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Presentation Notes
Abstract:
Title: Testing solvents to replace AK 225G as a baseline solvent 
A study was performed to compare AK 225G’s cleaning effectiveness to several solvent blends and commercially available solvents.  Solvents were chosen primarily on their compatibility with aerospace’s known contaminants by using Hansen solubility parameters.  Testing was performed in accordance with ASTM standard test method G121 and G122, as well as test reports from the 90’s that researched the replacement of CFC -113. Environmental regulation will force NASA White Sands Test Facilities’ current baseline precision cleaning solvent e.g., HCFC 225G (AK-225G) to be phased out starting 2015.  This study was a collaboration effort between NASA and a university who had familiarity with using Hansen solubility parameters to developed solvent blends around known contaminates. Typical criteria that is used to select solvents was disregarded to see if by focusing on the contaminants  and solvent compatibility  would lead to  a smaller list of solvents that would clean to the required levels, and then the typical  criteria would be applied to narrow down the list further.  NASA limited its requirements to the university to be: 1. )  Solvent used in a blend should not be an EPA (Environmental Protection Agency) class I or class II solvent.  2.) The exposure limit would need to be 100ppm or higher.  3.) Solvent should have no flashpoint, or the flash point should not require special handling. 4.) The contaminates that would need to be removed would be Duo Seal, Mobil Jet oil, Krytox 240 AC, Sebecate oil, Dow Corning 1-11, Magnaflux 8A, and Iron powder. This study resulted in identifying at least 3 commercially available solvents for follow up testing and a better understanding for the criteria that is typically applied to choosing drop in replacement solvents. 
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Presentation Notes
Focus: Not finding a replacement cleaner just a baseline/ referee solvent doesn’t need to be o2 compatible, Needs to be able to remove contaminant that might be left behind. 





rPCx ISTF’s Experience

" Replacing CFC-113 in
s the 90’s

e Collaboration
— DOD

« Considerations for Solvents

— NASA
« Contractors — Cleaning effectiveness
— Solvent Manufactures — 0, compatibility
e Solvents — Materials compatibility
— CFC — Aerospace fluids compatibility
— HCFC
— HFE

— TCE
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Major consideration for new solvents 
Considerations lead to testing performed
Tyoes of testing gage cleaning
Coupon cleaning flex hoses tested solvents for wipe use
Reports not detailed 
Equipment available has changed
Personal has changed 
Don’t want o reinvent the wheel


WSTF Cleaning Process

e Pre-cleaning
— Ultra sonic

* Visual inspection

* Final clean/ cleanliness
verification
— DI water
— HFE 7100
— IPA

 Process Validation

— AK 225G (baseline
solvent)
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WSTF involvment with CFC113

AK 225G not used to clean used to validate process 


rPCx ﬁg!em Statement

 WSTF Processes Is dependent on AK-225G
for process validation

o AK-225G limited availability in 2015




PCx ™ Objective

e To establish a standardized method for the
evaluation of suitable replacement baseline
solvent AK-225G.







ards for Testing
Solvents

ASTM G121. Standard Practice for Preparation of Contaminated Test
Coupons for the Evaluation of Cleaning Agents. ASTM International, West
Conshohocken, Pennsylvania, 1998.

« ASTM G122. Standard Test Method for Evaluating the Effectiveness for
Cleaning Agents. ASTM International, West Conshohocken, Pennsylvania,
1996 Revised 2008.

« ASTM G127. Standard Guide for the Selection of Cleaning Agents for Oxygen
Systems. ASTM International, West Conshohocken, Pennsylvania, 1995
revised 2008.




ASTM Considerations
'
y

+ Reeyclability—

*  Waste Disposal—

-

* dmnertness (Flammability and combustibitity).

St
. o Hechnical :

Baseline Solvent

Other Considerations

. 1o chemieals o hial

e Cleaning effectiveness

» —Evaporationrate—




So Many Choices!

