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Preface

P.1  PURPOSE

The document defines requirements and provides instruction for an aluminum treatment process for spacecraft propulsion demisable tanks.  

P.2  APPLICABILITY 

This work instruction outlines the general process and quality assurance provisions for an aluminum treatment process for demisable tanks. This work instruction defines the applicable documents, hardware, tools, and procedures for an aluminum treatment process for demisable tanks. The aluminum treatment process will be performed by any qualified technician in conjunction with the responsible 597 propulsion engineer.
P.3  REFERENCES 

	Document Number:
	Document Title:

	D1193-99E1
	ASTM International Standard for Specification for Reagent Water, Type 1, Grade A

	MSDS - 99% IPA
	Material Safety Data Sheet, 99% IPA, Reagent Grade

	MSDS – Naphtha
	Material Safety Data Sheet, Naphtha TT-N-95, Type II, Aliphatic

	MSDS - Nitrogen
	Material Safety Data Sheet, High Purity, 99.99%, Technical Grade

	ACEI 061606-1
	Hydrazine Compatibility of Wettable Aluminum Surfaces

	GPR-8500.3A
	Waste Management

	NASA-STD-8719.7
	System Safety Guidebook

	GPR 7320.1A
	Facility System Safety


P.4  CANCELLATION 

Not Applicable


P.5  TOOLS, EQUIPMENT, AND MATERIALS 
	Item
	Quantity
	Comments

	1000 ml pyrex beakers
	12
	Pyrex, 1L 

	Naphtha 
	1 gal
	TT-N-95

	Fiberglass Heating Tape
	5
	12 in x 6 in; 100-180W Operating Range 

	Crucible Tongs
	4
	Length 9 in. Stainless Steel 

	Corning Scholar 171 Stirrer
	1
	Corning No. 6795-171

	Teflon Coated Stirring Rods
	1
	Pack of 10 : 50mm x 7.5mm

	6" diameter Watch glass or Petri dish
	1
	Pack of 12: Corning 9985 650, Pyrex

	6”-8”Petri Dishes
	1
	Pack of 12

	Precision Thermometer
	2
	Ertco Incubator and Water Bath: 1 deg to 100 deg C 

	Alconox
	1 gal
	Phosphate Free, Critical Cleaning (CASE OF 4) 

	70% IPA
	500 ml
	Rubbing Alcohol

	99% IPA
	500 ml
	Reagant Grade

	Variable Autotransformer
	1
	0-120V/140V 1.4KVA

	Stainless Steel Brush
	6
	.003" dia steel hand-laced brush with Al handles

	10 Micron Level Clean Room Wipes
	5
	1 Pkg only contains ~100 wipes

	Gaseous Nitrogen
	As Req.
	99.99% Technical Grade

	Bagger and Sealer
	As Req.
	Preferably a Heat Enabled Sealer

	Bagging Material
	As Req.
	Ziploc Brand Freezer bags, 1gal

	Bagging Material
	As Req.
	Ziploc Brand Freezer bags, 1qt

	Latex or Nitrile Gloves
	1
	Box of 50, Lab Grade

	Distilled Water
	As Req.
	Type I, Grade A or higher, for Critical Cleaning 

	Distilled Water
	As Req.
	Drinking Grade 

	Glass Stirring Rods 200mm S63449 
	1
	Pack of 72

	Respirator - Silocone Full Facepiece 
	1
	Item # 3A183
P/N:760008A

	Cartridges Respirator -Gas and Vapor 
	2
	Item # 6T454
7583P100

	Pistol-Grip Blowguns 
	1
	P/N: 5668K11

	Waste Containers 
	2
	P/N: 4070T64

	Cable for Heat-Generating Appliances 
	1
	P/N: 4181T1 one section that is 25 ft long

	Wire Male Plug 
	5
	P/N: 7216K51

	Butt Splices Heat-Shrink Insulated 
	10
	P/N: 7227K63


P.6  SAFETY PRECAUTIONS AND WARNINGS

*****WARNING*****

Gloves and protective eyewear must be worn at all times.
A NIST approved respirator with organic vapor cartridges shall be worn while working directly with Naphtha.
P.7  TRAINING 

