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SUMMARY

Particles found on collecting surfaces exposed by Ames' Luster
Rocket Payload reflect a quantity of contaminants from several sources.
Payload sctivities and particle studies were performed in a Fed gtd 209,
Class 100, environment. Separating collected specimens from contami-
nants required optical mineralogy, density, X-ray diffraction, and
electron microprobe analyses.

To eliminate contaminants from future collections it was neces-
sary to determine the effectiveness of current cleanliness control
measures. Tests indicated the following were principal contaminant
sources: (1) leaks in HEPA filters, (2) leaks and design deficiencies
in laminar flow benches, (3) clean room garment materials and their
laundering, (4) valve location relative to filter elements and materials
used in fluid filtration systems, (5) cleaning and processing methods,

and (6) payload design and fabrication materials.
INTRODUCTION

A rocket payload designed to collect micrometeoroids was launched
into the November 1965 Leonid meteor shower from White Sands Missile
Range, New Mexico, and sucessfully recovered.

An extensive contamination control program was developed for the
engineering phase of this experiment arl has been described by Blanchard
and Farlow, 1966. Assenbly, checkout, and all field operations were
conducted in an environment meeting particulate requirements of

Fed Std 209, Class 100. Preparation of collecting surfaces and their




loading into modules, which were later vacuum sealed, was performed
in & similar environment. With these controls and the vacuum sealed
module concept, it was felt the intericr of the inctrument would not
be exposed to terrestrial particles larger than 0.5u (1lu = 10™% cm).
Thus, collecting surfaces inside the modules should have had few
conteminants larger than that size.

Preliminary results of analyses performed on particles from
collecting surfaces exposed during this flight have been reported by
Farlow, et al., 1966. Findings show that about one particle, 54 and
larger, was encountered for every two enf? of non-flight surface area.
Since nearly the same concentration of particles was found on flight
surfaces, questions concerning the sources of these particles arose.
Further, the necessity of identifying each particle became apparent
so that the few extraterrestrial particles among the contaminants
could be identified.

Tt is the purpose of this report to describe how the sources of
contaminant par*icles wef% found and eliminated through appropriate
tests and modifications. Identifying major types of contaminant

particles was responsible for detecting these sources.
BACKGROUND

The ildentification of contaminant types on collecting surfaces
and the search for the sources of these particles involved two steps.
First, analytical methods were used to study the physical and chemical
properties of individual contaminant particles. Second, once the par-
ticles were identified, a search was made to discover how these
particles escaped the control measures and reached the collecting

surfaces.



0f the analytical methods employed, the optical microscope was
used most extensively to delineate particle size, shape, ccior, tex-
ture, refractive index, and other mineralogical psrameters. X-ray
diffraction was used to identify compounds and minersls in conjuanction
with elemental composition determined by electron microprobe analysis
performed on selected specimens. Particles for analysis were selected
from non-flight and flight surfaces. The basic collecting surfaces
were acrylic slides and vinyl films. The latter had been stripped
from the modules, dissolved, and filtered onto membrane filters to
facilitate microscope scanning.

The opticel survey was conducted using microscopes located inside
laminar flow work benches which were inside a clean room meeting
Fed Std 209, Class 100 (see figure 1l). The slides and filters, con-
taining particles from the dissolved vinyl films, were stored in pre-
c¢leaned petri dishes inside a separate laminar flow work bench (see
figure 2) used only i0or storage. In order to perform an optical sur-
vey on a slide, it was necessary to relocate a petri dish to the
microscope. The slide was then removed with a spatula and placed
directly onto the microscope stuge. Therefore, during handling the
slides were never touched except by the spatula. When a survey had
been completed the slide was returned to the petri dish which was then
relocated to the laminar flow storage bench.

It was possible to characterize contaminants with high confidence
since each microscope possessed iLhe capability to examine a particle
using several types of illumination without removing the particle from
the field of view. In transmitted light: bright field, dark field,

phase contrast, and polarized light were used. In incident light:
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bright field, dark f'ield, and polarized light were used. The entire
surface of each non-flight slide was gcurveyed at 1L00x. Contaminants
were counted, identified, and photomicrographed at 4OOx. Using these
photomicrographs, & contaminant compendium was prepered based on m@§~
phology of the pariticles. Several varistlions of a glven contaminant
type were selected to complete the compendium. Identifications
revealed the following to be principal contaminants: skin cells,
acrylic plastic shreads, glass chips, metal chips and shreads, pleces
of RIV (silicone rubber sealant), cloth fibers, and bacteria. These
are lllustrated in figure 3.

