E-05 3. 0E-04 1.OE-05 F
6 ). 00 12 4. 0E-05 3. 3E-04 1. 1E-05 F
1 0.0008 2.7=-05 8.4E-05 2. 8E-06 F
2 0.0C) 3. 7E-05 1. I E-04 3. 8E-06 F
3 0.0007 2. 3E-05 1. 1E-04 3. 7E-06 F
4 C). 0007 2. 3E-05 1. 1E-04 3.7E-06 F
5 0. 0006 2. 0=-05 1.6E-04 5.5E-06 F
6 0. 0003 1. OE-05 8.4E-05 2. 8E-06 F
1 C). 0036 1. 2E-04 3.6E-04 1. 2E-05 F
2 . 0024 8. 0=-05 2.5E-04 8. 3E-06 F
3 0. 0015 5. 0E-C5 2.4E-04 8. 0E-06 P

,.... 4 Q0. 0012 4. 0E-05 1. 9E-04 6.4E-06 F

,-. 5 0. 0006 2. 0E-05 1. 6E-04 5. 5E-06 F
6 0. 0008 2. 7E-05 2. ;-E-04 7. 4E-06 F
1 0. 0034 1. 1E-04 3.6E-04 1. 2E-05 F
2 0. 0034 1. 1E-04 3.6E-04 1. 2E-05 F
3 0. 0024 8. OE-05 3.9E-04 1. 3E-05
4 0. 0033 1. 1E-04 5. 4E-04 1. 8E-05 F

", 5 0.0016 5. 3--05 4.5E-04 1.5E-05 F
6 C. 0010 3. ::E-05 2. 8E-04 9. 2E-OE
1 C. 0008 2. 7E-05 8.4E-05 '. 8E-06
a .0015 5. 0E-05 1.6E-04 5.2E-06 F
3 C. 0007 E'. 3E-05 .1IE-04 3. 7E-06 F
4 C. 0069 2.3E-04 1. 1E-03 3. 7E--05
5 0. 0002 6.7E-06 Z. 7E-oS 1.9E-06
6 0. 0007 2. 3E-05 2. CE-04 ' 6. 5E-0r F

'p
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TABLE 16

' .'.. C,-,rimrert s arno
'b'b C _rvat :cr,

.- ,. ra r~:b,: ' Press fluctuates betwee: -14-3E3.
t -,pr, ines o,,t; Salt test (1) faile @97%Y:
,ul (3) !S% filtr , left: Micro. (4) CuSOZ:. verv
"sra'. I Cu crys; Ferroxil, blue crys

Filr:. rairbcL-i: Salt (1) faile C0-%: P,.:, '4)
CC'% fi l le t; Y: icri,. (3) CuSC,4, Cu crys;
F-errcxi l, blue crys

-i : . rair', ow; Pull (3) stud rot affix to, sanInle:
%':.4) CuEtS.-. Cu crys. Ferroxil, blue crvs,:

5a ' (:*)"aie 959 Y

ilin. silver with faint iime rairnbow Flow reeded
oeriodic aedustniert: Salt (1) failed @95%:
, :1 (3) 20% film . le-t? ; Micro. (4) CuS04, brown.
srmall Cu crys: Ferroxil, blue crys. 1003+ fair, t,
-" sn a br,wn svot s

-i i,. rairibow; Press fIuctUated between 976-1020
cortinu,usly: Salt (1) failed F98%: Pull (3)
30-40% filrmi left-, Micro. (4) CuSO4, Cu, cold,
silver, brown crys: Ferroxil. blue crys

Fiirs', silver, trarsoarent & peels around ecoes;
tem.o mon failed after 10 min: Salt (2) failed @95%
: Lull (3) stud rot affix to sarncle, Micro. (4)
Sw-thin sec laroe area turns Cu Lr CuS04. blue
frorm Ferroxil, film wrinkles; filnJ- car be easily
scraced off with needle

-ilrt, silver with white sticky, oowoer-like
surface: Salt (1) failed @98%: Pull (4)
99% filr, left; Micro. (3) CuSO4, cold, Cu, rust
crys; Ferroxi 1, blue crys, solr, tends to roll or
-arIple surface

"" . Filr,, rainbow w rold hue; chared ternD mon 12 rnir:
into rut: white foan on samoles: Salt (2) failed
@95%; Pull (3) stud came off; Micro. (4)
CuS04, Cu crys (Neut" srall crys, also brown.
rust); Ferroxil, blue crys

rS
IX"
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* Sc-,tccScc-atcn Dull Salt Aci CuSC4 Neutt CuS04 Ferroxl. C'--r. cC- t F, - . _
i h =c-v l. r 5c ry lCcry 5cry .Ocrv .$.

80

4 70C) C
0).3 C0. 6 0. 4 C0.7 0 a. 84

0.4 0.5 0.4 0.6 .2. G . i" .'( 40O0 90

26 4-4 C

4
00.. ~ oa . 9.5

14zL

1 500 140
3.8 5.1 0.4 1.6 15.0

144
40(

4 500 190
1.2 1.9 0.3 0.8 7.0 15.0

6
50 1000

0. 5 1.0 0.9 1.6 0.4 0. 8
3 '( 700 410

401

4 1000
0.3 . 6 0.4 0. 7 0. 0 C).4

%".-45E6

" %
pp.%.
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F"ir Rut n Pwe . lc, c F row ress Te d, .eqC Time
SC- cer N urn ber set -,.bt Set sccm set set obt inr.

