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Abstract

This presentation covers an internal study focused on determining
the affects, if any, of the solvent extract matrix selection on the
cleanliness results of a given sample.

If differences are present...

* Do these differences show any trends between the different
matrices that may help in explaining why one matrix should
be used instead of another?

e Should the products’ end use have any determining factor in
which matrix is selected?
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Background

lon Chromatography (IC) is the predominant instrument used in the
determination of overall cleanliness of printed circuit boards (PCB)
and assemblies (PCA) in the medical device industry.

Cleanliness testing should be one of many steps in your guality
assurance process and its importance is critical as a first step in
predicting overall product reliability.
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Background

In the past, cleanliness testing was performed through bulk
conductivity readings of a “solvent extract”.

 |PC-TM-650, method 2.3.25 — “ROSE” Testing

Currently, the cleanliness test methods called out in most industry
specifications use IC...
e |PC-TM-650, method 2.3.28A
* Delphi Delco Automotive Systems
— methods Q-1000-119 and Q-1000-127
e MIL-STD-883, method 5011.4

e
CWNTS
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Background

The various cleanliness methodologies are designed to cover
all aspects of the “industry”.

e PCB’s, PCA's, components, etc.

 Housing materials, adhesives, underfills, etc.

Within the various IC-based cleanliness test methods, the one
striking variation in each is the solvent extract matrix selected
for use...

* Deionized (DI) water
* Isopropyl alcohol (IPA) / DI water solutions
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Background

From these choices...
Do the various extract matrices yield different results?

* Do the differences show any trends between the various extract
matrices?

— A specific ion, overall ionic conductivity, etc.

Why is a solution of 75% IPA / 25% DI the “Standard” extraction matrix?
* |t was chosen by the US military back in the 1960’s
e Later adopted by IPC for use in its methodologies
 Was able to “dissolve” flux residues at the time
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Methodology

For the study, three (3) lots of
PCB'’s from three (3) different PCB
manufacturers were used.

e Lotl=76.6in?
— solder mask coated
e Lot2=94.0in?
— solder mask coated
e Lot3=52.2in?
— non-solder mask coated

e
CWNTS
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Methodology

Five (5) PCB specimens were tested from each lot via IC after sample
extraction using:

* DIl water
e 10% isopropyl alcohol in DI water (10% IPA)
e 75% isopropyl alcohol in DI water (75% IPA)

Each specimen was placed into an individual extraction bag along
with an appropriate amount of extract solution.

 Approximately 1.0 — 1.3 mL solution per square inch of sample
area (mL/in?)

e
CWNTS
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Methodology

All bags were heat sealed and placed into a water bath at 80°C for
1 hour.

e Per IPC-TM-650, method 2.3.28A

A fourth set of samples, a set of “rinse” solutions, were prepared
using the 75% IPA matrix in a different preparation technique.

e The “ROSE’” test — IPC-TM-650, method 2.3.25

All “extract” and “rinse” solutions were analyzed via IC and
traditional bulk conductivity methods.
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Methodology

For the IC analysis...

* Dionex DX-500 lon Chromatograph
— AS11 column for anion analysis
« NaOH eluents

— CS12A column for cation
analysis

= MSA eluents

— A five-level calibration for
both anions and cations

— Self-regenerating suppression




Methodology

From the IC analysis, ionic data was obtained for the following:

e Seven (7) anions
— Fluoride (F), chloride (CI), nitrite (NO,), bromide (Br),
nitrate(NO;), sulfate (SO,), and phosphate (PO,)
* Five (5) weak organic acid (WOA) anions
— Acetate, formate, MSA, adipate, and succinate
e Six (6) cations

— Lithium (Li), sodium (Na), ammonium (NH,),
magnesium (Mg), and calcium (Ca)
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Methodology

For the Bulk Conductivity analysis...
* Omega CDB-410 Conductivity Meter

— Conductivity cell with cell constant of 0.98 cm-!
-/
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Results

Graphical representation of IC results...
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Chart12