TIdentification of the contaminant types points to several contami-
nant sources. One was tie flight payload. Using X-ray diffraction,
one specimen was identified as a certaln type of bronze. The source
in the payload was a sintered bronze, oil impregnated, bushing located
in an area remote from the modules. Another source was the modules
themselves. Analyses using the electron microprobe identified a group
of opaque particles found on flight slides to be shreads of metal
plating. These metal shreads were generated by screws being threaded
into tapped holes on the modules during installation on the flight
instrument. But major sourcez were also found within the laboratory.
Slide washing procedures appeared 0 be less effective than they
should have been considering the specifications of the equipment
being used. Laminar flow facilitles were not excluding particles they
were designed to eliminate. Clean garments were producing contaminants
which should have been removed by proper laundering. Therefore, exten-

sive tests were conducted to determine the limitations of the clean
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room equipment and procedures. Then, mudifications werc malde to the
equipment, and methcdo, 0o that cantaminants could he eilminated frop

future experiments.

TEST RESULTS AND MODIFICATIONS

Every piece of clean room equipment was tested by appropriate
ASTM or Fed Std 209 test metheds to determine the effectiveness of
the contreol equipment: Procedures being used by clean room perscnnel
were revieved to detect inadequacles in cperating metheds. In alroost
every case examined, deficlenclec were detected.

Clean Room Filters - Alr inlet filters being uced for the three

clean rooms at Ames were nearly new. Each had a uuneyeonb-type ctruc-
ture with a plywooa frame. The menufacturer's data imdlcated they
had passed a 99.97% filtration efficiency test for 0,3 DOP particles.
Tests were nerformed on“each of these filters, while ingtalled and
operating, by scanning the entire filier face using a light scattering
aerosol photometer and a Model IT (Echols and Young, 1963) smoke gen-
erator according to ASTM F50-65T7. Immediately upstream of the filter,
counts for particles U.54, and larger, averaged 40,344/liter, while
downstream the counts were 4,108/liter, indicating about 90% filtra-
tion efficiency. spplication of RIV silicone rubber sealant to detected
holes and leaks corrected the problem.

Laminar Flow Work Stations - Next, attentlon was directed to the

six laminar flow work benches and one laminar flow fume nood inside
the clean rooms. AlL ui these filters pcssessed pleated media with
aluminum separators and steel frames. One hundred percent of each

filter was scanned and location maps were made of leaks. Leaks were



plugged using RTV sealant and then retested. Figure L shows results
ot RTV plupging performed in one area cn g UIlior aad o eompleted

*

laminor #low beach 2o stewn tu Clpuee b At Lo polut whore e
3=fout-long Yiliers were Joined Inoone Prame Lo omane & continuous
f1lter 6 PYeri lomyr, eonsiderable Lenkagee wans alwayo deteetod.  An e
be seen, conslderable leakege oceurred ot all filter yrame [eebinet
interfaces. Designs used for maintaining a seal at this loecation
vere unusuaily poor.

Prior to testing filterc in the ecabinets the proteetive grills
had to be removed. The oclde of coech grill faclng the filter wao
found to be greasy and dirty (figure 6). Threads were observed to
be working their way out of one filter., An accepblsge of dirt particles
were found deposited Immediately in front of the filter on the Trame
(figure 7), and in one instance an urnurnd gowrew hole demonstrated its
contribution to particulate contaminants /figure 8). Each cabinet
housing was cheracterized by many leaks at Joints, seams, and electri-
cal outlets. Discarding protective grills and sealing cabinet holes
with clean vinyl tape corrected the problem. Polyethylene-covered
fiber glass sound proofing located inside of wvie Riow-r-motor chamber
had Lurn loose and was abrading inside the blower sguirsel cage on
one cabinet. Removal of the sound proofing was- performed, but some
sources remained for glass particles to be transported directly into
the plenum (figure 9).

Clean Room Garments ~ At one stage during the optical survey a

large quantity of similar particles predominately 254 in size were

detected on the slides being examined. With each work shift the
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quantity detected increcased and & complete operational chut down weo
necessary. Tests chowed these particles (figure 10) were being géner—
ated from the clean garments. They were a combination of soap and
salt particles originating from the laundering cervice and were pres-
ent in all laundered garments. Changing to a different laundry
service solved this problem.