0 A59SC 120 95 60 7 675 2 00 i 61

:, f-j

30

30
30

0 .5311 95 SO0 7 675 200 2 05 30
30

30
30
30

0 . _5 9 ;-C2- 95 90 8 675 200 204 30

30

30

30
) A 0 59S0131 95 90 8 675 200 204 30

30

30
30

3030

.j30
x .30
.. 3(,

.5,.
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Sa-i e Weirht Wt Rate Thickness Rate Gual

Number Gain. c r/nir, /socrn o/sacm/mir, ity

i 0. 022 7.3E-05 2.3E-04 7.6E-06 F

0 (. 0021 7.0E-05 2. 2E-04 7.2E-06 F
3 C. 0015 5. 0E-05 2.4E-04 8. OE-06 F
Z 0. 0013 4.3E-05 2. 1E-04 6.9E-06 F

5 0. 0006 2. OE-05 -. 6E-04 5. 5E-06 F
6 0. 0007 2. 3E-05 2. OE-04 6. 5E-06 F
1 0.0017 5.7E-05 1. 8E-04 5.9E-06 F
2 0.0012 4. 0E-05 I. 2E-04 4. 1E-06 F
3 0. 001 1 3.7E-05 1. 8E-04 5. 9E-C:6 P
4 0. 0010 3. 3E-05 1. 6E-04 5.3E-06 F
5 ). 0005 1. 7E-05 ,. 4E-04 4. 6E-06 F

6 0. 0005 1.7E-05 1. 4E-04 4.E-06 F
0023 7. 7E-05 2.4E-04 7. 9E-06 F

2 0.00F: 13 4.3E-05 1.4E-04 4.5E-06 F
3 0. C)005 :. 7E-05 8. IE-05 2. 7E-06 F
4 . C 1E6 5. 3E-05 2. 6E-04 8. 5E-06 F

5 0. C)002 6.7E-06 5.7E-05 1. SE-06 F

6 0. 0C002 6. 7E-06 5. 7E-05 1. 9E-06 F
*1 0. 0027 9. 0E-05 2. 8E-04 9. 3E-06 F

2 C. 0041 1. 4E-04 4.2E-04 1. 4E-05 F

3 0.0017 5.7E-05 2. 7E-04 9. IE-06 F

4 0. 0044 1. 5E-04 7. 2E-04 2. 4E-05 F
5 C. 00 i 9 6. 3E-05 5.4E-04 1.8E-05 F

6 0. 0014 4.7E-05 3.9E-04 1.3E-05 F
1 0. 0020 6. 7E-05 2. 1E-04 6.9E-06 F
2 C). 0023 7. 7E-05 2. 4E-04 7. 9E-06 F
3 C. 0010 3.3E-05 1.6E-04 5. 3E-06 F
4 0. 0014 4. 7E-05 2. 2E-04 7. 5E-06 F
5 0.00o8 2. 7E-05 ': 2E-04 7.4E-06 F

6 0. 0007 2. 3E-05 2. 0E-04 6.5E-06 F

'4

p..', ' .2'. .'e2
", .-' . . . -_ ; . . , . , ,',

.' ' ' .' ".". & , ' ; ,/ . ...,. v ,v
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SE'71l1 e 'Weicht Wt Rate Thickness Rate gual

Number Gair. q c/mir, 3/socmr o /socm/rji r ity
------------------ -------- --------- --------- ---------- ----

"1 0. 0022 7.3E-05 2.3E-04 7.6E-C'6 F
0 0. 0021 7.OE-05 2. 2E-04 7. 2E-06 F

3 0. 015 5. OE-05 2'. 4E-04 8. 0E-06 F
4 0. 0013 4. 3E-05 2. 1E-04 6. 9E-06 F
5 0. 0006 2. 0E-05 1. 6E-04 5. 5E-06 F

, 6 0. 0007 2. 3E-05 2. 0E-04 6.5E-06 F
0. ( 0017 5.7E-05 1.8E-04 5.9E-06 F

2 0. 0012 4. 0E-05 1. 2E-04 4. 1E-06 F

3 0. 001 1 3. 7E-05 1. 8E-04 5. 9E-06 F
4 0. C 010 3. 3E-05 1. 6E-04 5.3E-C'6 F
5 0. 0005 1. 7E-05 '. 4E-04 4. 6E-06 F

6 0. 0005 1. 7E-05 1. 4E-04 4. 6E-06 F
C 0. 0023 7. 7E-05 2. 4E-04 7.9E-06 F

. 0C13 4. 3,-05 1. 4E-04 4. 5E-06 F
3 0.0005 . 7E-05 a. 1-05 2. 7E-06 F
-. 0C:1E, 5. 3E-05 2. 6E-04 8. 5E-Z F
5 0. 0002 6. 7E-C6 5. 7E-05 1. 9E-06 F

6 0. (;002 6.7E-06 5.7E-05 1.9E-(:6 F
i 0. 0027 9. OE-05 2. 8E-04 9. 3E-06 F

0. 0041 1. 4E-04 4. EE-04 1. 4E-05 F
3 0. 0017 5.7E-05 2. 7E-04 9. 1E-06 F

v 4 C.0044 1. 5E-04 7.2E-04 2.4E-05 F

5 0. 0019 6.3E-05 5.4E-04 1. 8E-05 F

6 C). 0014 4.7E-05 3. 9E-04 1. 3E-05 F

1 C). 0020 6.7E-05 2. 1E-04 6. 9E-06 F
2 C). 0023 7.76-05 2. 4E-04 7. 9E-06 F
3 0. 0010 3.3E-05 1. 6E-04 5. 3E-06 F
4 C. 0014 4.7E-05 2. 2E-04 7.5E-06 F
5 0. 0008 2.7E-05 2. 2E-04 7.4E-06 F

6 0. 0007 2. 3E-05 2. OE-04 6. 5E-06 F

5'A

5...