All personnel involved in this procedure must have received training in the following areas:

· Compressed Air Safety 
· Fire Extinguisher: Fight or Flight
· Hazardous Material Handling
· Hazardous Material waste: Cradle to Grave Responsibility
· Respirator Training and Fit Check
P.8  RECORDS

[Describe all records, including forms recommended or required to carry out the requirements of the WI.  In addition, identify in a Records Table, all records resulting from the WI, the record custodian(s), the record retention schedule, and associated retention period reflected in NPR 1441.1.]

	Record Title
	Record Custodian
	Retention

	
	
	*

	
	
	*


* NRRS – NASA Records Retention Schedule (NPR 1441.1)
P.9  METRICS 

Specimens that have gone through this aluminum treatment process are expected to fall in the Moderately to Highly wettable contact angle category. 

P.10  DEFINITIONS 

Highly wettable contact angle - angle < 7 degrees using Hydrazine Contact Angle Test
Moderately wettable contact angle - 7 < angle < 15 degrees using Hydrazine Contact Angle Test
Low wettable contact angle - angle > 15 degrees using Hydrazine Contact Angle Test
P.11    ACRONYMS

	Al
	Aluminum

	ASTM
	American Society of Testing and Materials

	C
	Celsius

	Deg
	Degree

	Dia
	Diameter

	Gal
	Gallon

	GN2
	Nitrogen

	in.
	inch

	IPA
	Isopropyl Alcohol

	KVA
	Kilovolt Amperes

	L
	Liter

	mL
	Milliliter

	mm
	Millimeter

	MSDS
	Material Safety Data Sheet

	NIST
	National Institute of Standards and Technology

	Pkg
	Package

	Qt
	Quart

	V
	Volt

	W
	Watt


Instructions:
	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times.

	1P
	Verify personnel have read applicable MSDS   _______   _______   _______

	Note: The glassware and tongs prepared from hereon will be used as test apparatus for the experiment. Care must be taken to maintain the cleanliness of these objects. Glassware to be reused for multiple steps must be recleaned between steps as describe below. 

	10P
	Prepare a 1% Alconox solution in a clean beaker/bottle by adding 5mL of liquid Alconox to 500mL of room temperature distilled water. 

	11P
	Stir until thoroughly mixed.

	20P
	Wash an unused 1000mL beaker with the solution prepared in Step 10P.

	30P
	Rinse the beaker thoroughly with distilled water.

	40P
	Inspect visibly to ensure that the beaker is clean.

	50P
	If the beaker is not clean, return to step 10P.

	60P
	Repeat Steps 10P-50P a total of four times to clean 4 1000mL beakers.

	70P
	In order to saturate the wipes in each solution, add 500mL of 99% IPA solution in one of the beakers cleaned in step 60P.

	80P
	Add 500mL of 70% IPA solution in one of the clean beakers from step 60P.

	90P
	Add 500mL of Naphtha solution in one of the clean beakers from step 60P.

	100P
	Dip 10 cleanroom wipes in each of the three solutions and let them saturate.

	110P
	Wipe a beaker with a saturated naphtha cleanroom wipe.

	120P
	Wipe it dry with a clean wipe.

	130P
	Wipe the beaker with a saturated 99% IPA wipe.

	140P
	Wipe it dry with a clean wipe.

	150P
	Wipe the beaker with a saturated 70% IPA wipe.

	160P
	Wipe it dry with a clean wipe.

	170P
	Wash the beaker with a 1% Alconox solution.

	180P
	Rinse the beaker thoroughly with distilled water using a clean wipe as a rag.

	190P
	Repeat Step 180P by submerging and agitating the beaker in distilled water.

	200P
	Repeat Step 180P by submerging and agitating the beaker in distilled water.

	210P
	Repeat Step 180P by submerging and agitating the beaker in distilled water.

