






EXECUTIVE SUMMARY

.

.

The Aerospace Guidance and Metrology Center (AGMC) at Newark Air Force Base

(NAFB), Ohio, has been using cleaning agents such as 1,1, l-Trichloroethane  (TCA) and 1,1,2-

Trichloro  1,2,2-trifluoroethane (Freon 113) for repair of inertial guidance equipment. Both of these

cleaning agents have been classified as stratospheric ozone layer depleting substance (OLDS).

Therefore, AGMC is interested in replacing these with other cleaning agents such as aqueous

detergents. In order to assure that reliability and maintainability levels are not degraded when OLDS

are phased out, a method is required to validate that the cleaning capability of the suggested

alternative is at least as good as that of an existing, proven cleaning agent. The current methods used

by AGMC to evaluate cleanliness are not effective when the parts being cleaned are composed of

irregular or severe geometries as is the case for precision gyroscopes and accelerometers repaired at

AGMC. Therefore, AGMC funded Battelle  to develop and demonstrate a suitable procedure for

quantifying cleanliness. This report describes a cleaning performance evaluation procedure (CPEP)

based on the use of stable isotopes.

The CPEP developed and demonstrated in this project involved two phases. In Phase I,

the contaminants which are present in the current cleaning processes were identified to select synthetic

inorganic particulate and organic contaminants. In Phase H, unique, stable-isotopes of these

contaminants were introduced into the parts followed by cleaning of these parts with various cleaning

agents. The amounts of these unique isotopes extracted, as determined by mass spectroscopy (MS)

provides a measure of cleaning efilciency. The advantages of this technique are that the analysis is

not complicated by introduction or presence of native or air-borne contaminants and no safety

precautions needed for work with radioisotopes are

requires well-trained staff.

The results of Phase I studies showed

necessary. However, the method is complex and

that silica was the predominant particulate

impurity, followed by compounds of calcium and carbon. Compounds of other elements, such as

iron, sodium, magnesium, and tin were also found. Based on these analyses, prices and availability

stable isotopes of silicon (present as silica) and iron were selected for Phase 11 studies. Iron was later

dropped from cleaning performance testing since it could not be dispersed well in cleaning agents.

The silica could be dispersed well, as determined by visual examination, but its recoveries were poor
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1.0 INTRODUCTION AND BACKGROUND

The Aerospace Guidance and Metrology Center (AGMC),  located at the Newark Air

Force Base (NAFB), OH, repairs inertial navigation and guidance equipment for the United States

(US) Air Force and other Department of Defense (DoD) components. The Center repairs thousands

of these delicate, sophisticated electromechanical devices each year. The critical tolerances of many

of these devices and other considerations mandate extensive precision cleaning during the repair

process. The principle solvents used for this cleaning are 1, 1,2-Trichloro 1,2,2-trifluoroethane

(Freon 113)” and 1,1, l-Trichloroethane  (TCA). Both of these solvents have been classified as

stratospheric ozone layer depleting chemicals under the 1987 international treaty “Montreal Protocol

on Substances that Deplete the Ozone Layer”. Comrnonl  y known as the “Montreal Protocol”, the

treaty was ratified by the US Senate in December 1988. The Environmental Protection Agency

(EPA) has since developed domestic regulations to insure the reduction and eventual elimination of

the production and use of various ozone depleting chemicals. AFR 19-15 implements DoD Directive

6050.9 and directs compliance with the Clean Air Act Amendments of 1990 and EPA regulations

relating to chlorofluorocarbons  (CFCS),  halons, and other ozone layer depleting substances (OLDS).

Based on this direction and a recent supplemental direction to accelerate the timetable for compliance,

the Center has initiated a policy to achieve total elimination of OLDS from its industrial cleaning

processes by the end of fiscal year 1993.

● Freon 113 is a registered trademark of DuPont.
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In order to assure reliability and maintainability levels are not degraded when OLDS are

phased out, a method is required to validate that the cleaning capability of the suggested alternative is

at least as good as that of an existing, proven process. The current methods used by AGMC to

evaluate cleanliness include, but are not limited to, unaided visual examination, microscopic visual

examination, solvent filtering with analysis of filter residue, and deionized water break test.

However, these methods are not as effective as desired when the item being cleaned is composed of

irregular or severe geometries as is the case in many of the parts and assemblies composing the

precision gyroscopes and accelerometers repaired at AGMC.

Recent advances in analytical precision, coupled with stable isotope technology, offer a

safe and potentially improved approach to measure cleaning effectiveness. By identifying common

contaminants, doping components under test with stable isotopes of these contaminants, and then

measuring the effectiveness of various cleaning processes to remove these isotopes, a relative measure

of cleaning process effectiveness can be established. The first demonstration of this cleaning

performance evaluation procedure (CPEP)concept for precision cleaning of inertial guidance system

parts was attempted by Battelle  under this contract for AGMC. This report provides the details of the

CPEP, its advantages and disadvantages, its precision, and the developmental needs to expand its

applicability y.