- 5
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Cormnents and
Observat ions

Pi l.m. v-airbow w ct-av hue; terro HkenI cecreaslrc
t tu urn: Salt (1) failed @98%: Pull (3)

80% Film left. M~icro. (4) CIAS04. Cu cr-ys. witin
.45 sec *-)'owrn str-eak.s ccver- 30-40% of c~c;'-err,,
bit-e crvys. wit -air 5 sec brown sttreaks coven- !10-60%
cfroo,. brown snot s f':r 5 & 10C cryvs in~ 0. 1 ninV

Fr-irabow w or8v hue: flow @ 90: Salt (1)

'I cr:c. (4) CLLtCO4, C.~ ct-ys: Ferroxi ±. bilue cyy

iln-, ra~rrflow w z.cvhe; PUll (3) stuc ca,-;ie off-.

'Y :c 4) CuSC-4. C,- 1, small silver- cr-v-- Fei-t-ox l.
I~u Crys. S nly 5 forQed:' S El t (1) 'F i 1eo -'D

s;- s~r-av n~n I ot o-ru1stec ~uhrust! . ke oth e Y
.a' IlEs i n t h: b ,natti x s e ie s

sm siIv e r w f &.JLr ,t l7imrie r-a inrb c1w:- S aIt (a.) fa i 1e c
*d5a%. Pull k3) 80% filmr, left, -Micrco. (4)

CuSO4. Cu. si lver,, rust soots; Ferroxi 2. blue cr-ys

77i .I w, 5ilver w fairnt lime rainbiNw Salt (1) failed
R. 6% ; Pull (3) 10 or- 90%/ film left):

Y1 c rc.. (4) CluSO4, very small silIver- crys, a. COLIC. e
r-ust Cu ones. Ferrox ilI bl ue crys (I inr a5 rirn)
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Sc--etcliScr-ch .i-, Salt Acid 'CuSC4 Neut: co04" F e r'-erY'Cx i Coruc1tarce --. r,
SDi 5cr, 10Crv 5crv 10cry 5crv .C0cry AC-; -at,

48

4 1 ,0
0 . 0.6 C 0. C.9 . 6

" D
0.2 0.4 0.6 0.8 7. 1,.9

:6E

0. 7 1 (1 .4 C).6E 4,1

41

44

0.3 0.6 0. 3 1.8 19. 0

30C)

C) 500 30
0.3 0.7 0.7 1.5

-At-

%.
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TABLE 17
DATA FOR HMDSN DESIGN I

Std Run PowerPowerFlow FlowPressPressTineSarnple Weight Rate Qual
OrdNumber set obt HMDSN 02 set obt min Number Gair, g p/sqcm/min ity

1 86428 50 15 2 250 15 A 5E-04 5.3E-06 F
15 B 6E-04 6.4E-06 F
15 C 8E-04 8.5E-06 F
15 D 1.OE-03 1.1E-05 F
15 E 4E-04 4.3E-06 F
15 F 8E-04 8.5E-06 F

2 86414 200 15 2 1000 15 A 2.OE-03 2.1E-05 F
15 B 2.2E-03 2.4E-05 F
15 C 2.5E-03 2.7E-05 F
15 D 1.7E-03 1.8E-05 F
15 E 1.6E-03 1.7E-05 F
15 F 1.7E-03 1.8E-05 F

3 86413 50 150 2 1000 15 A 9E-04 9.6E-06 F
15 B 7E-04 7.5E-06 F
15 C 1.OE-03 I.IE-05 F
15 D 1.7E-03 1.8E-05 F
15 E 1.8E-03 1.9E-05 F
15 F 1.8E-03 1.9E-05 F

4 86429 200 160 150 2 250 305 15 A 1.5E-03 1.6E-05 F
15 B 1.7E-03 1.8E-05 F
15 C 2.2E-03 2.4E-05 F
15 D 2.7E-03 2.9E-05 F
15 E 2.4E-03 2.6E-05 F
15 F 2.7E-03 2.9E-05 F

5 864210 50 15 5 1000 15 A 1.6E-03 1.7E-05 F
15 B 1.4E-03 1.5E-05 F
15 C 1.6E-03 1.7E-05 F

15 D 1.SE-03 1.9E-05 F
15 E 1.8E-03 1.9E-05 F
15 F 1.OE-03 2.IE-05 F

6 86416 200 170 15 5 250 15 A 6E-04 6. 4E-06 F
15 B 9E-04 9.SE-06 F

,. 15 C 1.OE-03 1.1E-05 F
5- 15 D 1.1E-03 1.2E-05 F

15 E 1E-04 8.5E-06 F

15 B 1.1E-03 1.2E-05 F

15 C 1.4E-03 1. 5E-05 F
15 D 2.3E-03 2.4E-05 F
15 E 1.7E-03 1.9E-05 F
15 F 1.9E-03 2.OE-05 F

8 86415 200 147 150 5 1000 15 A 2. 5E-03 2.7E-05 F
15 B 4.7E-03 5.OE-05 F
15 C 4.1E-03 4.4E-05 F
15 D 4.OE-03 4.3E-05 F
15 E 3.9E-03 4.2E-05 F
15 F 4.IE-03 4.4E-05 F

0 86381 125 90 3 625 30 A 5.2E-03 2.BE-05 F
30 B 5.7E-03 3.OE-05 F
30 C 3.3E-03 1.8E-05 F

30 D 5. OE-03 2.7E-05 F
30 E 4.9E-03 2.6E-05 F

,
- . . -....... ..-
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30 F 4.9E-03 2.6E-05 F
0 86382 125 90 3 625 15 A 1.7E-03 1.8E-05 F