Gloves used by the microscopists included three types: (a) con-
tinuous filament stretch nylon, (b) monofilament nylon tricot, and
(c) monefilament nylon tricot having the front panel impregnated with
plastic. Types (b) and (c) had been highly recommended by the manu-
facturer for Class 100 use. Tests showed the monofilament nylon té
be rather brittle. Large quantities of nylon filaments (figure 11)
were periodically bresking away and falling onto the slides and micro-

scope stages, introducing serious contamination during microscope
-scanning, Types (b) and (c) were “oth poor from this standpoint.
Results indicated type (a) %o be superior from a particle geﬁeration
aspect and to yield fewer contaminants during use. Therefore, this
type has been adopted for exclusive use in all clean room antivities
at Ames. Table 1 is a comparison of particle counts obtained on gar-
ments from two separate laundry services, with Class B requirements
of ASTM-F51-65T. Nnte that only an occasional garment met the clean-
liness level specified for Class B even though the laundry supplied
certification statements indicating all met these requirements.

Fluid Piltration Systems - Attention was directed to the fluid

filtration systems, since nearly everything used in the experiment

and analysis was subjected to cleaning processes using filtered liquids.
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TALLE 1

TESTS PERFORMED ON CLEAN LAUNDERED GARMENTS

Wo. of paurticles 5p and larger/sq It of

garment curface

ASTM~F5L-65T
Garment (lass B requirementy  Lawndry B Leaundry A

Hat < 5000 8,260 19,160
49,860
Shoe covers < 5000 1h, 460 10,260
87,160
Coveralls < 5000 7,660 2,330
2,670 9,980
5,220 41,760
6,700 5k, 660

20,310

Tests conducted in accordance with ASTM-F51-65T.

All particie counts have been corrected for background.

Y



The nececplty to filter all cleaning fluldo prior ¢ use was
graphically illuctrated by a series of testo. A new 5 gullon ecan
of trichlorotriflucroethanc wes celeceted at random, and a one-~liter
gample was pasced through a membrane filter with a 0.8s pore cize.
Recults are shown in figure 12. This 15 probably the worst contam-
ination encountered and certoinly is far from the menufacturer's
specifications. However, it shows the burden and importance placed
on filtration systems used in clean room activities, and emphesizes
the necessity of fluid filtratiorn.

Fluid filtration has generally been performed using only one
filter in the system (single filter concept). A test of the effi-
clency for this approach was performed by positioning three filters
in series using filter holders recommended by the filter manufacturer.
Pigure 13 represents the quantity f contaminants found on the 25-mm
filter positioned first in line; figure 4 shows the same for the
filter positioned second in line; figure 15, the same for the final
filter. ALl represent contaminants from a one-liter test sample of
trichlorotrifluoroethane. Figure 16 reflects the concentration of
contaminants found in the one-liter sample after having been filtered
through the previously mentioned filters. This result was obtained
by taking the output from the third filter and filtering it again,
using a vacuum filtering test apparatus, through a 47 mm, 0.8. pore
size, membrane filter. These results demonstrate the single filtration
concept to be inadequate.

During testing of several filtration system configurations, it
was discovered that the location of the metering valve, in relation

to the filter, was vitally important. Tests were performed on three
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configurations. AlL utilized stainless steel pressure vessels and
merbrane filters. Configuration “A" possessed two 6-inch membrane
filter holders in series located between the tank and outlet valve.
Configuration "B" possessed three separate 25-mm filter holders in
series and had a valve positioned between the second and third filter.
Configuration "C" possessed three 25-mm filters in series in one
filter holder and a valve positioned between the tank and the first
filter. After each system had been cleaned, flushed, and had new
filters installed, a gallon (or more) of fluid output was filtered
through a 47-mm membrane filter (0.8 pore size) using a vacuum
filtering ﬁest apparatus. Results of particle counts, along with a
schemstic illustration for each configuration, are given in figure 17.
Counts on filters placed on both sides of the valve in configuration
"B" showed the valve increesed the number of contaminants by a factor
of 10, demonstrating there is little value in filtering fluids
upstream of a valve. Counts on three filters in series from configu-
ration "C" located downstream of the valve reflected a non-linear
decrease in the number of contaminants found of each successive fil-
ter, demonstrating one filter after a valve is clearly insufficient.
Repeated samplings from configuration "C" yielded an output concen-
tration ranging from 29 to 42 particles (larger than 5u) per liter.
This represents the cleanest fluld level that can be expected from
configuration “C." The particular valve used in this configuration
had been carefully selected and considered to be one of the least
contaminant generating available commercially. It had a stainless