	220P
	Wipe the beaker dry with a virgin clean room wipe.

	230P
	Blow dry the beaker with GN2. Make sure that the GN2 gun is clean or has a filter that has been cleaned. 

	240P
	Inspect the beaker visibly to ensure it’s clean.

	250P
	If the beaker is not clean, go to Step 110P.

	260P
	Once the beaker is clean, bag and seal it with a bagger.

	270P
	Repeat Steps 110P-260P to clean and bag all remaining beakers.

	280P
	Repeat Steps 110P-260P to clean and bag all the watch glass or Petri dishes or Petri dishes.

	290P
	Repeat Steps 110P-260P to clean and bag all the tongs.


Prepare for the Treatment Process: Cleaning the Brushes

	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times.

	300P
	Add 400mL naphtha solution in a clean 1000mL beaker.

	301P
	Clean out a small stainless steel surface by following steps 110P-260P.

	310P
	Place the stainless steel surface in the bottom of the beaker.

	320P
	Place the brushes in the solution of naphtha.

	330P
	Upon immersion, use the brushes with moderate force to brush against the stainless steel surface. 

	340P
	Brush against the surface for 5 minutes to facilitate contact of all brush bristles with the cleaning material.

	350P
	Perform the next brush 8 hours into the soak. The brushing shall be performed as mentioned in Steps 330P and 340P.

	360P
	Perform the next brush approximately 16 hours into the soak. The brushing shall be performed as mentioned in Steps 330P and 340P.

	370P
	The last brushing will take place 24 hrs into the soak. The brushing shall be performed as mentioned in Steps 330P and 340P. 

	380P
	Add 400mL of 99% IPA solution in a clean 1000mL beaker.

	381P
	Clean out a small stainless steel surface by following steps 110P-260P. A small glass rod can be used instead as well.

	390P
	Place the clean stainless steel surface in the bottom of the beaker.

	380P
	After the last brushing takes place, remove the brushes from the beaker containing naphtha.

	390P
	Place the brushes in the beaker containing 99% IPA.

	400P
	Repeat Steps 330P-370P.

	410P
	Prepare a 1% Alconox solution in a clean beaker/bottle by adding 5mL of liquid Alconox to 500mL of room temperature distilled water.

	411P
	Stir until thoroughly mixed.

	412P
	Clean out a small stainless steel surface by following steps 110P-260P. A small glass rod can be used instead as well.

	420P
	Place the clean stainless steel surface in the bottom of the beaker.

	430P
	After the last brushing takes place, remove the brushes from the beaker containing 99% IPA.

	440P
	Place the brushes in the beaker containing 1% Alconox/Distilled water solution.

	450P
	Repeat Steps 330P-370P.

	460P
	Put some distilled water in a clean 1000mL beaker.

	470P
	Place a clean glass rod or stainless steel surface in the bottom of the beaker.

	480P
	After the last brushing takes place, remove the brushes from the beaker containing 1% Alconox/Distilled water solution.

	490P
	Place the brushes in the beaker containing distilled water.

	500P
	Repeat Steps 330P-370P.

	510P
	Once the brushes are clean, blow dry them with GN2.

	520P
	Bag and seal the clean, dry brushes with a bagger.

	530P
	Re-clean beakers per “Preparing for the Treatment Process: Cleaning the Glassware & Tongs”


SECTION T: PROCESS APPLICATION TO SAMPLES

*****Cautions and Warnings*****

1. Gloves and protective eyewear must be worn at all times.
2. All glassware & tongs used for previous steps must be recleaned per “Preparing for the Treatment Process: Cleaning the Glassware & Tongs” prior to use in subsequent steps. 
3. Once the sample processing steps have begun, the samples should NEVER be exposed to ambient air for more than five seconds. A sample exposed to air longer than the prescribed limit must be reprocessed from the beginning. This should be noted in the as run procedure.
4. Time should be allowed to complete all processing steps from start to finish. If the complete process cannot be performed, the samples may be stored in distilled water or a purged GN2 bag. Interruptions in the process should be noted.
5. The steps in SECTION T shall be run for each sample processed. Each sample will have its own as run SECTION T. A sample that must be reprocessed will also have its own as run SECTION T.
6. Temperature plateaus shall be maintained to within + 10C.
The Treatment Process: Pre-Clean Aluminum Sample
	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times.