2.0 OBJECTIVES

The objective of this study was to develop, validate and document a stable-isotope-based

cleaning performance evaluation procedure (CPEP)  which can be used to quantify the relative

cleaning effectiveness of various precision cleaning processes used to clean items composed of

irregular or severe geometries. The CPEP is to provide a method to verify whether or not a

proposed cleaning process cleans as effective y as the existing process. This validation method will

help insure that, at the time of selection, a cleaning process change will not have an adverse impact

on reliability and maintainability (R&M).
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Even with ethanol as a dispersant,  some settling of both (contaminant and calibrant)

silica suspensions occurred after 5 minutes. The settled silica could be visibly redispersed  by rapidly

swirling the bottle; however, it is advised that the stock suspension be sonicated before withdrawing a

sample for contaminant doping or calibrant  addition for sample workup. It is suspected that the

. . prequalifying tests on silica, discussed in Section 4.6.4, failed since the contaminant and calibrant

suspensions had unknown, but very Iikel y different amounts of settling. The amount of settling is

likely to have been different because the calibrant  isotope sample had a lower mass mean average

particle size than the contaminant sampIe. This fact was not discovered until afier the prequalifying

tests had been performed. Prior to performing the prequalifying tests, only the number mean average

particle sizes, which were within 10 percent of each other, had been examined.

The particle size distributions were determined using a coulter  counter. The results for

the contaminant and calibrant  samples compared against the native inorganic particulate matter are

shown in Table 8.

TABLE 8. SILICA SIZE DISTRIBUTION

.-

Inorganic
Particulate Found

in Contaminated Synthetic Silica Silica
Parts Contaminant Calibrant

(A) Number mean, pm

Mean 1.7 (typical part) 1.128 1.233

Mode ND 0.811 0.857

Std. Dev. ND 0.170 0.168

(B) Mass (volume) mean,pm

Mean ND 8.499 4.607

Mode ND 21.68 15.12

Std. Dev. ND 0.422 0.374

ND: Not determined
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4.4.2.2 Jron Stock Suspensions. The 57Fe material was chosen as the synthetic

contaminant while the 54Fe material was chosen as the calibrant.  Approximately 2 mg of each Fe

isotope was transferred to each of two 100 ml volumetric flasks. To each flask., 100 ml of filtered

dichloromethane  was added. Both Fe materials contained large ( > 100 pm) particles. Attempts to

reduce the particle size by grinding the powder in a boron carbide mortar and pestle were

unsuccessful because the Fe powder was very ductile. The powder tended to flatten into flakes rather

than into smaller particles.

A sample of the 57Fe material was placed into the mortar in a dry nitrogen filled dry

box. The mortar was placed under liquid nitrogen (LN2) to cool the iron below the ductile-brittle

transition temperature. Grinding was performed in the dry box to reduce the frosting of the mortar

and sample at LN2 temperatures. Several milligrams of 57Fe were ground then sieved with a 325

mesh Nylon sieve. No Fe particles passed the sieve. Since the material could not be reduced to

suftlciently small particle size, the iron contaminant

CPEP is validated with silica or any other inorganic

particle size is recommended.

was not included in further testing. Afier the

particles, additional work to improve the iron

4.5 IsotoDe Analwis

The methods for isotope analysis, including prequalifying tests related to Requirement

No. 3 for CPEP (Section

4.5.1 Or~anic  Analvsis

The organic

3.2), used in this study are discussed in this section.

analyses were performed on the Finnigan TSQ+5 GC/MS. The native

contaminants, the synthetic contaminant and the calibrant  (i. e., analytical spike) compounds do each

produce distinct mass spectral signatures. The quantity of calibrant  recovered in the analysis is used

to correct the analysis of the synthetic contaminant for losses during sample preparation. For

example, if the GC/MS analysis finds 0.4 ~g/ml  ofs ynthet ic contaminant and 0.8 pg/ml of calibrant

in a sample and the cal ibrant  spike concentration was 1 ~g/ml, then the sample preparation procedure

recovered 80 percent of the anal ytes. Assuming a well dispersed system, the true synthetic

contaminant concentration was 0.5 pg/ml.  Thus, the calibrant is used to determine the efficiency of

. . .

.

I
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. . . . the sample preparation techniques

and analysis are given in Sections

and to correct for analyte  losses. The details of sample preparation

7.6, 7.8, 8.2, and 9.2 of CPEP (Appendix A). These procedures















tests, because the calibrant solution will be added to the aqueous phase prior to the dichloromethane

extractions. The presence of both isotopic forms of each compound in the aqueous phase provides a

straightforward correction for losses which occur during sample preparation.

TABLE 13. CONTAMINANT RECOVERY FROM DISTILLED WATER

II I II

II Compound Test 1 Test 2
1

II Dimethylphthalate-4 99.6 100.0
I I I

II Phenanthrene-d,0 99.5 ! 99.6
1 I
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of each of the types of silicon present in the sample. The sample calculations described in Appendix .,,.

A, Section 8.1, were used to determine the amount of native silica and synthetic contaminant silica

present.

The isotopic abundances determined by SSMS are shown in Table 14. These are

averages of 4 or 5 analyses performed on different parts of the same graphite powder sample.

mean and standard errors of the calculation values of silica recovery are shown in Table 15.