15 B 2.2E-03 2.4E-05 F
15 C 2.9E-03 3.OE-05 F
15 D 2.9E-03 3.1E-05 F
15 E 2.6E-03 3.OE-05 F
15 F 2.SE-03 2.BE-05 F

0 864211 125 90 3 625 15 A 1.8E-03 1.9E-05 F
15 B 1.7E-03 1.7E-05 F
15 C 1.6E-03 1.7E-05 F
15 D 2.8E-03 3.OE-05 F
15 E 2.6E-03 2.8E-05 F
15 F 2.5E-03 2.7E-05 F

0 864212 125 90 3 625 15 A 1.9E-03 2.OE-05 F
15 B 2. OE-03 2. 1E-05 F
15 C 1.8E-03 1.9E-05 F
15 D 2.9E-03 3.1E-05 F
15 E 2.9E-03 3.1E-05 F
15 F 2.4E-03 2.6E-05 F

1 864213 50 15 2 250 15 A 9E-04 9.6E-06 F
15 B 7E-04 7.5E-06 F
15 C 8E-04 8.5E-06 F
15 D 1.2E-03 1.3E-05 F

( 15 E 1.1E-03 1.2E-05 F
15 F 1.OE-03 1.1E-05 F

864214 200 183 15 2 172 185 30 A 3.1E-03 1.6E-05 F
30 B 1.6E-03 8.5E-06 F
30 C 3.5E-03 1.9E-05 F
30 D 7E-04 3.7E-06 F
30 E 9E-04 4.8E-06 F

4. 30 F 1.3E-03 6.9E-06 F
864315 200 179 15 2 196 216 35 A 9E-04 4. 1E-06 F

35 B 1.1E-03 5.OE-06 F
35 C 9E-04 4.1E-06 F
35 D 3.2E-03 1.5E-05 F
35 E 3.2E-03 1.6E-05 F
35 F 3.OE-03 1.4E-05 F

864316 200 181 10 2 188 188 60 A 4.5E-03 1.2E-05 F
60 B 4.OE-03 1.1E-05 F

*-' 60 C 3.7E-03 9.9E-06 F
60 D 1.1E-03 2.9E-06 F
60 E 9E-04 2.4E-06 F
60 F 1.2E-03 3.2E-06 F

.,



Pg. 3 of 4

TABLE 17

Glass Comments and ScratchScratchPul 1
Stage Observations 1 2 psi

G Film rainbow; rotating stage
Ga not running; Pull B&E stud 4 2000
6 came off, 0-5% film left or,
S sample
S 20 2000
S
G Film on glass silver w aqua 4 1500
G rainbow, on stage silver &
G uneven film, easily scratch;
S Pull A&E stud came off, 0-20%
S film left 20 2000
S
G Film on glass silver, rainbow,
G on stage silver, oily; Pull C&
G E 80-100% film left, Pull F 4 100 20
S not wiped w TCE, stud came off
S 4 4 780
S 4 4

. Film dull gray; Trouble
6 setting power; Pull B 95% film 4 400 190
G left, Pull D stud came off,
S 90% film left 800 1500
S

--. S
G Film slight lime color; Pull 50 4000
G A stud came off, Pull E 10%
G film left

• S 150 4000 20
S
- Film green & pink rainbow;
G Trouble matching power; Pull C
G 20-30% film left, Pull E stud 4 500 20
S came off, 30% film left
S 10 300
S
G Film on glass slight rainbow,
G on stage silver; Pull B 60-70% 4 300 50

- G film left, Pull D stud came
S off 10 Soo
S
S
p Film dull gray; Trouble
G matching power; Pull B&D stud 4 1500

G came off, 90-100% film left
S 30 1000
S
S
G Film silver; Pull B 70-80%
G film left, Pull F 10% film 200 900 20
G left
S
S

9 p - 9. * -s. * * ~ .
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S 500 700 450
6 Film silver; Pull B 20% blue
G film left, Pull E 10% blue 4 1000 80
a film left
S
S 500 1500 0
S
G Film on glass slightly lime
G colored rainbow, on stage dull 100 500 0
G gray; Pull B 10% blue film
S left, Pull E stud came off,
S 1-5% film left 400 800
S
G Film on glass slight lime
G color, on stage dull pray; 500 700
G Pull B stud came off, 20% blue
S film left, Pull D stud came 400 500
S off, 95% film left
S
G Repeat Std Ord 1; film
G rainbow; Pull B 60% film left, 4 2500 120
6 Pull E 10-20% film left

$" S
S 4 2000 450
S
G Film on glass crazed, slight
G lime rainbow, on stage flaky
G rainbow; Press open; Pull C 0% 10 500 440
S film left, Pull E 60% film
S left, both Pulls cream film 4 90 120
S peels off

St 1 Repeat run 864214; film flaky
G rainbow; Press open; stage not
a at ground potential; Pull C 4 500 2920
S 30% film left, Pull F 60% film
S left, film similar to 864214,
S samples D-F more flaky film 4 20 2920
G Film rainbow; Press open; 40 900 100
G Pull A 5% film left; Pull D
6 stud came off
S 10 2000
S
S
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CDATA FOR HMDSN DESIGN II

Std Run PowerPowerFlow F1owPressPressTimeSampie Weight Rate Qual
OrdNumber set obt HMDSN 02 set obt rin Number Gain, g g/sqca/min ity