	1T
	Record Sample Identification

Sample 1: ____________          Sample 3: __________

Sample 2: ____________          Sample 4: __________

	10T
	Wipe the sample with a naphtha saturated wipe.

	20T
	Visibly inspect the sample to make sure it’s clean.

	30T
	If the specimen is not clean, repeat Step 10T.

	40T
	Wipe the specimen with a saturated 99% IPA wipe.

	50T
	Visibly inspect the sample to make sure it’s clean.

	60T
	If the specimen is not clean, repeat Step 40T.

	70T
	Wipe the specimen with a saturated 70% IPA wipe.

	80T
	Visibly inspect the sample to make sure it’s clean.

	90T
	If the specimen is not clean, repeat Step 70T.


The Treatment Process: Degrease
	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times.
All Glassware & Tongs used for previous steps must be re-cleaned per “Preparing for the Treatment Process: Cleaning the Glassware & Tongs” prior to use in this section.

	100T
	Fill a clean watch glass or Petri dish or Petri dish approximately 2/3rds full of room temperature naphtha.

	110T
	Slowly set the specimen in the watch glass or Petri dish or Petri dish containing naphtha. If needed, pour additional naphtha in the watch glass or Petri dish to ensure the specimen is fully immersed.

	120T
	Brush the surface with one of the cleaned brushes upon immersion. Brushing shall be performed in a way that light brush marks appear uniformly throughout the specimen.

	121T
	Stick the heating tape to the outside of a clean 1000 mL beaker. 

	122T
	Fill the beaker 2/3rd of the way with clean naphtha. 

	123T
	Slowly place the samples in the beaker. If needed, pour additional naphtha to ensure the samples are completely immersed.

	130T
	Place the beaker on the stirrer. The magnetic rod shall be placed in the middle of the beaker with the sample resting vertically on the edge of the beaker. The amount of the circulation will vary to ensure thorough cleaning of the sample through various flow patterns. 

	140T
	Ramp heat the circulating solvent at a rate of approximately 1.50C per minute to 440 ± 10C. The heating will be performed in such a way that the target temperature is reached in 10-20 minutes.

Approximate Variable Transformer Setting ____________

Start time ___________ Start temperature _________

End time ___________ End temperature __________

	150T
	Once the temperature is reached, circulate the solvent over the specimen for 1 hour. Maintain the ± 10C temperature plateau during this time.

Variable Transformer Setting ____________

Start time ___________ Start temperature __________

5 minute __________Temperature ___________

10 minute __________Temperature __________

15 minute __________Temperature __________

30 minute __________Temperature __________

45 minute __________Temperature __________

End time ___________ End temperature __________

	151T
	Fill a clean watch glass or Petri dish approximately 2/3rds full of room temperature naphtha.

	152T
	Slowly set the specimen in the watch glass or Petri dish containing naphtha. If needed, pour additional naphtha in the watch glass or Petri dish to ensure the specimen is fully immersed. 

Note: Care must be taken to ensure that the specimen stays wet throughout.

	160T
	Brush the sample while it’s’ immersed. Brushing shall be performed in a way that light brush marks appear uniformly throughout the specimen.


The Treatment Process: Detergent Brush
	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times. 
All Glassware & Tongs used for previous steps must be recleaned per “Preparing for the Treatment Process: Cleaning the Glassware & Tongs” prior to use in this section.

	180T
	Prepare an Alconox solution in the beaker by adding 5mL of Alconox to 500mL of distilled water.

	181T
	Place the sample in a clean watch glass or Petri dish.

	190T
	Pour enough 1% Alconox solution in the watch glass or Petri dish so as to completely immerse the sample.