ASTM Test Method Options
« Contamination of Coupons

— Slurry
» Contaminants: 1 vs. mixture
» Concentration: 1 to 100 mg/mL
— Application
* 1sidevs. 2 sides
* Pipette
* Brush
e Spray
* Dip
— Dry
» Hang vs. laying flat

» Cleaning of coupons

— Manufacture’s recommended use of solvent
— Sonication
— Elevated temperatures



Presenter
Presentation Notes
Standardization is needed our responsibility of testers to standardize process and users as users to understand how the solvents were tested


Clean the coupons (standard)
Weigh the coupons (Tare weight)

Contaminate coupons

a)  Analyze slurry filter/NVR

b) Ovendried

Weigh the coupon (Determine

Contaminant)

Clean the coupon (test solvent)
a)  Analyze rinse (filter / NVR)

b) Ovendried

Weigh the coupon (Residual
contaminant)

Verify cleanliness of coupon (AK-
225-G, Verification solvent)

a)  Analyze rinse (filter / NVR)

b) Ovendried

Experiment Outline

Matrix

Series 1

— 1 Contamination Slurry for
each solvent

— 3 solvents tested
— 7 coupons for each solvent

Series 2
— 1 contamination Slurry
— 6 solvents
— 1 coupon for each solvent
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Note that this step is not included in the ASTM standard.


Contaminants

Pump /hydrocarbon oil
Hydraulic oil

O, system lubricant

Gage fluid

Silicone grease

Dye penetrates- particles

Iron powder 60 Mesh- particles



Preparation of Contamination
Slurry

5 slurry mixtures prepared
1 gram (+-.19)

100 mL AK225-G

Ultra Sonic 10 min

Concentration 70 mg/mL




Y Contamination of Coupons

600 uL contamination
Slurry

Bake

— 1hr.

— 45°C (+/- 5°C)
— Nitrogen purge
Cool off 1 hr.
Weighed
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Approximatly 42 mg of contamination applied to each coupon


e Flush with 100 mL of solvent

— NVR analysis
— Particle count

e Cleaned with test solvent
e Verified clean with AK225G




Data Collection

—

Counting Particles
« Weighing coupons
* Weighing NVR
* Weighing filters
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Mass balance mention





PR | W

“Cleaned, Pre AK225G
Validated Coupons

Symbol
—Ra_| Surface Roughness (um) | 17
00001
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Obvious that some coupons don’t pass vC


Post Cleaned, Pre
Verification Filter Papers

Cleaned with CFC-113




Post From AK-225G
Verification Filter Papers

Cleaned with CFC-113
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This can lead to false passes if you have an in effective solvent


g Efficiency of
Solvents

Description Solvents
*A {AK225G}| *B {CFC} *xA
(average) |(average)|*D (average)| **F {HCFC} **C **q **H **|
Validation of experiment (g) 0.0007| -0.0002 0.0001] 0.0004] 0.0004] 0.0004/ 0.0004| 0.0004| 0.0004
MCA Mass of Contaminant Applied (g) 0.0423 0.0316 0.0359] 0.0450] 0.0318] 0.0335| 0.0334| 0.0526/ 0.0382
MCR Mass of Contaminant Removed (g) 0.0410 0.0312 0.0127| 0.0303| 0.0308| 0.0323| 0.0325 0.0296| 0.0355
CEF Cleaning Effectiveness Factor (%) 97.11%| 98.88% 35.68%| 67.33%| 96.86%| 96.42%| 97.31%| 56.27%| 92.93%
C Amount of Contamination (mg/cm”2) 0.9393 0.7015 0.7970] 1.0000] 0.7067| 0.7444| 0.7422 1.1689| 0.8489
RC Residual Contamination (mg/cm”2) 0.0270 0.0078 0.5152| 0.3267| 0.0222] 0.0267| 0.0200] 0.5111| 0.0600
VNVR Verification Nonvolatile Residue Weight 0.0002| 0.0005 0.0150
Comparison of Removed Contamination Analyzed Key:
Symbol Description Solvents Baseline Solvents
*AK-225G | *CFC-113
(average) |(average)|*D (average) * Series 1
SFW Sample Filter contamination Weight (g) 0.0189| 0.0054 0.7970 ** Series 2
VFW Verification Filter Contamination Weight (g) 0.0005| 0.0000 0.5152