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0587467363

0.0838120104

0.1378590078

1.9892950392

2.7657963446

3.3548302872

0.1971279373

0.1916449086

0.2114882507
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1.1052219321
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2.3796344648

1.9919060052

0.2326370757

0.4187989556

0.4010443864

1.2279373368

1.8501305483

0.6023498695

3.801305483

4.3882506527

3.0689295039



Lot 1 Chart 1
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Lot 1 Chart 2

		DI		15.13

		10%		17.32

		75%		17.55
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Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274



Lot 1 Data

		CSL Bd

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.08		0.14		0.01		0.00				---		43%		135%		-78%		-100%

				Chloride				1.99		2.77		3.35		0.09		0.41				---		39%		69%		-96%		-80%

				Nitrite				0.20		0.19		0.21		0.00		0.00				---		-3%		7%		-100%		-100%

				Bromide				2.28		2.98		3.26		0.00		0.00				---		30%		43%		-100%		-100%

				Nitrate				0.03		0.15		0.42		0.00		0.00				---		421%		1420%		-100%		-100%

				Sulfate				2.06		0.98		0.00		0.00		0.00				---		-52%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				3.50		5.29		2.35		0.03		0.00				---		51%		-33%		-99%		-100%

				Formate				2.18		2.95		3.48		0.03		0.00				---		35%		60%		-98%		-100%

				MSA				0.54		1.09		1.64		0.00		0.00				---		101%		202%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				1.04		1.11		0.35		0.00		0.00				---		7%		-66%		-100%		-100%

				Lithium				0.01		0.02		0.00		0.00		0.02				---		142%		-25%		-100%		150%

				Sodium				0.78		1.16		1.11		0.18		0.93				---		48%		42%		-78%		19%

				Ammonium				2.10		2.38		1.99		0.02		0.07				---		13%		-5%		-99%		-97%

				Potassium				0.23		0.42		0.40		0.03		0.43				---		80%		72%		-89%		85%

				Magnesium				1.23		1.85		0.60		0.02		0.21				---		51%		-51%		-98%		-83%

				Calcium				3.80		4.39		3.07		0.19		2.59				---		15%		-19%		-95%		-32%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				22.02		27.80		22.38

				Ratio				15.13		17.32		17.55

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00
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Lot 2 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium
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		Magnesium		Magnesium		Magnesium
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Lot 2 Chart 2

		DI		10.67

		10%		10.86

		75%		13.84
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Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



Lot 2 Data

		Phoenix

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.11		0.13		0.01		0.00				---		96%		122%		-78%		-100%

				Chloride				0.23		0.34		0.61		0.09		0.41				---		50%		166%		-62%		79%

				Nitrite				0.00		0.00		0.00		0.00		0.00				---

				Bromide				1.95		2.08		2.44		0.00		0.00				---		7%		25%		-100%		-100%

				Nitrate				0.00		0.00		0.00		0.00		0.00				---

				Sulfate				2.11		1.08		0.01		0.00		0.00				---		-49%		-99%		-100%		-100%

				Phosphate				0.00		0.05		0.06		0.00		0.00				---		---		---		---		---

				Acetate				1.42		1.56		0.68		0.03		0.00				---		10%		-52%		-98%		-100%

				Formate				1.17		1.46		1.72		0.03		0.00				---		25%		46%		-97%		-100%

				MSA				0.69		0.81		0.89		0.00		0.00				---		18%		30%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.60		0.79		0.87		0.18		0.93				---		33%		47%		-71%		56%

				Ammonium				1.60		1.68		1.51		0.02		0.07				---		5%		-6%		-99%		-96%

				Potassium				0.17		0.20		0.25		0.03		0.43				---		14%		44%		-85%		150%

				Magnesium				0.33		0.61		0.52		0.02		0.21				---		86%		60%		-94%		-35%

				Calcium				1.93		2.59		2.24		0.19		2.59				---		34%		16%		-90%		34%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				12.25		13.37		11.93