TABLE 14. SILICON ISOTOPE ABUNDANCES IN TCA PREQUALIFYING TESTS

The

:( ,

●

Isotope Abundance (Averages)

Test
28Si 29Si 30Si

8.2.1 0.775 0.114 0.111

8.2.2 0.811 0.089 0.100

:

TABLE 15. RECOVERY OF SYNTHETIC SILICA CONTAMINANT
FROM TCA IN PREQUALIFYING TESTS

Recovery, %

Test No. of Analysis Mean, % Standard Error of the Mean, %

8.2.1 5 45.4 * 13.4

8.2.2 4 60.2 * 11.4

As seen in Table 15, the poor recoveries of silica were unacceptable. However, the

relatively low standard error suggested that there was possibly a systematic error which caused the

low recovery of the silica. To help understand the potential causes for the poor recoveries, the

particle size distribution of the two isotopic silica samples were analyzed more closely, as discussed

previously (Section 4.5). It is suspected that the stock samples and cleaning workup samples were not

adequately mixed and that the synthetic contaminant isotope had preferentially greater settling, due to

its higher mass mean particle size, than the calibrant isotope. Unfortunate y, this potential problem

was not recognized until after the cleaning performance tests (Section 4.7) had already been

. . .

,*

.
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and solution. Since the positive internal pressure produced by the nitrogen flow would increase

leakage from the device, the procedure was modified to use a vacuum pump to pull air through the

test device. The pump produced a negative pressure in the device and stopped or reduced the

leakage. To further control any remaining leakage, the joint of the case halves was wrapped with

Teflon tape. The tape served to improve the seal and collect any contaminants which escaped from

the device. After the doping was completed, the tape was removed from the device and saved. The

tape was extracted with dichloromethane  and the extract was combined with the contents of the cold

trap used to collect volatile organic contaminants escaping from the test device during the solvent

evaporation step. Prior to doping, test devices were fitted with 1/16” copper fill tubes and any

internal parts needed to allow sealing of the device were attached. The parts were thoroughly cleaned

using the current cleaning procedure. The parts were then vacuum dried and the case halves were

reassembled.

TABLE 17. TEST MATRIX FOR CLEANING







Cold Trap

Dewar

Figure 3. Schematic Diagram of Test Device for Organics Doping
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the interior of the device more uniformly. The larger liquid volume also increased the drying time

so that tilting of the device could distribute the contaminants on the internal surfaces of the test

device. After evaporation of the dichloromethane  carrier the pump was stopped and the test device

was disconnected and set aside. The contaminant loadings and drying times for the test devices are

given in Table 18.

TABLE 18. TEST DEVICE SYNTHETIC CONTAMINANT LOADING
(A-200D ACCELEROMETERS)
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The data in Table 19 show that about 10 to 20 percent of the dimethylphthalate

contaminant escapes from the test devices during the drying step. Loss of this compound was

expected due to its moderate vapor pressure at room temperature and is the reason for use of the cold

trap during drying of the organic contaminants. The other compounds escape when the device leaks,

but do not appear to be lost significantly by evaporation. In all cases, the losses from the

accelerometer were determined to calculate the amounts of various contaminants actually present

during the cleaning tests (Section 4.7.2).

TABLE 19. COLD TRAP AND TEFLON TAPE RESIDUE ORGANIC
CONTAMINANT ANALYSIS

Recovery, percent
Test

Dimethylphthalate-% Phenanthrene-dlo Octodecanoic acidd35

la 7.0 2.9 12.3

2 14.5 2.0 0.8

2Rb 9.7 2.8 0.14

3’ 11.7 6.0 5.8

4 23.3 5.7 0.24

5’ 9.1 12.5 10.5

6 20.1 5.8 1.9

7 15.3 3.7 0.8

8 10.8 2.7 0.6

Notes: (a) The device leaked and the cold trap was fitted 4 min after drying started.
(b) Test repeated because organic calibrant  was not added to the first cleaning cycle residue.
(c) The device leaked.

4.7.2 Cleanirw Tests

All of the cleaning performance evaluation tests were performed at NAFB using a

Branson Ultrasonic Cleaning System Model BCR-1 824-36 with an ultrasonic generator Model EMIX

7036. The generator operating frequency was 25 KHz and the output power was 1260 Watts. The

dimensions of the bottom of the ultrasonic bath were 18” x 24”. Ultrasonic cleaning was chosen as
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the cleaning process for validation testing because ultrasonic cleaning could be performed more

repeatably than other cleaning processes, such as liquid impingement. A cleaning cycle time of

minutes was used for all cleaning cycles except the deionized water rinse cycle of the aqueous

detergent cleaning tests, 7 and 8 which was only 11 seconds long. The details of the cleaning

,* .,

15

performance evaluation tests performed during this program are shown in Table E-1 (Appendix E). x... 1

For the validation tests, each doped test device was opened and placed into a 600 ml Pyrex glass .

beaker containing 400 ml of the cleaning agent indicated in Table E-2. Aluminum foil covers were *:

used to reduce cleaning agent evaporation from the beakers. The covered beakers were placed on .

racks in the cleaning bath and the cleaning cycle was begun. The beakers were removed from the --> ,
bath at the end of the cleaning cycle and the devices were transferred to a new beaker containing 400

ml of the cleaning agent for the next cleaning cycle. During the following cleaning cycle, the

aluminum foil covers of the previous cycle’s beakers were washed with fresh cleaning agent. The
., . . .

wash was added to the corresponding beaker. The inorganic and organic calibrants  were injected

into the beakers using separate hypodermic syringes. The contents of each beaker were

quantitatively transferred to labeled 16 oz. glass bottles. The bottle caps were sealed with Teflon tape

and the samples were returned to Battelle  for analysis.