Discussion

Iciency of
Solvents Continued

e CFC-113:97% CEF ™

Limited data on
solvents, F,C,G,H,I

Symbol Description Solvents
*A {AK225G}| *B {CFC} *Ep
- - ( ze) | ge)|*D ( ge)| **F | perqy | *rc | **6 - -
o 3 pote ntl al base I I n e Validation of experiment (g) 0.0007| -0.0002 0.0001] 0.0004] 0.0004] 0.0004 0.0004] 0.0004| 0.0004
. . MCA Mass of Contaminant Applied (g) 0.0423|  0.0316 0.0359| 0.0450| 0.0318] 0.0335 0.0334] 0.0526| 0.0382
SO I Ve ntS I d e nt I fl Ed MCR Mass of Contaminant Removed (g) 0.0410 0.0312] 0.0127| 00303 0.0308 0.0323 0.0325 0.0296| 0.0355
CEF Cleaning Effectiveness Factor (%) 97.11%| 98.88% 35.68%| 67.33%| 96.86%| 96.42%| 97.31%| 56.27%| 92.93%
. c Amount of Contamination (mg/cm*2) 0.9393| 0.7015) 0.7970| 1.0000| 0.7067| 0.7444 0.7422] 1.1689| 0.8489
Y Com par I Son to past RC Residual Contamination {mg/cm~2) 0.0270| 0.0078 0.5152| 03267| 0.0222] 0.0267 0.02000 0.5111| 0.0600
IVNVR Verification Nonvolatile Residue Weight 0.0002| 0.0005| 0.0150
te St LI ” Comparison of Removed Contamination Analyzed Key:
- WSTF- I R-0134 Symbol Description Solvents Baseline Solvents
*AK-225G |*CFC-113
[ ] A K_ 2 2 5 " 9 9 % C E F (average) |(average)| *D (average) * Series 1
" SFW Sample Filter contamination Weight (g) 0.0189  0.0054 0.7970 ** Series 2
Verification Filter Contamination Weight (g) 0.0005( 0.0000 0.5152
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Not sure which version of AK225 this is referring to but we tested with AK225G which is made up of AK225ca and AK225cb ???


Conclusion




Conclusmn

The use of AK-225G in the validation step
proves additional assurance that candidate
solvents qualify as baseline solvents.

Test results that provide percent cleaning
efficiencies provide guidance into selecting
baseline solvents.

Future studies should consider adequate

sample size to better define cleanlinegd= =%
efficiency.
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Presentation Notes
We are always talking about the best solvent and standards used for testing solvents but really it is not as plug and play as we are lead to believe. 
Where we can and can’t think outside of the box. Hansen solubility has a place to be used but further requirements would have to be placed to further filter out the solvent selection

It might seem like history is repeating itself, and in a way it is.  It might  be tempting to ride it off as trivial since a replacement solvent was found in the past and think that you can just replicate the past testing.  However this is far from the truth.  Because there are now new requirements that come from regulatory as well as cleaning needs, so it is important to identify what requirements are needed and which are nice to have.








Solvent:

C-HFE-

Measured NVR
(mg) in 100 ml

Comments

Sample from

(average) oS Pressure Vessel
C-HFE 0.3 Sample from new
bottle
D-HFE 0.4
E-Solvent Sample from
Blend 1067003 Pressure Vessel
E-Solvent Sample from new
2.8 i
Blend mixture
Sample from
F-HFE 0.1 bottle
G-HFE 0.2 Sample from bottle
H-HFE 0.1 Sample from bottle
I-HFE 0.3 Sample from bottle
J-Terpene 3.1 Sample from bottle.
K-HFE 0.1 Sample from bottle

“in Solvent
Blanks

NVR criteria for solvents needs
to be identified early on

Evaporation rates role in
analysis process

Equipment compatibility with
solvent
o Beaker vs. pressure vessel
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Example might have attacked soft goods and it did react with filter papers. 
Maybe eliminate this table just say issues with some of the solvents had since they had high NVR that neglated their consideration as a baseline solvents 


Measure contaminates

 ldentifying baseline,
cleaning & verification
solvent requirements.

o Testing location
— Clean room
— Vent hood

e Cross Contamination

o Experiment vs. Cleanroom
practices.
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Presentation Notes
not able to do testing in clean room due to contamination of clean room   Also need to use a vent hood due to some of the solvents unknown toxicity, you don’t want it blowing at you 
Wanted to look outside of the box




	Slide Number 1
	Outline
	Introduction & Background
	WSTF’s Experience 
	Slide Number 5
	Problem Statement 
	Objective 
	Experimental Method 
	Standards for Testing Solvents  
	Attributes for a Cleaning Solvent �
	So Many Choices! 
	Experiment Outline
	Contaminants 
	Slide Number 14
	Slide Number 15
	Cleaning & Verification
	Data Collection 
	Results & Discussion
	Post Cleaned, Pre AK225G Validated Coupons
	Slide Number 20
	Slide Number 21
	Cleaning Efficiency of Solvents 
	Discussion
	Conclusion
	Conclusion 
	Questions ?
	Back up slides
	NVR Measured in Solvent Blanks
	Lessons Learned/ Challenges 