1 86445 50 10 0 175 60 A 1.OE-03 2.7E-06 F
60 B 1.OE-03 2.7E-06 F
60 c 1.OE-03 2.7E-06 F
60 D 1.2E-03 3.2E-06 F

60 E 1.1E-03 2.9E-06 F

60 F 9E-04 2.4E-06 F
2 86457 200 160 10 0 250 60 A 2.8E-03 7.5E-06 F

60 B 3.OE-03 8.OE-06 F
60 C 4.2E-03 1. 1E-05 F
60 D 5E-04 1.3E-06 F
60 E 6E-04 1.6E-06 F

.. 60 F 5E-04 1.3E-06 F
3 86446 50 15 0 250 60 A 1.9E-03 5. 1E-06 F

60 B 1.9E-03 5. IE-06 F
60 C 2. OE-03 5.3E-06 F
60 D 2.2E-03 5.9E-06 F
60 E 2.2E-03 5.9E-06 F
60 F 2.3E-03 6. 1E-06 F

4 864510 200 178 15 0 175 198 60 A 5.1E-03 1.4E-05 F
60 B 4.5E-03 1. 2E-05 F
60 C 5.4E-03 1.4E-05 F
60 D 1.6E-03 4.3E-06 F
60 E 1.8E-03 4.8E-06 F
60 F 1.8E-03 4.SE-06 F

5 86459 50 10 2 250 60 A 1.IE-03 2.9E-06 F
60 B 1. ERE-03 3. 2E-06 F
60 C 1.IE-03 2.9E-06 F
60 D 1.1E-03 2..9E-06 F
60 E 1.1E-03 2.9E-06 F
60 F 1.1E-03 2.9E-06 F

6 86443 200 169 10 2 175 183 30 A 6E-04 3.2E-06 F
30 B 7E-04 3.7E-06 F
30 C 7E-04 3.7E-06 F
30 D 6E-04 3.2E-06 F
30 E 5E-04 2.7E-06 F
30 F 5E-04 2.7E-06 F

6 864813 200 169 10 2 175 194 60 A 4.4E-03 1.2E-05 F
60 B 3.4E-03 9. 1E-06 F
60 C 4.1E-03 1.iE-05 F
60 D 1.2E-03 3.2E-06 F
60 E 1.2E-03 3.2E-06 F
60 F 1.4E-03 3.7E-06 F

7 86444 50 15 2 175 191 60 A 2.5E-03 6.7E-06 F
60 B 2.5E-03 6.7E-06 F
60 C 2.3E-03 6.1E-06 F
60 D 2.5E-03 6.7E-06 F
60 E 2.4E-03 6.4E-06 F
60 F 2.4E-03 6.4E-06 F

S 86458 200 179 15 2 250 60 A 3.5E-03 9.3E-06 F
60 B 2.8E-03 7.5E-06 F
60 C 3.4E-03 9.1E-06 F
60 D 1.1E-03 2.9E-06 F
60 E 1.OE-03 2.7E-06 F

1".- N
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60 F I. OE-03 2.7E-06 F
0 86431 125 12.5 2 213 60 A 3.5E-03 9.3E-06 F

60 B 4.8E-03 1.3E-05 F
60 C 4.5E-03 1.2E-05 F
60 D 2.2E-03 5.9E-06 F
60 E 2.4E-03 6.4E-06 F
60 F 2.1E-03 5.6E-06 F

0 86442 125 12.5 2 213 60 A 2.IE-03 5.6E-06 F
60 B 1.9E-03 5. 1E-06 F
60 C 1.4E-03 3.7E-06 ;
60 D 1.6E-03 4.3E-06 F
60 E 2.OE-03 5.3E-06 F
60 F 1.2E-03 3.2E-06 F

0 864511 125 12.5 2 213 60 A 4.4E-03 1.2E-05 F
60 B 2.2E-03 5.9E-06 F
60 C 4.6E-03 1.2E-05 F
60 D 2. OE-03 5.3E-06 F
60 E 2.IE-03 5.6E-06 F
60 F 2. 3E-03 6. IE-06 F

0 864512 125 12.5 2 213 60 A 4.9E-03 1.3E-05 F
60 B 4.6E-03 1.2E-05 F
60 C 4.3E-03 1.2E-05 F

* 60 D 2.4E-03 6.4E-06 F
60 E 2.3E-03 6.IE-06 F
60 F 2.3E-03 6. 1E-06 F

.',
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Glass Comments and ScratchScratchPul 1
Stage Observations 1 2 psi

a Film on glass rainbow, flaky;
G on stage more flaky, silver
G Pull(C)30% film left, may have 4 100 9280
S been loaded improperly, Pull
S (F) 70% film left
S 4 40 2570
G Film rainbow streaky, flaky 4 30 150
G gold; Pull(A) 95% film left,
G Pull(D) 5% film left
S 4 30 1380~s

G Film silver w slight lime 200 400 410
G rainbow; Pull(A)95% film left,
G Pull(D) stud came off
S 90 400
S
S
G Film on glass gold w pink
G stripes; on stage gold, crazed 4 700 8810
G  & flaky, silver underneath;
S Pull(B) 90% film left, Pull(E)
S 50% film left 20 600 7760
S
G Film rainbow; Pull(C) no film
6 left, Pull(E) 50% film left
G 4 500 10
S
S 4 1000 0
S
6 Film green, pink rainbow;
6 Pull(B,E) stud came off 4 100
G
S
S 4 8oo
S
G Repeat; film on glass pink,
G green rainbow; or stage same
G w gold, crazed around edges; 4 300
S Pull(C,F) stud came off, no
S film left
S 10 300
G Film silver w very slight lime 100 500
6 rainbow; Pull(A,D) stud came
6 off, 0-10% film left
S 100 800
S
S
0 Film or. glass rainbow, silver 4 10 2750
8 where coat flaked; on stage
G silver, more flaky coat;
S Scratch 2(A)300 on rainbow, 20 2000 830
S 1/4 of samples Pull(A.D) 40%
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S film left
G Film on glass silver, rainbow; 10 500 460
G on stage pale gold, crazed,
G flaky; Pull(A) 20% film left,
S Pull(E) 30% film left
S 40 200 9870
S
G Film or glass silver, flaky; 4 400 4920
G on stage pale gold, flaky;
6 flaky rainbow when removed
S from vacuum; Pull(A) 60% film
S left, Pull(E) 30% film left; 4 300 5900
S Scr2(E)70, 400 opposite edges
G Film silver w faint lime 200 3000
G rainbow, flaky around edges;
G Pull(A) stud came off, Pull(E)
S 80% film left
S 4 10 2480