4.7.3 Cleanimz  Extract Analvsis
. .

The cleaning extracts described in the previous section were analyzed by Evans East for

silicon isotope abundances by spark-source mass spectrography (SSMS) and at Battelle  for the organic

contaminant concentrations by GC/MS analysis. The inorganic samples were prepared for SSMS

analysis by drying a 100 ml aliquot  of the cleaning agent residue onto 5 mg of high-purity graphite in

precleaned porcelain crucibles. A 150 ml aliquot  of the aqueous detergent residue and the aqueous

rinse samples were filtered through 0.22 pm pore size filters (Multipore Type GS) to avoid

contamination by sodium metasil  icate in the detergent. The filters were ashed for 2 hours at 600 C.

The ash was mixed with high-purity graphite and submitted for SSMS analysis.

.-, !
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and then redissolved in 1 ml of dichloromethane. Thestep ofevaporation to dryness was necessary

because all samples containd  2 ml of ethanol. The presence of ethanol in the sample can cause

degradation of the GC column. Note that all these redissolved samples exhibited a cloudy

appearance. The suspended particles were settled down to the bottom of the sample vials and only

the clean solutions were used for GC/MS analysis. A 1 pi aliquot  of each concentrate was analyzed

by GC/MS.  The aqueous rinse samples were extracted three times with dichloromethane.  The

aqueous layer was saturated with sodium chloride to drive the organic compounds into the

dichloromethane.

4.7.4 Cleanirw Efficiency Calculations and Errors

As discussed in Section 4.6, the silica recovery prequalifying tests failed resulting in

unacceptable low recoveries. Therefore, only a few of the samples from cleaning performance testing

were processed for silica analysis. These results also showed poor recoveries. Therefore, in the

following discussion, the results for organic contaminant removal are emphasized to demonstrate the

validity of CPEP. In a future phase, when the silica sample preparation and handling procedure is

refined, the CPEP can be validated for inorganic particulate removal.

The cleaning extract analyses were used

of a contaminant extracted. The results are tabulated

to calculate percent cleaning, defined as percent

in Tables E-3, E-4, and E-5 (Appendix E).





43

. .
.

*

I
I
\
\
\
I
\
I

\
\
\

\
\
\

%\ \ “\
\ \ \
\ \

\ “
\ \\

I I I I I I I 1 I I

o 0 0 g o 0 0 0 0 0 0
0 m co m m * m t = l -

—

















51















Kuderna-Danish (K-D) Concentration

58

A method which concentrates solutions by evaporating
the solvent at a temperature below its boiling point. A
condenser is used to trap the solute compounds while
allowing the solvent to escape slowly. -,
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cleaning residue in a known amount. The cleaning residue containing both isotope forms is

analyzed by mass spectral methods to determine the isotopic ratios of the contaminants. The

isotope ratios and the amount of calibrant material added are used to determine the quantity

of synthetic contaminant removed during the cleaning procedure. The effectiveness of a

cleaning procedure is calculated based on the amount of contaminants it removes.

2.0 ADVANTAGES AND DISADVANTAGES
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6.5 Selection of Simulated Contaminants

inorganic simulated contaminants.

Examine the list of the most common inorganic particulate
compositions for the five major elements.

Choose the most common element which has three or more stable
isotopes to represent the bulk of the particulate.

Choose any element which is susceptible to special particle
adherence mechanisms (i. e., iron metal--magnetism) of interest, and
has three or more stable isotopes.

Choose the next most common element which has three or more
stable isotopes.

Determine the cost and availability of isotopes of the selected
elements. The preferred isotopes are those with natural abundances
between 0.5 and 10 percent enriched to more than 90 percent.
Isotopes with natural abundances above 10 percent yield poorer
sensitivity while isotopes below 0.5 percent abundance are very
expensive when enriched to high concentrations. Do not use the
major isotope. Two enriched isotopes are needed for each element.
The isotope with the lowest natural abundance will be used as the
simulated contaminant. The second isotope, the calibrant, will be
used in the analytical procedure to correct for losses during analysis.

Selection of organic simulated contaminants

.,,

P.

.

.. .

.

6.5.2.1 Examine the list of the most common organic compounds for the
different classes of organic compounds (i.e., acids, bases, esters,
aliphatic and aromatic hydrocarbons, alcohols, aldehydes, etc.).

.

6.5.2.2 Select candidate compounds with a range of polarity, since a
molecule’s polarity has a strong influence on its volubility. A close
match between the polarity of a solute and solvent results in good
solubility, while a polarity mismatch produces poor volubility.

.

6.5.2.3 The selected compounds should have low volatility so that they will
remain on the parts until the cleaning is performed. Significant
fractions of volatile compounds may be lost by evaporation.
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6.7.2

.
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7.1.2 The simplest test plan would be set up to compare the cleaning performance of
two cleaning agents - the currently used or baseline cleaning agent and a
candidate replacement cleaning agent for one type of test device. A minimum of
three test devices should be cleaned in each cleaning agent to permit statistical
estimates of the cleaning performance to be made. For cleaning agents in which
the contaminant compounds can be determined, three cleaning cycles should be
performed on each test part. This will permit a determination of the length of
cleaning time needed to achieve a desired level of cleanliness.

7.1.3 Additional candidate cleaning agents can be added to the test matrix by including
parts which will be cleaned by that cleaning agent.