				Ratio				10.67		10.86		13.84

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00
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Lot 3 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.1482758621

0.2003831418

0.1189655172

1.961302682

5.451532567

14.2637931034

0.012835249

0.05

0.2614942529

0.0536398467

0.1270114943

0.7551724138

0.09348659

0.0787356322

0.1637931034

0.0959770115

0.1942528736

0

0

0

0

0.9630268199

2.1396551724

3.1540229885

1.4149425287

2.7318007663

5.2097701149

0

0

0

0

0

0

0

0

0

0

0.0009578544

0

0.1885057471

0.6641762452

1.9603448276

1.6151340996

1.9067049808

2.382183908

0.5670498084

1.458045977

4.0281609195

0.1021072797

0.0913793103

0.0706896552

1.0388888889

0.6381226054

0.3655172414



Lot 3 Chart 2

		DI		3.38

		10%		6.82

		75%		32.3
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Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

8.2551724138

15.7327586207

32.733908046



Lot 3 Data

		RC

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.15		0.20		0.12		0.01		0.00				---		35%		-20%		-91%		-100%

				Chloride				1.96		5.45		14.26		0.09		0.41				---		178%		627%		-96%		-79%

				Nitrite				0.01		0.05		0.26		0.00		0.00				---		290%		1937%		-100%		-100%

				Bromide				0.05		0.13		0.76		0.00		0.00				---		137%		1308%		-100%		-100%

				Nitrate				0.09		0.08		0.16		0.00		0.00				---		-16%		75%		-100%		-100%

				Sulfate				0.10		0.19		0.00		0.00		0.00				---		102%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				0.96		2.14		3.15		0.03		0.00				---		122%		228%		-97%		-100%

				Formate				1.41		2.73		5.21		0.03		0.00				---		93%		268%		-98%		-100%

				MSA				0.00		0.00		0.00		0.00		0.00				---

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.19		0.66		1.96		0.18		0.93				---		252%		940%		-7%		394%

				Ammonium				1.62		1.91		2.38		0.02		0.07				---		18%		47%		-99%		-96%

				Potassium				0.57		1.46		4.03		0.03		0.43				---		157%		610%		-96%		-24%

				Magnesium				0.10		0.09		0.07		0.02		0.21				---		-11%		-31%		-82%		107%

				Calcium				1.04		0.64		0.37		0.19		2.59				---		-39%		-65%		-81%		150%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				8.26		15.73		32.73

				Ratio				3.38		6.82		32.30

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00
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15.7327586207


32.733908046





Lot 1 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.0587467363


0.0838120104


0.1378590078


1.9892950392


2.7657963446


3.3548302872


0.1971279373


0.1916449086


0.2114882507


2.2806788512


2.9751958225


3.2569190601


0.0279373368


0.145691906


0.4245430809


2.0569190601


0.980156658


0


0


0


0


3.4976501305


5.2924281984


2.3498694517


2.1817232376


2.953002611


3.4832898172


0.5438642298


1.0932114883


1.6409921671


0


0


0


1.0399477807


1.1088772846


0.3485639687


0.0062663185


0.0151436031


0.0046997389


0.780156658


1.1558746736


1.1052219321


2.1018276762


2.3796344648


1.9919060052


0.2326370757


0.4187989556


0.4010443864


1.2279373368


1.8501305483


0.6023498695


3.801305483


4.3882506527


3.0689295039





Lot 1 Chart 2


			DI			15.13


			10%			17.32


			75%			17.55





&A


Page &P


Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


22.0240208877


27.7976501305


22.3825065274





Lot 1 Data


			CSL Bd


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.06			0.08			0.14			0.01			0.00						---			43%			135%			-78%			-100%


						Chloride						1.99			2.77			3.35			0.09			0.41						---			39%			69%			-96%			-80%


						Nitrite						0.20			0.19			0.21			0.00			0.00						---			-3%			7%			-100%			-100%


						Bromide						2.28			2.98			3.26			0.00			0.00						---			30%			43%			-100%			-100%