8% S
G Film on glass silver w faint 200 1000
G lime rainbow, flaky at edges;
G on stage same w gold, crazed,
S flaky; Pull(A) stud came off,
S no film left, Pull(E) 90% film 4 20 1480
S left

'4.-
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TABLE 19

SUMMARY OF AVERAGED DATA OF RUNS III THIOPHENE
DESIGN I, II, III, AND IV

SIPLE DESIGN M FLOW PRESS. TO_ TIME FILM HT.GN. RATE THKNS2 THK.p.TE SCR. SCR. PULL S.8. CuSO FERR
* ODE fr~1S S~lmTovr C in. WA .L in 439L.jn a6g DI r in m

" " _ ORDE[R WTTS SC4 SLor AOL_. _LI d A.. .l l...Lq../min 1.a 2q psi hrs min" main

A59A9 1 10 2.1 250 12 F 0.2 17 32 2.7 50 100 (1 (1
A592 2 10 29 250 15 F/P 3.7 245 596 39 1000 5000 20 3.5 (1
A59A4 3 10 2.1 500 40 P 1.7 43 280 7 500 5000 1140 2.5 (1
A59A7 4 10 20 500 29 P 12.5 435 2000 69
A591 5 50 2.1 250 10 F 0.4 38 60 6 200 500 30 (1 (1
A596 6 50 29 250 2 F 0.8 375 120 60 1000 5000 (1 (1
A59A8 7 50 2.1 500 45 F 0.4 9 65 1.4 50 900 1 (1
A59A3 8 50 29 5000 6 P 6.1 1020 965 161 (1 <1

A5989 1 50 2.1 500 74 F 0.8 10 122 1.6 500 1 (1
A5983 2 50 29 5S0 4 F/P 2.8 950 610 153
A594 3 50 2.1 510 17 P 1.1 67 178 11
A59B7 4 50 20 1000 7 P 5.6 803 868 124
A5912 5 100 2.1 500 25 F 0.4 15 63 3 100 600 (1 (1
A59B6 6 100 29 500 2 F 1.1 540 175 88 101000 (1 (1
A5988 7 100 2.1 1000 42 F 1.3 32 212 5 200 <1 (1
A59B1 8 100 29 1000 3 P 3.6 1200 570 190

A59C1 5 50 3 150 6 F 0.5 79 75 13 80 500 (1 (1
( A59C2 5 100 3 450 10 F 0.4 35 56 6 20 1000 3 (1

A59A13 1 10 3 220 120 F 3.6 60 517 43 2000 9000 1 4.5 5.9
A59AIl 5 50 3 153 120 F 2.8 23 368 3.1 900 10000 1 2.6 (1
A59C3 5 50 3 250 38 F 1.1 28 170 4.4 500 5000 48 (1 2.2
A59AIO 6 50 29 250 12 F 4.3 357 583 49 500 5000 10 1 1.4 (1
A59C4 7 50 3 400 120 F 2.9 24 380 3.2 500 7000 1 3.3 6.0
A59B13 1 50 3 310 120 F/P 3.9 33 537 4.5 10000 10 1 2.8 4.0
A5911 5 100 3 500 124 F 2.2 18 297 2.4 50 5000 10 48 1.8 1.7A59810 6 100 25 500 13 P 7.6 582 1053 81
A59B12 7 100 3 1000 120 P 4.7 39 645 5.4 1000 10000 810 5 2.9 3.5

.59 1 10 3 248 56 10 F 0.2 20 32 3 4
A59A57 2 50 3 248 147 3 F 0.2 50 41 14 4
A5967 3 10 3 485 146 8 F 0.1 12 16 2 4
A59M5 4 50 3 500 58 4 F 0.2 37 24 6 4 400
A56A66 5 10 29 249 148 5 F 0.1 20 16 3 4 10A59A55 6 50 29 249 57 3 F 0.7 240 110 33 20 700
A5A61 7 20 29 500 50 13 F 0.2 23 48 4 4 10
A59A63 8 50 29 500 160 3 F/P 1.0 335 16 5 10 900

A59872 1 50 3 249 146 40 F 0.4 10 6.4 1.6 4 10
A5970 2 100 3 249 254 22 F 0.1 5 16 0.7 4
A59975 3 50 3 500 246 35 F 0.3 9 49 1.4 4 50
A5971 4 100 3 500 156 45 F 0.3 6 41 0.9 4 20
A59868 5 50 29 250 240 15 F 1.1 76 190 12.5 40 2500
'59974 6 100 29 253 155 15 F 1.6 105 255 17 250 7000
49869 7 50 29 500 140 15 F/P 5.0 330 790 52.5 3000 4500
A5973 8 100 29 498 251 15 F 1.8 120 285 19 70 3000