7.1.4 If a cleaning agent residue cannot be directly analyzed, e.g., in cleaning with
aqueous detergents, an alternate method may be employed. The alternate
cleaning method uses three cleaning steps. In the first cleaning step, the test
parts are cleaned one time using the candidate cleaning process. The candidate
cleaning agent is then rinsed off. For aqueous detergents, rinse with distilled
water at the same temperature as the cleaning agent. After rinsing, the test parts
are cleaned one time in a baseline cleaning agent for which the cleaning
performance, using sonication, as a function of cleaning cycle is known. The
amount of contaminant thus removed by the baseline cleaning agent can provide
a quantitative assessment of the cleaning effectiveness of the candidate cleaning
agent. For example, let us assume that the incremental and cumulative percent

c“., +
.

.. . \
.

. . . .
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7.2.1

7.2.2

7.2.3

7.2.4

7.2.5

7.2.6

7.2.7

7.3.1

test part is cleaned through one cycle using the candidate cleaning method, such
as liquid spray. The part is then cleaned through one cycle in an ultrasonic bath
using a baseline cleaning agent. A calculation similar to the example n 7.1.4
can provide a quantitative assessment of the cleaning effectiveness of the
candidate cleaning method.



-

7.3.2 Prior to contaminant doping, test the seal integrity of a sample test device by r .
injecting several milliliters of ethanol into it through one of the fill tubes.
Change the orientation of the part so that the seal regions are below the liquid
level inside the part. Examine the seals for leakage. If leakage occurs, steps
must be taken to eliminate or minimize it.

7.3.3 Preparation

7.3.3.1

7.3.3.2

7.3.3.3

7.3.3.4

7.3.3.5

7.3.4 Preparation

of test artsldevices.

Attach two 1/16” copper fill tubes to each test device.

Add additional parts to the interior of the device so that it can be
sealed .

Thoroughly clean the test devices using the current cleaning
procedure.

Dry the parts after cleaning.

Reassemble the cases of the test parts. The case halves should fit
well. If a loose fit occurs and several parts are being doped, try to
rearrange the halves to obtain good fits for all of the devices.

of the cold bath.

A dry ice bath is recommended over a liquid nitrogen bath because the liquid
nitrogen bath will freeze the dichloromethane  and condense atmospheric oxygen
in the cold trap. A dry ice + acetone bath produces a temperature of -78 C
which is sufficiently low to effectively condense dichloromethane  without
freezing it.

Caution: Acetone produces volatile, flammable vapors. The cold bath must be
set up in a fume hood away from flames and sparks.

7.3.4.1 Fill a small (3 inch diameter x 6 inch tall) Dewar flask half full with
dry ice pellets. Slowly and carefully add acetone to within 1 inch of
the top of the flask.

7.3.4.2 The cold bath is now ready for
amount of dry ice remaining in
as needed.

use. During the doping, monitor the
the Dewar flask. Add dry ice pellets

.   

<

.

.

.
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..-. 7.3.5

7.3.6

7.3.7

7.3.8
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7.3.4.3 If all of the dry ice sublimes, the temperature of the bath will
to increase. Add dry ice one pellet at a time until the violent

begin

bubbling stops, then add excess pellets. If dry ice is added to an
over temperature bath too quickly, the acetone will boil out of the
Dewar flask.

Wrap seal regions of the parts with at least three layers of Teflon tape. The tape
reduces the probability and amount of leakage at the seals and serves to collect
the leaked contaminants. Record a characteristic number on the device for
identification.

Attach a length of 1/8” Teflon tubing to one of the fill tubes. Attach the free
end of the Teflon tubing, cleaned as in 7.2.4, to a length of 1/4” latex rubber
tubing using a short (- 2 inch) piece of 1/4” thick wall Teflon tubing as an
adapter. Attach the free end of the latex tubing to a small metal bellows air
pump (or equivalent). A valve can be fitted on the pump inlet to permit control
of the air flow rate. See Figure 1 for a schematic diagram of the
interconnections.

Attach a second length of 1/4” latex rubber tubing to the side arm of the cold
trap. Attach a length (- 2 feet) of 1/4” Teflon tubing to the inlet of the cold
trap using a 1/4” to 3/8” polypropylene union and 1/4” and 3/8” polypropylene
nuts. Place a 1/4” nut and union on the free end of the 1/4” Teflon tube. See
Figure 2 for a schematic diagram of the interconnections. Clamp the cold trap to
a ring stand.

7.3.7.1 Remove the organic solutions prepared in 6.6.3.5 and 6.6.3.7 from
the freezer and allow it to return to room temperature.

Inorganic contaminant doping.

7.3.8.1

7.3.8.2

7.3.8.3

7.3.8.4

7.3.8.5

Sonicate the inorganic contaminant suspension for 5 minutes to
disperse the particles. The suspension must be used with 5 minutes
of sonication to insure adequate suspension.

Start the vacuum pump and open the flow valve, if present.

Inject two 1.0 ml aliquots of the inorganic contaminant suspension
through the fill tube using a 1 ml hypodermic syringe.

Rinse the fill tube by injecting two 1 ml aliquots of filtered (0.2 pm)
ethanol into the device, using the same syringe as in 7.3.8.3.

Start a timer to measure the drying time.

. . . .

—.
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Test
Device
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7.3.12.6

7.3.12.7

7.3.12.8

7.3.12.9
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Change the orientation of the part during drying so that the liquid
pool inside can wet as much of the internal surface as possible.
Insure that the liquid is not pumped out of the test device. Examine
the Teflon tape for evidence of liquid leakage.

