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DEVELOPMENT OF INSPECTTON TECHNIQUES FOR QUANTTTATIVELY
MEASURING SURFACE CONTAMINATION ON SRM HARDWARE
INTERIM REPORT

R. D. Law

1.0 INTRODUCTION

A contaminant is any material or substance which is potentially undesirable
or which may adversely affect any part, component, or assembly. Contamina-
tion control of SRM hardware surfaces is a serious concern, for both
Thiokol and NASA, with particular concern for contaminants which may ad-
versely affect bonding surfaces. The purpose of this study is to develop
laboratory analytical techniques which will make it possible to certify the
cleanliness of any designated surface, with special focus on particulates
(dust, dirt, lint, etc.), oils (hydrocarbons, silicones, plasticizers,
etc.), and greases (HD-2, fluorocarbon grease, etc.). The hardware sur-
faces of concern will include D6AC steel, aluminum alloys, anodized alu-
minum alloys, glass/phenolic, carbon/phenolic, NBR/asbestos-silica, and
EPDM rubber.

This interim report covers work performed in completion of Phases I and
1II, outlined in ETP-0491. Phases I1I, IV, and V of ETP-0491 will be com-
pleted in future work and will be reported in a final report (TWR-19555) .

2.0 OBJECTIVES

A. To identify and select wiper cloth materials which are suitable for
determination of non-volatile residues and particulates.

B. To determine the compatibility of selected cleaning solvents with
selected wiper cloth materials and with hardware surfaces.

Cc. To determine the analytical efficiency of selected wiper/solvent com-
binations for removal of selected contaminants from each hardware
surface.

D. To develop analytical methods for the isolation and identification of
insoluble particulates and of soluble non-volatile residues.

E. Finalization of each of the foregoing into a complete inspection

technique suitable for all SRM hardware.
3.0 EXPERIMENTAL METHOD
This study is being pursued in five phases, as follows:

3.1 Phase I, Wiper Cloth/Solvent Compatibility

The wiper cloth materials evaluated included polyester, nylon, polyure-
thane, polypropylene, cotton, cotton/polyester, and cotton/polypropylene.
A list of commercially available wiper materials which were evaluated is
given in Table I.

REVISION DOCNO.  TR-50087 | vor
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Solvents evaluated included 1,1,1-trichloroethane (methyl chloroform),
1,1,Z-trichloro—l,2,2-trif1uoroethane (Freon TF), and methyl ethyl ketone
(MEK). Methyl chloroform and Freon TF were selected because of non-flam-
mability, comparatively low toxicity, and widespread use in contamination
control. MEK is included because of its widespread use in cleaning rubber
surfaces and because chlorinated solvents frequently swell and/or degrade
rubber. Although Freons are reportedly compatible with aluminum surfaces,
it is possible that MEK will be needed here also. High purity clean room
grade solvents were employed.

The compatibility of each wiper cloth with each solvent was determined by
making repeated extractions followed by determination of the amount and
nature of the material extracted.

3.2 Phase II, Hardware/Solvent Compatibility

Wiper cloth/solvent combinations which appear most acceptable from Phases 1
and III will be applied repeatedly by hand to clean experimental test
panels of the following materials:

D6AC steel Carbon fiber-filled phenolic
Aluminum alloy NBR/asbestos-silica
Phosphoric acid anodized aluminum alloy EPDM rubber

Fiberglas-filled phenolic

After air drying, the surface of the test panels will be examined micro-
scopically for any evidence of corrosion or degradation. The wiper cloths
will also be extracted and the amount and nature of any material extracted
will be determined. This work has not been completed and is not reported
herein.

3.3 phase III, Cloth Extraction Study

wiper cloth/solvent combinations which appear most acceptable will be
employed to develop suitable cloth extraction techniques.

Wiper cloth samples were doped with known amounts of the following
contaminants:

HD-2 grease Fluorocarbon grease
Hydraulic oil Mineral oil
Silicone oil vinyl tape adhesive

Dioctyl phthalate (DOP) Teflon tape adhesive
Suitability of wiper/solvent combinations selected from Phase I was deter-
mined for each contaminant from a combination of Fourier transform infrared
(FTIR) identifiability plus percent recovery.

3.4 Phase IV, Cleaning Efficiency Study

Clean test panels of the below-listed materials will be doped with known
amounts of the below-listed contaminants:

REVISION pocNO. TWR-50087 | vo
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Hardware Surface Contaminant
D6AC steel HD-2 grease
Aluminum alloy Hydraulic fluid
Phosphoric acid anodized aluminum alloy Silicone oil
Glass/phenolic DOA
Carbon/phenolic Fluorocarbon grease
NBR/asbestos-silica Dust (soil)
EPDM/rubber Mineral oil

Using the appropriate wiper cloth/solvent combinations selected during
Phases I through III, repeated wiping operations will be conducted using
fresh solvent and a fresh cloth each time. Using cloth extraction tech-
niques developed in Phase III, the best wiping techniques and number of
wipes needed for recovery of contaminant will be determined. This work has
not been completed and is not reported herein.