6*? 6,* d-d



TABLE 20

SUMMARY OF AVERAGED DATA OF SELECTED RUNS
FROM THIOPHENE DESIGNS III AND IV

RATE TKNS THK RT
Mift. DES PR FLOW PRESS TEIP TIME FILM WT.GN. ,ug/ Sa96 i/9 CR SCR PULL S.S. CuSO4 FERR COND ABRAS
_ ORDR WTTS ScI mTorr 0C_ a 29 in. __ n- l, 2,2 si hs. 2-1n rain ,, ml/sand

AS%% 1 10 3 248 54 120 F 4.4 36 595 5.0 700 3000 0 126 1.2 9.8 14 200
A5 5 2 50 3 248 149 36 F 0.4 12 57 1.6 4 20 300 48 (1 3.7 800 700
A59A90 3 10 3 499 150 120 F 2.8 24 387 3.2 900 8000 1280 152 19.1 17.4 30 300
A5Na88 4 50 3 498 76 83 F 2.7 32 360 4.3 700 3000 1060 245 6.9 20.2 10 200
A59m'89 5 10 28 248 148 66 F 2.7 41 360 5.5 10 5000 1070 216 3.8 23.7 30 400
A59A84 6 50 29 248 68 14 F 3.1 220 420 30 800 7000 160 72 90 1.6 22 200
A5%87 7 20 29 499 47 125 F/P 4.2 34 562 4.5 90 3000 150 120 23.2 4.5 14 100

A5993 1 50 20 230 155 120 F 19.0 159 2533 21 2000 3000 1850 128 13.8 9.2 5 )5000 7
A59996 3 50 3 500 248 120 F 1.3 686 138 1.2 10 1000 410 32 7.2 (1 55 600
A59892 4 100 2 71 134 52 F 3.6 69 490 9.4 700 10000 860 72 3.2 1.7 9 200
A59891 5 50 29 250 238 42 F 3.0 70 393 9.4 2000 10000 50 120 8.6 11.7 20 400
A59895 6 100 29 250 151 29 F 4.9 167 657 22.6 5000 10000 650 72 8.3 12.8 57 200
A59894 8 100 29 498 252 26 F 4.5 172 608 23.4 9000 10000 20 24 4.8 38.3 20 400

,l.
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TABLE 21

SUMMARY OF AVERAGED DATA OF RUNS IN HMDSO DESIGN I

RATE THKNS THK RT
M DES FWR FLOW PRESS Tpr TIME FILM WT.GN. A .AJ mglmV SCR SCR PULL S.S. CuSo4 FERR CCD ABRA S
. ORDR 4TS SCCa mTor " C min. s min . c min. a, La 5 si AS ain min ,' l/smd

S0128 1 50 3.5 350 147 30 F 0.7 24 106 3.6 4 700 0 80 (1 8.4 580 200
S0124 2 196 3.5 350 242 30 F 1.3 43 195 6.5 20 400 90 48 (1 9.1 34 400
S0123 3 50 30 350 251 30 F 0.1 3.3 11 0.4 4 40 120 (1 9.5 200 400
S0129 4 160 30 350 181 30 F 2.1 68 320 10.7 100 500 140 144 5.1 15 9 200
S0130 5 50 3.5 1000 250 30 F 0.7 23 109 3.7 4 500 190 144 1.9 15 700 400
S0126 6 187 3.5 1000 155 30 F 1.7 56 237 7.9 50 1000 6 2100
S0127 7 50 30 1000 159 30 F/P 2.5 84 397 13.2 300 700 410 98 1.6 (1 310 400 1
S0125 8 154 30 1000 263 30 F 1.8 60 285 9.5 4 1000 56 (1 (1 456 400

S0120 M 95 7 675 161 30 F 1.4 47 210 7.0 4 1000 48 (1 1.8 39 400
S0121 M 95 7 675 205 30 F 1.0 34 153 5.1 4 50 72 (1 12.9 930 400
60122 M 95 8 675 204 30 F 1.0 34 140 4.6 4 1300 168 1 14.1 240 300 1
S0131 H 95 8 675 204 30 F 2.7 90 438 14.6 10 300 20 144 (1 19.0 20 200
S0132 M 95 8 675 200 30 F 1.5 51 208 6.9 20 500 30 152 1.5 350 300

.,



TABLE 22

SUMMARY OF AVERAGED DATA OF RUNS IN HMDSN DESIGNS I AND II

itPLE DES1GN PI.R FLOCI SCI PRESS. TIME FILM W4A1. PATE THKNS SCR. SCR. PULL S.S.
# ORDER W&lTS DSNj 2 MTort min. QA i AM ! ? 4 pI hrs

86428 1 50 2.5 2 250 15 F 0.68 109 7.3 20 2000
864213 1 50 3.5 2 250 15 F 1.0 152 10.1 4 2500 450
86414 2 200 3.5 2 1000 15 F 2.0 312 20.8 20 2000
86413 3 50 29 2 1000 15 r 1.3 210 14.5 4 100 780
86429 4 160 29 2 305 15 F 2.2 352 23.5 800 1500 190
864210 5 50 3.5 5 1000 15 F 1.7 270 18 150 4000 20
86416 6 170 3.5 5 250 15 F 0.9 144 9.6 10 300 20
86417 7 50 29 5 300 15 F 1.7 264 17.6 10 800 50
86415 8 147 29 5 1000 15 F 3.9 621 41.4 30 1000
86382 M 125 8 3 625 15 F 2.5 400 26.7 500 1500 80
864211 M 125 8 3 625 15 F 2.2 348 23.2 400 800
864212 M 125 8 3 625 15 F 2.3 372 24.8 500 700

86381 X 125 8 3 625 30 F 4.8 773 25.8 500 700 450
864214 X 200 3.5 2 185 30 F/F 1.9 296 9.9 10 500 440
864215 X 200 3.5 2 216 35 F/F 2.1 339 9.7 4 500 2920