Hold the device in both hands during the drying step aid aid
evaporation. The device will cool significantly during evaporation of
the dichloromethane.

The dichloromethane dries in approximately 5 minutes. Continue the
air flow 5 additional minutes to provide a safety factor; no change of
orientation of part during this, final drying step is necessary.

Stop the vacuum pump.

7.3.13 Disconnect the test device from the 1/8” Teflon tube and set the device on a
clean surface. Keep the part closed until ready to perform the cleaning.

7.3.14 Remove the cold trap from the cold bath. Check the dry ice level in the cold
bath. If additional parts are to be doped, add dry ice as in 7.3.4.3, if required.

7.3.15 Disconnect the latex tube and 1/4” Teflon tube and polypropylene fittings from
the cold trap.

7.3.16 Capture cold trap contents for analysis.

7.3.16.1 If liquid leakage was detected during the inorganic contaminant
doping, sonicate the calibrant suspension for at least 5 minutes to
disperse the particles, then inject 1 ml of the inorganic calibrant
suspension into the top of the cold trap using a hypodermic syringe.
Wash the syringe with 1 ml of filtered ethanol. Add the wash to the
cold trap. Record the addition of the inorganic calibrant for the
organic analyst. Inject 200 ul of the organic calibrant solution into
the top of the cold trap. Mix the calibrant with the condensed
dichloromethane. Wash the center tube with several milliliters of
filtered dichloromethane.

7.3.16.2 Transfer the contents of the cold trap to a 2 oz precleaned glass
bottle by pouring the contents out the side arm. Pour slowly so
liquid does not escape through the top opening in the trap.
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7.3.16.3 Wash the trap twice with several milliliter portions of filtered
dichloromethane. Add the rinses to the trap’s original contents.
Label the bottle as the cold trap collection sample. Seal the bottle
cap with Teflon tape. Prepare the cold trap sample for analysis as in . .

7.6.3.4.

7.3.17 Remove the Teflon tape from the test device using a clean forceps. Place the
tape in a suitable, labeled container. The Teflon tape will be washed and
combined with the cold trap sample as in 7.6.3.4.

7.3.18 The contaminant doping is complete.

. 4

7.4 Cleaning Tests

7.4.1 Prepare the cleaning device for operation. Bring the cleaning device to the
desired operating temperature. Obtain racks to hold the cleaning containers, as
needed.

7.4.2 Mark the cleaning containers with the test identifier and cycle number. Cleaning
must be performed in an enclosed container so that all of the cleaning residue
can be collected. An aluminum foil cover prepared as in 7.2.2 can be used to
close the top of a beaker.

7.4.3 Fill the containers with the proper volume of cleaning agent.

7.4.4 Open the test device and place the test device into the container of cleaning agent
using clean tongs. Position the part so that the cleaning agent has good access to
the contaminated surfaces.

7.4.5 Place the containers into the cleaning device and perform the cleaning cycle for
the desired time.

7.4.6 Label and fill the containers for the next cleaning cycle during the current cycle.

7.4.7 At the end of the cleaning cycle, remove the container from the cleaning device.
Using the tongs, transfer the test device to the container as in 7.4.4 for the next
cleaning cycle, if appropriate. Repeat steps 7.4.5 to 7.4.7 for each additional
cleaning cycle.



.
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7.5.1

7.5.2

7.5.3

7.5.4

7.5.5

7.5.6

7.5.7

7.5.8

7.6.1
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7.5 Addition of Calibrant to the Cleaning Residue

The addition of a known quantity of calibrant compounds to the cleaning residue
is the basis of the isotope cleaning evaluation method. The calibrant mixture
must be placed into the container in which cleaning was performed.

Sonicate the inorganic calibrant suspension from 6.6.2.5 for at least 5 minutes
before use. The suspension should be used within 5 minutes of sonication to
insure uniform distribution of particles.

Warm the organic calibrant solution from 6.6.3.7 to room temperature and
ensure that the compounds are completely dissolved.

Wash the inside surface of the aluminum foil covers with fresh cleaning agent.
Allow the wash to fall into the cleaning residue container.

Inject 1 ml of inorganic calibrant suspension into the cleaning residue. Wash the
hypodermic syringe with two 1 ml portions of filtered ethanol.

Inject 200 pl of organic calibrant solution into the cleaning residue; there is no
need to rinse.

Transfer the cleaning residue into cleaned, labeled sample containers. Wash the
container walls with fresh cleaning agent. Add the wash to the cleaning residue.

Return the

Separation

7.6.1.1

7.6.1.2

7.6.1.3

organic solutions to the freezer after cleaning is completed.

7.6 Analytical Sample Preparation

of inorganic particulate and organic compounds.

Clean, as in 6.1, a vacuum filtration apparatus for a 37 mm diameter
filter.

Filter the entire sample through a 0.2 um pore size cellulose acetate
filter. Agitate the sample bottle before transferring liquid into the
filter funnel to resuspend particulate which may have settled to the
bottom of the bottle.

Wash the interior of the bottle with clean filtered cleaning agent or
distilled water in the case of aqueous cleaning agent. Filter the wash
liquid.