						Nitrate						0.03			0.15			0.42			0.00			0.00						---			421%			1420%			-100%			-100%


						Sulfate						2.06			0.98			0.00			0.00			0.00						---			-52%			-100%			-100%			-100%


						Phosphate						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Acetate						3.50			5.29			2.35			0.03			0.00						---			51%			-33%			-99%			-100%


						Formate						2.18			2.95			3.48			0.03			0.00						---			35%			60%			-98%			-100%


						MSA						0.54			1.09			1.64			0.00			0.00						---			101%			202%			-100%			-100%


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						1.04			1.11			0.35			0.00			0.00						---			7%			-66%			-100%			-100%


						Lithium						0.01			0.02			0.00			0.00			0.02						---			142%			-25%			-100%			150%


						Sodium						0.78			1.16			1.11			0.18			0.93						---			48%			42%			-78%			19%


						Ammonium						2.10			2.38			1.99			0.02			0.07						---			13%			-5%			-99%			-97%


						Potassium						0.23			0.42			0.40			0.03			0.43						---			80%			72%			-89%			85%


						Magnesium						1.23			1.85			0.60			0.02			0.21						---			51%			-51%			-98%			-83%


						Calcium						3.80			4.39			3.07			0.19			2.59						---			15%			-19%			-95%			-32%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						22.02			27.80			22.38


						Ratio						15.13			17.32			17.55


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 2 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.0574468085


0.1127659574


0.1276595745


0.2276595745


0.3404255319


0.6063829787


0


0


0


1.9531914894


2.0829787234


2.4382978723


0


0


0


2.1127659574


1.0829787234


0.0127659574


0


0.0468085106


0.0638297872


1.4170212766


1.5574468085


0.6765957447


1.1744680851


1.4638297872


1.7170212766


0.6872340426


0.8106382979


0.8936170213


0


0


0


0


0


0


0


0


0


0.5957446809


0.7936170213


0.8744680851


1.6


1.6829787234


1.5063829787


0.1723404255


0.1957446809


0.2489361702


0.3276595745


0.6085106383


0.5234042553


1.9276595745


2.5872340426


2.2404255319





Lot 2 Chart 2


			DI			10.67


			10%			10.86


			75%			13.84





&A
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Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


12.2531914894


13.3659574468


11.929787234





Lot 2 Data


			Phoenix


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.06			0.11			0.13			0.01			0.00						---			96%			122%			-78%			-100%


						Chloride						0.23			0.34			0.61			0.09			0.41						---			50%			166%			-62%			79%


						Nitrite						0.00			0.00			0.00			0.00			0.00						---


						Bromide						1.95			2.08			2.44			0.00			0.00						---			7%			25%			-100%			-100%


						Nitrate						0.00			0.00			0.00			0.00			0.00						---


						Sulfate						2.11			1.08			0.01			0.00			0.00						---			-49%			-99%			-100%			-100%


						Phosphate						0.00			0.05			0.06			0.00			0.00						---			---			---			---			---


						Acetate						1.42			1.56			0.68			0.03			0.00						---			10%			-52%			-98%			-100%


						Formate						1.17			1.46			1.72			0.03			0.00						---			25%			46%			-97%			-100%


						MSA						0.69			0.81			0.89			0.00			0.00						---			18%			30%			-100%			-100%


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						0.00			0.00			0.00			0.00			0.00						---


						Lithium						0.00			0.00			0.00			0.00			0.02						---


						Sodium						0.60			0.79			0.87			0.18			0.93						---			33%			47%			-71%			56%


						Ammonium						1.60			1.68			1.51			0.02			0.07						---			5%			-6%			-99%			-96%


						Potassium						0.17			0.20			0.25			0.03			0.43						---			14%			44%			-85%			150%


						Magnesium						0.33			0.61			0.52			0.02			0.21						---			86%			60%			-94%			-35%


						Calcium						1.93			2.59			2.24			0.19			2.59						---			34%			16%			-90%			34%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						12.25			13.37			11.93