	200T
	Moderately brush all sides to remove the naphtha film.


The Treatment Process: Alkaline Clean
	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times.
All Glassware & Tongs used for previous steps must be re-cleaned per “Preparing for the Treatment Process: Cleaning the Glassware & Tongs” prior to use in this section.

	210T
	Prepare an Alconox solution in a clean beaker by adding 5mL of Alconox to 500mL of distilled water in a clean beaker at room temperature.

	220T
	Transfer the sample from the watch glass or Petri dish into this beaker. 

	230T
	Place the beaker on the stirrer. 

	240T
	Ramp heat the circulating solvent at a rate of approximately 1.50C per minute to 550 ± 10C. The heating will be performed in such a way that the target temperature is reached in 10-20 minutes.

Approximate Variable Transformer Setting ____________

Start time ___________ Start temperature _________

End time ___________ End temperature __________

	250T
	Once the temperature is reached, circulate the solvent over the specimen for 2 hours and 15 minutes. Maintain the ± 10C temperature plateau during this time. Circulation shall be performed to ensure the part encounters various flow patterns during the duration of cleaning.

Variable Transformer Setting ____________

Start time ___________ Start temperature __________

5 minute __________Temperature ___________

10 minute __________Temperature __________

15 minute __________Temperature __________

30 minute __________Temperature __________

45 minute __________Temperature __________

1 hour  __________Temperature ___________

1 hour 15 minute __________Temperature __________

1 hour 30 minute __________Temperature __________

1 hour 45 minute __________Temperature __________

2 hours __________Temperature ___________

End time ___________ End temperature __________

	251T
	Fill a clean watch glass or Petri dish approximately 2/3rds full of room temperature Alconox solution.

	252T
	Slowly set the specimen in the watch glass or Petri dish containing alconox. If needed, pour additional alconox in the watch glass or Petri dish to ensure the specimen is fully immersed. 

Note: Care must be taken to ensure that the specimen stays wet throughout.

	260T
	Moderately brush the surfaces while the part is still immersed. 


The Treatment Process: Alkaline Flush
	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times.
All Glassware & Tongs used for previous steps must be recleaned per “Preparing for the Treatment Process: Cleaning the Glassware & Tongs” prior to use in this section.

	270T
	Immerse the specimen in a basin filled with distilled water.

	280T
	Flush the part for a minimum of 30 seconds.

	290T
	Lightly brush the part during the flush.

	300T
	As soon as the flush is complete, immediately transfer the part to the water rinse tank.


The Treatment Process: Water Rinse (I)
	STEP NO.
	OPERATION DESCRIPTION

	*****CAUTION*****

Gloves and protective eyewear must be worn at all times.
All Glassware & Tongs used for previous steps must be recleaned per “Preparing for the Treatment Process: Cleaning the Glassware & Tongs” prior to use in this section.

	310T
	Immerse the specimen in a clean 1000mL beaker filled with distilled water.

	320T
	Place the beaker on the stirrer.

	330T
	Attach the heating tape to the outside of the beaker.

	340T
	Ramp heat the circulating solvent at a rate of approximately 1.50C per minute to 550 ± 10C. The heating will be performed in such a way that the target temperature is reached in 10-20 minutes.

Approximate Variable Transformer Setting ____________

Start time ___________ Start temperature _________

End time ___________ End temperature __________

	350T
	Once the temperature is reached, circulate the solvent over the specimen for 20 minutes. Maintain the ± 10C temperature plateau during this time. Circulation shall be performed to ensure the part encounters various flow patterns during the duration of cleaning.

Variable Transformer Setting ____________

Start time ___________ Start temperature __________

5 minute __________Temperature ___________

10 minute __________Temperature __________

20 minute __________Temperature __________


The Treatment Process: Water Flush
	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times.
All Glassware & Tongs used for previous steps must be recleaned per “Preparing for the Treatment Process: Cleaning the Glassware & Tongs” prior to use in this section.

	370T
	Immerse the specimen in a basin filled with distilled water.