• 864316 X 200 2.4 2 188 60 F 2.6 411 6.9 10 2000 100

86445 1 50 2.4 0 175 90 F/F 1.03 166 2.7 4 100 9280
* 86457 2 160 2.4 0 250 60 F/F 1.93 309 5.2 4 30 1380

86446 3 50 3.5 0 250 60 F 2.08 333 5.6 200 400 410
864510 4 178 3.5 0 198 60 F/C 3.37 539 9.0 4 700 8810
86459 5 50 2.4 2 250 60 F 1.18 179 3.0 4 1000 10
864813 6 169 2.4 2 194 60 F/C 2.62 418 7.0 10 300
86444 7 50 3.5 2 191 60 F 2.43 389 6.5 100 800
86458 8 179 35 2 250 60 F/F 2.13 341 5.7 20 2000 2750 48
86431 M 125 3.0 2 213 60 F/C 3.25 520 8.7 40 200 9870
86442 M 125 3.0 2 213 60 F/F 1.70 272 4.5 4 400 4920
864511 H 125 3.0 2 213 60 F/F 2.93 469 7.8 200 3000 24Fj 6
864512 M 125 3.0 2 213 60 F/F 3.47 556 93 200 1000 1480 8

,-.,



TABLE 23

PROPERTIES OF THE 15 BEST CORROSION PROTECTION COATINGS

SAM1PLE CT6. fT. CTG. 2RATE SCRATCH SCRATCH PULL SALT SPRAY CuSO 4  FERR * COND. ABRASION
0 A Lm /min #1 #2 psi hrs. min min ml snd

CRITERIA 10 400 1000 100 100 400

4 A59A88 360 4.3 700 3000 1060 245 6.9 20.2 10 200

A59A89 360 5.5 10 5000 1070 219 3.8 23.7 30 400

A5990 387 3.2 900 8000 1280 152 19.1 17.4 30 300

A59B93 2533 21 2000 3000 1850 128 13.8 9.2 5 5000

A5A87 562 4.5 90 3000 150 120 23.2 4.5 14 100

A59891 393 9.4 2000 10000 50 120 8.6 11.7 20 400

A59A84 420 30 800 7000 160 72 90 1.6 22 200

A59895 657 22.6 5000 10000 650 72 8.3 12.8 57 200

( A59892 490 9.4 700 10000 860 72 3.2 1.7 9 200

A59S0132 208 6.9 20 500 30 152 1.5 350 300

A59S0122 140 4.6 4 1300 0 168 (1 14 240 300

A59S0129 320 10.7 100 500 140 144 5.1 15 9 200
,%

A59S0130 109 3.7 4 500 190 144 1.9 15 700 400

A59S0131 438 14.6 10 300 20 144 (1 19 20 200

A59S0127 397 13.2 300 700 410 98 1.6 (1 310 400

.(.
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TABLE 24

FIRST ORDER EFFECTS OF PROCESS VARIABLES

FIRST ORDER EFFECT ON RESPMSES

DESN VAR VAR THCK SALT FERR

DESIGN NO. VAR V LITS C RATE SCRI SCR2 KLL SPRAY _C SO, C(HD ABRAS

THIOPH I POWER C WATTS 10/50 27.7 -75 -925 -282 -1.275 -0.15

FLOW A SCCI 2.1/29 78 300 875 -288 0.125 0
PRESS B mT 250/500 32 -425 -1175 272 -0.325 -0.05

THIOPH II POWER C iTS 50/100 25.8 27.5 450 0.23 0.10
FLOW A SCM' 2.1/29 107 -22.5 50 -0.28 -0.05
PRESS B mT 500/1000 -5.6 -27.5 -350 -0.28 -0.10

THIOPH III POWER A WATTS 10/50 11.5 5.5 495
FLOW C SCM 3/29 5 5.5 302
PRESS B mT 250/500 -9 -2.5 149
TEM D 0 C 50/150 -5.5 -2.5 -49

THIOPH IV POER A WATS 50/100 -7.6 -60 741
FLOW C SCOI 3/29 24.1 836 4229
PRESS B OT 250/500 10.5 695 -486

STEM D 0C 150/250 -9.6 -785 -1494

THIOPH Ill-A POW A WATTS 10/100 6.4 76 -1245 -102 -27 17.7 -5.8 219 100
FLOW C SCi 3/29 8.4 -225 745 -172 -6 -27.6 -1.5 -164 -100
PRESS B OT 250/500 -5.6 169 1245 384 49 -6.2 4.4 -170 -150
TEMP D 0C 50/250 -6.5 -219 225 463 -2 -19.3 4.1 233 250

MO1050 I POWER A WATTS 50/200 3.4 -34.5 240 -92.5 -47 0.48 -2.3 202 -100
FLOW B SCCM 3.5/30 3.0 82.5 -90 67.5 35 1.08 -1.7 -610 100
PRESS C mT 350/1000 3.3 57.5 390 92.5 -22 -0.63 -6.5 686 0

TEOP 0C 150/250 -3.8 -105.5 -240 -67.5 10 -1.03 2.5 -402 200

11-)94 I POWER A WATS 50/200 9.1 172 -525 -216
FLOW B SC 3.5/29 10.0 164 -1225 189
OXYGEN C SCM 2/5 4.8 -159 125 -276

PRESS D mT 250/1000 8.8 -157 625 79

f19 II POWER A WATTS 50/180 2.3 -67.5 183 810
FLOW B SCM 2.4/3.5 2.2 75.5 618 325
OXYGEN C SCCt 0/2 -0.1 -19.5 718 -4280
PRESS D OT 175/250 -1.4 27.5 383 -3385
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