						Ratio						10.67			10.86			13.84


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 3 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.1482758621


0.2003831418


0.1189655172


1.961302682


5.451532567


14.2637931034


0.012835249


0.05


0.2614942529


0.0536398467


0.1270114943


0.7551724138


0.09348659


0.0787356322


0.1637931034


0.0959770115


0.1942528736


0


0


0


0


0.9630268199


2.1396551724


3.1540229885


1.4149425287


2.7318007663


5.2097701149


0


0


0


0


0


0


0


0


0


0


0.0009578544


0


0.1885057471


0.6641762452


1.9603448276


1.6151340996


1.9067049808


2.382183908


0.5670498084


1.458045977


4.0281609195


0.1021072797


0.0913793103


0.0706896552


1.0388888889


0.6381226054


0.3655172414





Lot 3 Chart 2


			DI			3.38


			10%			6.82


			75%			32.3
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Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


8.2551724138


15.7327586207


32.733908046





Lot 3 Data


			RC


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.15			0.20			0.12			0.01			0.00						---			35%			-20%			-91%			-100%


						Chloride						1.96			5.45			14.26			0.09			0.41						---			178%			627%			-96%			-79%


						Nitrite						0.01			0.05			0.26			0.00			0.00						---			290%			1937%			-100%			-100%


						Bromide						0.05			0.13			0.76			0.00			0.00						---			137%			1308%			-100%			-100%


						Nitrate						0.09			0.08			0.16			0.00			0.00						---			-16%			75%			-100%			-100%


						Sulfate						0.10			0.19			0.00			0.00			0.00						---			102%			-100%			-100%			-100%


						Phosphate						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Acetate						0.96			2.14			3.15			0.03			0.00						---			122%			228%			-97%			-100%


						Formate						1.41			2.73			5.21			0.03			0.00						---			93%			268%			-98%			-100%


						MSA						0.00			0.00			0.00			0.00			0.00						---


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						0.00			0.00			0.00			0.00			0.00						---


						Lithium						0.00			0.00			0.00			0.00			0.02						---


						Sodium						0.19			0.66			1.96			0.18			0.93						---			252%			940%			-7%			394%


						Ammonium						1.62			1.91			2.38			0.02			0.07						---			18%			47%			-99%			-96%


						Potassium						0.57			1.46			4.03			0.03			0.43						---			157%			610%			-96%			-24%


						Magnesium						0.10			0.09			0.07			0.02			0.21						---			-11%			-31%			-82%			107%


						Calcium						1.04			0.64			0.37			0.19			2.59						---			-39%			-65%			-81%			150%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						8.26			15.73			32.73