3.5 Phase V Final Method Verification

Using test methods formulated during pPhases I through IV, the final inspec-
tion technique will be verified by application in the field for each hard-
ware surface. Parameters to be evaluated and optimized will include size
of surface, number of surfaces, location of representative surfaces, number
of wiping operations, and overall precision (repeatability) of the total
technique. This work has not been completed and is not reported herein.

4.0 CONCLUSIONS (PHASES I AND III ONLY)

4.1 The wiper/solvent combinations of greatest potential interest for
HD-2 grease were:

Miraclewipe/methyl chloroform
Fabwipe/methyl chloroform
Alphawipe/methyl chloroform
Polx 1200/methyl chloroform

4.2 The wiper/solvent combinations of greatest potential interest for a
fluorocarbon grease such as Krytox 240AZ were:

Miraclewipe/Freon TF
Polx 1200/Freon TF or methyl chloroform
Fabwipe/Freon TF

4.3 The wiper/solvent combinations of greatest potential interest for
hydraulic oil were:

Fabwipe/methyl chloroform or MEK
Alphawipe/ Freon TF
Q-Tips/Freon TF

4.4 The wiper/solvent combinations of greatest potential interest for
silicone 0il were:

REVISION pocNO. TWR-50087 l voL
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4.5

4.6

4.7

4.8

4.9

4.10

5.0

REVISION

Anticon/methyl chloroform or Freon TF or MEK
Miraclewipe/Freon TF or MEK

Fabwipe/methyl chloroform or MEK
Alphawipe/methyl chloroform or Freon TF or MEK
Polx 1200/methyl chloroform or Freon TF or MEK

The wiper/solvent combinations of greatest potential interest for
mineral oil were:

Miraclewipe/methyl chloroform or Freon TF or MEK
Fabwipe/methyl chloroform or Freon TF or MEK
Alphawipe/Freon TF

Polx 1200/methyl chloroform

Q-Tips/methyl chloroform or Freon TF or MEK

All wiper/solvent systems were found to be suitable for DOP. Those
chosen for further study may be any which are also of interest for
other contaminants.

All wiper/solvent systems were found to be suitable for vinyl tape
adhesive, except Q-Tips/methyl chloroform and Miraclewipe/Freon TF.
Those chosen for further study may be any others which are also of
interest for other contaminants.

All wiper/solvent systems were found to be suitable for Teflon tape
adhesive, except Fabwipe/Freon TF. Those chosen for further study
may be any others which are also of interest for other contaminants.

No one solvent was found to be suitable for all contaminants, e.d.,
only methyl chloroform was suitable for HD-2 grease, and only Freon
TF was suitable for fluorocarbon grease. Since MEK may be the only
solvent compatible with NBR and EPDM rubber ( to be determined in the
next phase of testing) all three solvents will be carried over for
further study.

No one wiper material was ideal for all the contaminants tested, but
Fabwipe (a cotton/polypropylene blend) came closest, it being of po-
tential interest for use with all eight contaminants, but not always
with the same solvent. Runners-up for most universal wiper were
Miraclewipe (a nylon), Alphawipe (a polyester), and Polx 1200 (a
polyester), all of potential interest for seven of the eight contami-
nants. Anticon 100 (a polyester) and Q-Tips (cotton) were unsuitable
for half of the contaminants and will be considered for further study
only as a back-up.

RECOMMENDATIONS

The remaining phases of ETP-0491 should be pursued using suitable
combinations of methyl chloroform, Freon TF, and MEK with Fabwipe,
Miraclewipe, Alphawipe, and Polx 1200, in which known contaminants
are removed from test surfaces in a controlled laboratory situation,
as outlined in ETP-0491.

pOCNO. TWR=50087 l vou
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2. The FTIR scans generated in the first phases of ETP-0491 will serve
as a useful library of background spectra, and should be used as an
aid in the interpretation of future wipe spectra.

6.0 DISCUSSION

All 13 of the wipers listed in Table I were subjected to repeated 1-hour
Sohxlet extractions using each of the solvents of interest--TCE, Freon TF,
and MEK. The solutions were filtered to isolate particulates, and the non-
volatile residue (NVR) and total particulates were determined by drying and
weighing. This was a preliminary screening operation to determine which
wipers appeared to be most stable toward the solvents. The wipers selected
for further study are given in Table II. Analytical data are summarized in
Tables IV through XXIII. This completed Phase I of ETP-0491.