7.6.1.4

7.6.2 Preparation

7.6.2.1

7.6.2.2

7.6.2.3

7.6.2.4

7.6.2.5

7.6.2.6

7.6.3 Preparation

7.6.3.1
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After filtration is complete, remove the filter from the apparatus and
place it into a precleaned porcelain crucible. Return the filtrate to
the original sample bottle for organic analysis.

of inorganic sample for analysis

In a fume hood, wet the filter with 3 ml of filtered ethanol. Ignite
the ethanol with a flame to char the filter. Allow the ethanol to bum
completely.

Cover the crucible and place it in a muffle furnace at 200 C.
Increase the furnace temperature to 600 C over 1 hour. Hold for 2
hours at 600 C.

Remove the crucible from the furnace and cool it to room
temperature.

Add 10 mg of high-purity graphite powder (ultracarbon UCP-1) or a
suitable quantity of high-purity silver powder to the residue in the

<

*
.

s . . ,

crucible.

Mix the residue and powder with a
Transfer the mixture to a labeled 2

The inorganic sample is now ready
mass spectral analytical laboratory.

of organic sample for analysis

Pre-prep of aqueous cleaning agent

noncontaminating  spatula.
ml polystyrene vial.

for submittal to the inorganic

sample.

This procedure only applies to the deionized water rinse sample; a
potential, related procedure for detergent cleaning solution may be
possible, but has not yet been validated. If the cleaning agent is
nonaqueous, proceed to 7.6.3.2. A special procedure for the cold
trap samples is given in 7.6.3.4.

7.6.3.1.1 Transfer a 200 ml aliquot of the distilled water rinse
sample to a 1000 ml separator funnel, and add 1 ml of
3N HC1 to adjust the sample’s pH value to 2. Add 50
ml of dichloromethane and shake the funnel to extract
the organic contaminants into the dichloromethane layer.













30

MATRIX also calculates the quantities of natural and synthetic contaminants
the cleaning residue using the calculated mole fractions and the amount of
calibrant added to the residue after cleaning. A description of MATMX is
contained in Appendix A.

9.1.3 Calculate the total moles of each element:













EXAMPLE CHECK LIST FOR ULTRASONIC CLEANING

Prepare and clean the cleaning containers and sample bottles, etc.

Prepare the cleaning device for operation.

Bring the cleaning device to the desired operating temperature.

Obtain racks to hold the cleaning containers, as needed.

Mark the containers to identify the test device and cleaning cycle.

Fill the containers with the proper amount of cleaning agent.

Transfer the test devices to the appropriate Cycle 2 containers for the next cleaning cycle.

Place the containers for the second cycle into the cleaning device.

Measure and record the initial temperature.

Begin the second cleaning cycle.

Wash the cleaning container with clean cleaning agent. Add the wash to the cleaning
residue.

Label and fill containers for the third cleaning cycle during the current cycle.

KJ::
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Remove the containers from the cleaning device.

Transfer the test devices to the appropriate Cycle 3 containers.

Place the containers for the third cycle into the cleaning device.

Measure and record the initial temperature.

Begin the third cleaning cycle.

Wash each container cover with clean cleaning agent. Allow the wash to fall into the
corresponding container.

Sonicate the inorganic calibrant at least 5 minutes before use.

Inject 1.0 ml of inorganic calibrant into the cleaning residue with a hypodermic syringe.

Wash the syringe with two 1 ml positions of filtered ethanol. Add the wash to the cleaning
residue.

Inject 200 ul of organic calibrant solution into the cleaning residue.

Transfer the cleaning residue to labeled sample bottles.

Wash the cleaning container with clean cleaning agent. Add the wash to the cleaning

residue.

At the end of the third cycle, record the final temperature.

Remove the containers from the cleaning device.

Remove the test devices from the containers. Set the test devices aside.

Wash each container cover with clean cleaning agent. Allow the wash to fall into the
corresponding container.

Sonicate the inorganic calibrant for at least 5 minutes before use.

Inject 1.0 ml of inorganic calibrant into the cleaning residue with a hypodermic syringe.

Wash the syringe with two 1 ml portions of filtered ethanol. Add the wash to the cleaning
residue.

Inject 200 ul of organic calibrant solution into the cleaning residue.

Transfer the cleaning residue to labeled sample bottles.

Wash the cleaning container with clean cleaning agent. Add the wash to the cleaning
residue.

Wrap the caps of all sample bottles with Teflon tape.

Submit the samples for isotope analyses.

—
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ATTACHMENT A
FORTRAN PROGRAM MATRIX

The program MATRIX is written in FORTRAN 77 to solve the matrix equation:

where M =-.

A
in

A

column solution vector which gives the mole fraction of each component
the mixture.

column vector of isotope abundances measured by the mass
spectrograph.

MATRIX uses both keyboard input, which selects the input file and output

device, and an input file which provides the input data for the program. The matrix

equation, which may be overdetermined, is solved using Householder transformation matrices

to transform the given matrix to upper triangular form. The upper triangular matrix is

solved by back substitution in subroutine OVERD. OVERD functions as a driver routine for

the Householder transformation process. It accepts the input information from the main

program, initializes array P to a suitably sized identity matrix, then calls the transformation

subroutine HOUSEH which replaces array P with the Householder transformation of the

original matrix. The right hand vector a is also transformed by multiplying by P to yield an

upper triangular matrix equation. The transformed system is solved by back substitution.