						Ratio						3.38			6.82			32.30


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 3 Data


			0			0


			0			0


			0			0





Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio








Chart14

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0574468085

0.1127659574

0.1276595745

0.2276595745

0.3404255319

0.6063829787

0

0

0

1.9531914894

2.0829787234

2.4382978723

0

0

0

2.1127659574

1.0829787234

0.0127659574

0

0.0468085106

0.0638297872

1.4170212766

1.5574468085

0.6765957447

1.1744680851

1.4638297872

1.7170212766

0.6872340426

0.8106382979

0.8936170213

0

0

0

0

0

0

0

0

0

0.5957446809

0.7936170213

0.8744680851

1.6

1.6829787234

1.5063829787

0.1723404255

0.1957446809

0.2489361702

0.3276595745

0.6085106383

0.5234042553

1.9276595745

2.5872340426

2.2404255319



Lot 1 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0587467363

0.0838120104

0.1378590078

1.9892950392

2.7657963446

3.3548302872

0.1971279373

0.1916449086

0.2114882507

2.2806788512

2.9751958225

3.2569190601

0.0279373368

0.145691906

0.4245430809

2.0569190601

0.980156658

0

0

0

0

3.4976501305

5.2924281984

2.3498694517

2.1817232376

2.953002611

3.4832898172

0.5438642298

1.0932114883

1.6409921671

0

0

0

1.0399477807

1.1088772846

0.3485639687

0.0062663185

0.0151436031

0.0046997389

0.780156658

1.1558746736

1.1052219321

2.1018276762

2.3796344648

1.9919060052

0.2326370757

0.4187989556

0.4010443864

1.2279373368

1.8501305483

0.6023498695

3.801305483

4.3882506527

3.0689295039



Lot 1 Chart 2

		DI		15.13

		10%		17.32

		75%		17.55



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274



Lot 1 Data

		CSL Bd

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.08		0.14		0.01		0.00				---		43%		135%		-78%		-100%

				Chloride				1.99		2.77		3.35		0.09		0.41				---		39%		69%		-96%		-80%

				Nitrite				0.20		0.19		0.21		0.00		0.00				---		-3%		7%		-100%		-100%

				Bromide				2.28		2.98		3.26		0.00		0.00				---		30%		43%		-100%		-100%

				Nitrate				0.03		0.15		0.42		0.00		0.00				---		421%		1420%		-100%		-100%

				Sulfate				2.06		0.98		0.00		0.00		0.00				---		-52%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				3.50		5.29		2.35		0.03		0.00				---		51%		-33%		-99%		-100%

				Formate				2.18		2.95		3.48		0.03		0.00				---		35%		60%		-98%		-100%

				MSA				0.54		1.09		1.64		0.00		0.00				---		101%		202%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				1.04		1.11		0.35		0.00		0.00				---		7%		-66%		-100%		-100%

				Lithium				0.01		0.02		0.00		0.00		0.02				---		142%		-25%		-100%		150%

				Sodium				0.78		1.16		1.11		0.18		0.93				---		48%		42%		-78%		19%

				Ammonium				2.10		2.38		1.99		0.02		0.07				---		13%		-5%		-99%		-97%

				Potassium				0.23		0.42		0.40		0.03		0.43				---		80%		72%		-89%		85%

				Magnesium				1.23		1.85		0.60		0.02		0.21				---		51%		-51%		-98%		-83%

				Calcium				3.80		4.39		3.07		0.19		2.59				---		15%		-19%		-95%		-32%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				22.02		27.80		22.38

				Ratio				15.13		17.32		17.55

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 1 Data

		



DI

10%

75%

Concentration (mg/sq in.)



Lot 2 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0574468085

0.1127659574

0.1276595745

0.2276595745

0.3404255319

0.6063829787

0

0

0

1.9531914894

2.0829787234

2.4382978723

0

0

0

2.1127659574

1.0829787234

0.0127659574

0

0.0468085106

0.0638297872

1.4170212766

1.5574468085

0.6765957447

1.1744680851

1.4638297872

1.7170212766

0.6872340426

0.8106382979

0.8936170213

0

0

0

0

0

0

0

0

0

0.5957446809

0.7936170213

0.8744680851

1.6

1.6829787234

1.5063829787

0.1723404255

0.1957446809

0.2489361702

0.3276595745

0.6085106383

0.5234042553

1.9276595745

2.5872340426

2.2404255319



Lot 2 Chart 2

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0574468085

0.1127659574

0.1276595745

0.2276595745

0.3404255319

0.6063829787

0

0

0

1.9531914894

2.0829787234

2.4382978723

0

0

0

2.1127659574

1.0829787234

0.0127659574

0

0.0468085106

0.0638297872

1.4170212766

1.5574468085

0.6765957447

1.1744680851

1.4638297872

1.7170212766

0.6872340426

0.8106382979

0.8936170213

0

0

0

0

0

0

0

0

0

0.5957446809

0.7936170213

0.8744680851

1.6

1.6829787234

1.5063829787

0.1723404255

0.1957446809

0.2489361702

0.3276595745

0.6085106383

0.5234042553

1.9276595745

2.5872340426

2.2404255319



Lot 2 Data

		DI		10.67

		10%		10.86

		75%		13.84



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



Lot 3 Chart 1

		Phoenix

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.11		0.13		0.01		0.00				---		96%		122%		-78%		-100%