In the next step, samples of the six wipers chosen for further study
(Alphawipe, Anticon 100, Fabwipe, Miraclewipe, Polx 1200, and Q-Tips) were
first extracted for four hours using a Soxhlet extractor to remove most of
the background NVR, and were then re—extracted a second time for four
hours. Both the first and second extracts were subjected to FTIR analysis,
thus providing background FTIR spectra for each wiper with each solvent.
These background spectra are given in Figures 1 through 36. These back-
ground spectra illustrate the need to pre-wash any and all wipers prior to
analytical use, and also indicate that background spectra from the wiper
cloth itself can seriously impact FTIR identification of unknown surface
contaminants.

Stock solutions of the eight contaminants of interest were next prepared,
such that 1.00 cubic centimeter contained 10 milligrams of contaminant.
Using pre-washed wipers (one 4-hour Soxhlet) in glass vials, 1.00 milli-
liter of each contaminant stock solution was added to individual l-gram
samples of cloth, yielding specimens with 10-milligram contaminant per gram
of wiper. These samples were dried overnight in a hood to remove solvent
and were then quantitatively transferred to the Soxhlet extractor, using a
wash bottle to transfer any residual contaminant adhering to the glass
vial. After 4-hour reflux with the solvent being used, and filtration to
remove particulates, the NVR was isolated, weighed, and subjected to FTIR
analysis. Results are summarized in Table III, and analytical data are
given in Tables XXIV through XXXI. FTIR spectra of the original contami-
nants prior to contact with wiper cloth are given in Figures 37 through 44.
FTIR spectra of the contaminant extracts are given in Figures 45 through
205.

Even though all wipers were pre-washed in hopes of eliminating FTIR back-
ground arising from the wiper cloth itself, some wiper background is evi-
dent in almost all of the spectra, and, in some cases, the wiper background
obscures the FTIR scan sufficiently as to render identification almost im-
possible. The ease of FTIR identification for each extract was rated as
either good (easy, for a novice), fair (some skill required), poor (impos-
sible without considerable skill, experience, and access to background
spectra), and very poor (almost impossible). As seen from the data in

Tables XXIV through XXXI, the contaminants which pose the greatest
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challenge are HD-2 grease, Krytox fluorocarbon grease, and hydraulic oil.
For HD-2 grease, only methyl chloroform was a suitable solvent, whereas for
Krytox, only Freon TF gave satisfactory results. The results for hydraulic
0il (Table XXVI) were entirely unexpected, especially the low recovery.

The effect of boiling followed by physical agitation was explored to a lim-
ited extent, as compared to Soxhlet extraction (repeated reflux). Results
are seen in Table XXXII, and recoveries for hydraulic oil were even lower
for boiling-shaking than for Soxhlet extraction. Some improvement in FTIR
scans for HD-2 and Krytox was seen for boiling-shaking versus Soxhlet.
These data illustrate the importance of verifying the suitability of test
conditions for each contaminant. Once wiper/solvent choices are finalized
for each contaminant/surface combination, extraction details may be
optimized as outlined in ETP-0491.
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TABLE I

CANDIDATE WIPER MATERIALS

Trade Name TYype Manufacturer
AbsorbondTM Polyester Texwipe Company
Upper Saddle River, New Jersey 07458
AlphawipeTM Polyester Texwipe Company
Anticon IOOTM Polyester Thomas West Company
P.0. Box 592
Belmont, California 94002
Clean—PalTM Nylon Clean Room Products, Incorporated
1800 Ocean Avenue
Ronkonkoma, New York 11779
Crew'—3330TM Polypropylene Kimberly-Clark Corporation
Roswell, Georgia 30076
FabwipesTM Cotton/Polypropylene Texwipe Company
FoamwipesTM Polyurethane Texwipe Company
MiraclewipeTM Nylon Texwipe Company
One-UpsTM Cotton/polyester Berkshire Corporation
Great Barrington, Massachusetts 01230
Polx 1200™ Polyester Berkshire Corporation
QO-Tips Cotton, glueless Puritan Company
Guilford, Maine 04443
W‘estwipeTM Polyester, sealed edge Thomas West Company
WonderwipeTM Nylon tricot Clean Room Products, Incorporated

TWR-50087
Page 7



TABLE II

ETP-0491 WIPER CLOTH CANDIDATES

OVERALL SUMMARY OF WIPER EXTRACTION STUDIES

Trade Name

111-TCE

Freon TF

MEK

Fabwipes1
Miraclewipe2
Alphawipe>
Polx 1200
anticon 1003
Q-Tips, glueless4
Westwipes3
Absorbond3
anderwipe2
One—Ups5
Clean-pPal?
Foamwipes
Crew-3330"

AN o000 D wwy» PP

>

AN OO0 0w ww P > P

Codes: A. Carryover into final phases

B. Borderline.

1

2Nylon

3Polyester

4Cotton

5Cotton/’polyester
6

7

Polyurethane
Polypropylene

Cotton/polypropylene

A0 wo P o p PP

Retain for possible future study
in case initial selections do not hold up.
C. Cancel from further consideration.

TWR-50087
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