	380T
	Flush the part for a minimum of 30 seconds.

	390T
	Lightly brush the part during the flush.

	400T
	As soon as the flush is complete, immediately transfer the part to a clean beaker.


The Treatment Process: Water Rinse (II)
	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times.
All Glassware & Tongs used for previous steps must be recleaned per “Preparing for the Treatment Process: Cleaning the Glassware & Tongs” prior to use in this section.

	410T
	Immerse the specimen in a clean 1000mL beaker filled with distilled water.

	420T
	Place the beaker on the stirrer.

	430T
	Attach the heating tape to the outside of the beaker.

	440T
	Ramp heat the circulating solvent at a rate of approximately 1.50C per minute to 550 ± 10C. The heating will be performed in such a way that the target temperature is reached in 10-20 minutes.

Approximate Variable Transformer Setting ____________

Start time ___________ Start temperature _________

End time ___________ End temperature __________

	450T
	Once the temperature is reached, circulate the solvent over the specimen for 20 minutes. Maintain the ± 10C temperature plateau during this time. Circulation shall be performed to ensure the part encounters various flow patterns during the duration of cleaning.

Variable Transformer Setting ____________

Start time ___________ Start temperature __________

5 minute __________Temperature ___________

10 minute __________Temperature __________

20 minute __________Temperature __________


The Treatment Process: Water Rinse (III)
	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times.

All Glassware & Tongs used for previous steps must be re-cleaned per “Preparing for the Treatment Process: Cleaning the Glassware & Tongs” prior to use in this section.

	501T
	Immerse the specimen in a clean 1000mL beaker filled with distilled water.

	502T
	Place the beaker on the stirrer.

	503T
	Attach the heating tape to the outside of the beaker.

	504T
	Ramp heat the circulating solvent at a rate of approximately 1.50C per minute to 550 ± 10C. The heating will be performed in such a way that the target temperature is reached in 10-20 minutes.

Approximate Variable Transformer Setting ____________

Start time ___________ Start temperature _________

End time ___________ End temperature __________

	505T
	Once the temperature is reached, circulate the solvent over the specimen for 20 minutes. Maintain the ± 10C temperature plateau during this time. Circulation shall be performed to ensure the part encounters various flow patterns during the duration of cleaning.

Variable Transformer Setting ____________

Start time ___________ Start temperature __________

5 minute __________Temperature ___________

10 minute __________Temperature __________

20 minute __________Temperature __________

	520T
	Inspect sample for cleanliness with sample submerged prior to drying steps.


The Treatment Process: Dry, Inspect & Store
	STEP NO.
	OPERATION DESCRIPTION

	*****WARNING*****

Gloves and protective eyewear must be worn at all times.
Exposure of processed sample to ambient air must be minimized.

	530T
	Verify that bagging materials are prepared and staged

	540T 
	Verify that bag sealer is functioning properly.

	550T
	Verify that GN2 gun is functioning properly and that the filter, if required, is installed.

	560T
	Verify that there is 50 psig or greater supply of GN2.

	570T
	Remove sample from water and dry the specimen with a GN2 blast.

	580T
	Quickly inspect the part to ensure the part is visibly clean with no observable films.

	590T
	If the part does not look clean, return to water bath. Determine if sample must be reprocessed beginning with Step 10T.

	591T
	Seal one side of the tubular clean room grade bag.

	592T
	Flatten the bag to ensure the air inside the bag is minimized.

	593T
	Flow the nitrogen in the bag for 30 seconds.

	600T
	Place the sample in the bag.

	601T
	Flatten the bag again in the area of the specimen to minimize outside air.

	610T
	Purge the bag with GN2.

	620T
	Move the GN2 gun to one edge of the bag as it is being placed under the sealer.

	630T
	Remove the gun at the last instant before the bag is about to be sealed.

	640T
	Double seal and mark the bag.

	650T
	Place the sealed bag with sample into another clean room bag.

	660T
	Purge the outer bag with GN2 and double seal.
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