steel body, Teflon tipped stem, Viton-A "O" ring, and a nylon gland
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(tcp and bobtom) with & nylon handle, Figure 18 illustrates the form
of configuration "C" which has new been adopteld for uce at Ames in
cleaning activities,

A commercially available pressure rinser, erploying terminal
filtration,was also tested. Prior to testing it wac thought thet
thic unit could be modified to configuration "C" by employing three
filters in the single filter hclder. The rinser was thorcughly cleaned
and flushed with triple filtered cutput from the test unit of config~
uration "C." A single filter wes installed and new triple filtered
fiutid (from the test unit of configuretion "C") was then cycled four
times through the rinser. The concentration of contaminants shown
in figure 19, caught by the filter in the pressure rinser, was unexpect-
edly high. Opbtical examination of the 25-mm membrane filter (0.3
pore size) indica%éd essentially all maverial came from 3 sources
within the pressure rinser. These sources were rubber (no. 1), brass
(no. 2), and & gray metal coating on the spring (no. 3), as shown in
figure 20. Thus, the pressure rinser tests emphasized a fundamental
design requirement for any fluid filtration system. The operation
of the filtration system must not be contaminant generating. Design
of the metering valve used in the pressure rinser does not meet this
requirement.

Filter support screens were found to be an irjortant source of
metal shreads occurring in outlets from fluid systems. This was due
to the periodic breaking away of pieces from the wire mesh (figure 21).
Chemically etched screens are superior from this standpoint. A con-
stant inspection and test program has been necessary to detect equip-
ment deterioration such as this and to prevent these contaminants from

getting onto the collecting surfaces during initial cleaning.
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Handling and Processing Methods - Once test results demonstrated

that it is possible to design an effective fluid filtration system,

the cleaning and processing of parts was examined. Parts for the

1965 flight instrument had been cleaned to Level I, of LOMOLETL A MSFC,
A series of cleaning and processing tests was perflimed using config-
uration "C" (figure 18) as the fluid filtraticn system. Tests were
conducted using samples made from sheet metal with riveted and machined
parts attached. Resulis indicated that it was possible to reduce the
contaminant level for future experiments considerably below that which
had previously been obtained, Tests showed that a maximum contamination
of less than 500 particles (5-100u size range) for every 0.09 nf (1 £t7)
of surface area rinsed could be expected. Among these, no more than

10% would be metal.

the slides and by microscopists performing the optical survey. The
quantity of skin cells was markeuly reduced by requiring each person
to thoroughly wash his hands and face prior te starting or returaing
to an activity after an interruption. Bacteria counts were markedly
reduced by eliminating talking activities directly over the microscope.
Once agein, this pointed t- cthe necessity of constantly reviewing
methods and emphasizing the importance of continual testing at each

step in the sequence.
DISCUSSION

In spite of mu extensive contamination control program some

contaminants remained on the collecting surfaces during the rocket



flight into the Leonid shower. About one contaminant particle, 5u
and larger, per two enf was found. These particles gained access
to the surfaces via three ilwportant avenues:

Tirst, the commercially avallable contamination convrol equip-
ment and materials used did not provide the degree of cleanliness
anticipated due to leaks and design deficiencies. When such equip-
ment was used without testing and modification, 1t contaminated the
materials which it was attempting to protect.

Seconil, activities performed by personnel in “he clean rooms
often unknowingly produced contamination problems. On occasion,
procedures adopted to prevent one type of contaminant introduced a
new one.

Third, the actual flight instrument generated contaminants
during checkout and operation in flight. The sources for these
contaminants were, again, design deficiencles and field activities
performed by personnel.

Consequently, it has become clear that all phases of any con-
tamlnation control program must be constantly reviewed. A continuous
monitoring program is necessary in order to assess the cleanliness
level at any one time in the program. Merely conducting activities
in a PFed Std 209, Class 100,environment in accordance with the

specifications' guidelines is very clearly inadequate.
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