The Householder transformation procedure is an accepted method for the solution of least
.

squares fit problems, and is more computationally stable than the commonly used least

squares normal equations. The Householder transformation approach was chosen because it
.

can solve both ‘square’ (N equations, N unknowns) and overdetermined (N equations, M

unknowns, M <N) systems of equations. An overdetermined system would result when more

than three isotopes of an element can be determined by the mass spectrograph while a

‘square’ system results when three isotopes are used. If only two isotopes are available the

system is underdetermined and the program will fail.

—
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MATRIX was written on an ATARI ST computer and contains some nonstandard

code. The output device names PRN: and CON: may need to be changed for a different

computer. The date and time subroutine PDATE also contains machine dependent code to

get the date and clock time. The device names and time function calls must be changed to

match the requirements of the system on which the program will be run.

The contents of the input file are described in Table A 1 below. An example

input file is shown in Table A2. All of the numeric input variables are list directed so that

the variables on each line may be separated by spaces or a comma.

The program output is comprised of four parts. The first part contains the date

and time of the computation, the name of the input file, and the title line from the input file.

This information is provided to identify the source of the input data. The second portion of

the output gives the solution of the matrix equation. The solution shows the mole fraction of

each component comprising the analyzed mixture. The column of the solution corresponds

to the identification of the columns in matrix M. The third portion of the output shows the

residuals of the right hand vector A not accounted for by the least squares solution of the

matrix equation. The residuals are nonzero only for the overdetermined matrices and zero

for square matrices. The last output section gives the mass of the contaminant species,

native and synthetic, present in the sample, based on the mass of calibrant added to the

sample after cleaning. The units are the same as the units of the input variable CALWT.

The mass of element and compound are given. The compound weight is calculated from the

element weight and the user supplied gravimetric factors.

The program output produced using the input data given in Table A2 is shown in

Table A3.

The program source code is contained in the file MATRIX. FOR on the 5-1/2”

floppy disk included with this procedure. The sample input data is on file TEST821 .DAT.

.
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TABLE Al. MATRIX PROGRAM INPUT VARIABLES

Line Variable Type Description

1 TITLE Character *8O Descriptive identifier for the problem

2 Integer Number of rows in the matrix

2 NC Integer Number of columns in the matrix

3 A(l,NC) Real*8 First row of the coefficient matrix

4 A(2,NC) Real*8 Second row of the coefficient matrix

2+NR A(NR,NC) Real*8 Last row of the coefficient matrix

3+NR ATOMWT(NC) Real*8 Atomic weight for each mixture
component. Use the column order of the
coefficient matrix.

4+NR GRAVP(NC) Rd*8 Gravimetric  factor for conversion from
element to compound for each mixture
component. Use the column order of the
coefficient matrix.

5+NR NCAL Integer Column in the coefficient matrix
corresponding to the calibrant component
of the mixture

5+NR CALWT R~*8 Weight of the calibrant compound added to
the sample. The output weights will be in
the same units (i.e., pg).

6+NR B(NR) Real*8 Measured isotope abundances determined
by mass spectrometric analysis in 9.1.1.
Use the row order of the coefficient
matrix.



TABLEA2. PROGRAM MATRIX SAMPLE INPUT

Silicon isotope analysis - Test 8.2.1
3 3
.9221 .0412.0440
.0470 .9565.0032
.0309 .0023.9528
28.08628.937629.8827
2.139322.105792.07081
210.4
.775 .114 .111
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TABLE E-1 . CLEANING PERFORMANCE VALIDATION TESTS

Test

1

.

.

2

.

.

3

.

“

4

.

.

5

“

.

6

.

.

7

“

“

8

.

.

2R

.

.

Notes: TCJ

I Calibrant  (LLI)

Cleaning Cleaning Cleaning
Date Cycle Agent Time Inorganic Organic

20 Mar 1992 1 TCA’ 15 tin 500 2CMI

. ~ . . .

. 3 “ . “ “

20 Mar 1992 I TCA 15 min 500 None

. 2 . . . 200

“ 3 “ “ . “

20 Mar 1992 I 1 I TCA I 15min I 500 I 20Q

. 2 “ . . .

. 3 . . .

21 Apr 1992 1 Freon 113 15 min 2000 200

. 2 “ “ . .

. 3 “ . . .

21 Apr 1992 1 Freon 113 15 min 2000 200

. 2 . . . .

. 3 . . . .

21 Apr 1992 1 Freon 113 15 min 2000 200

. 2 . . . .

. 3 . . . .

27 Mar 1992 1 Aqu. Deter. 15 min SW None

. 2 Deionized 11 Sec 500 200
Water

. 3 TCA 15 min . “

27 Mar 1992 1 Aqu. Deter. 15 min 500 None

. ~ Deionized 11 sec 500 200
Water

. 3 TCA 15 min . .

21 Apr 1992 1 TCA 15 2000 200

“ 2 . . .

. 3 . . . “
I I I 1 I

- 1,1, 1,-trlchloroethane

Bath
Temperatutx

58 Fto 661

64 F[074F

74 Fto84F

58 Fto66F

64 Fto74F

74 Fto84F

58 F1066F

64 Fto74F

74 Fto84F

70 Fto78F

78 Fto82F

82 Fto87F

70 Fto78F

78 Fto82F

82 Fto87F

70 Fto78F

78 Fto82F

82 Fto87F

155 F to
160 F

160 F

74 Fto70F

155 F to
160 F

160 F

74 to 70 F

70 Fto78F

78 Fto82F

82 FI087F