				Chloride				0.23		0.34		0.61		0.09		0.41				---		50%		166%		-62%		79%

				Nitrite				0.00		0.00		0.00		0.00		0.00				---

				Bromide				1.95		2.08		2.44		0.00		0.00				---		7%		25%		-100%		-100%

				Nitrate				0.00		0.00		0.00		0.00		0.00				---

				Sulfate				2.11		1.08		0.01		0.00		0.00				---		-49%		-99%		-100%		-100%

				Phosphate				0.00		0.05		0.06		0.00		0.00				---		---		---		---		---

				Acetate				1.42		1.56		0.68		0.03		0.00				---		10%		-52%		-98%		-100%

				Formate				1.17		1.46		1.72		0.03		0.00				---		25%		46%		-97%		-100%

				MSA				0.69		0.81		0.89		0.00		0.00				---		18%		30%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.60		0.79		0.87		0.18		0.93				---		33%		47%		-71%		56%

				Ammonium				1.60		1.68		1.51		0.02		0.07				---		5%		-6%		-99%		-96%

				Potassium				0.17		0.20		0.25		0.03		0.43				---		14%		44%		-85%		150%

				Magnesium				0.33		0.61		0.52		0.02		0.21				---		86%		60%		-94%		-35%

				Calcium				1.93		2.59		2.24		0.19		2.59				---		34%		16%		-90%		34%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				12.25		13.37		11.93

				Ratio				10.67		10.86		13.84

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 3 Chart 1

		



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio



Lot 3 Chart 2

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.1482758621

0.2003831418

0.1189655172

1.961302682

5.451532567

14.2637931034

0.012835249

0.05

0.2614942529

0.0536398467

0.1270114943

0.7551724138

0.09348659

0.0787356322

0.1637931034

0.0959770115

0.1942528736

0

0

0

0

0.9630268199

2.1396551724

3.1540229885

1.4149425287

2.7318007663

5.2097701149

0

0

0

0

0

0

0

0

0

0

0.0009578544

0

0.1885057471

0.6641762452

1.9603448276

1.6151340996

1.9067049808

2.382183908

0.5670498084

1.458045977

4.0281609195

0.1021072797

0.0913793103

0.0706896552

1.0388888889

0.6381226054

0.3655172414



Lot 3 Data

		DI		3.38

		10%		6.82

		75%		32.3



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

8.2551724138

15.7327586207

32.733908046



		RC

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.15		0.20		0.12		0.01		0.00				---		35%		-20%		-91%		-100%

				Chloride				1.96		5.45		14.26		0.09		0.41				---		178%		627%		-96%		-79%

				Nitrite				0.01		0.05		0.26		0.00		0.00				---		290%		1937%		-100%		-100%

				Bromide				0.05		0.13		0.76		0.00		0.00				---		137%		1308%		-100%		-100%

				Nitrate				0.09		0.08		0.16		0.00		0.00				---		-16%		75%		-100%		-100%

				Sulfate				0.10		0.19		0.00		0.00		0.00				---		102%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				0.96		2.14		3.15		0.03		0.00				---		122%		228%		-97%		-100%

				Formate				1.41		2.73		5.21		0.03		0.00				---		93%		268%		-98%		-100%

				MSA				0.00		0.00		0.00		0.00		0.00				---

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.19		0.66		1.96		0.18		0.93				---		252%		940%		-7%		394%

				Ammonium				1.62		1.91		2.38		0.02		0.07				---		18%		47%		-99%		-96%

				Potassium				0.57		1.46		4.03		0.03		0.43				---		157%		610%		-96%		-24%

				Magnesium				0.10		0.09		0.07		0.02		0.21				---		-11%		-31%		-82%		107%

				Calcium				1.04		0.64		0.37		0.19		2.59				---		-39%		-65%		-81%		150%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				8.26		15.73		32.73

				Ratio				3.38		6.82		32.30

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





		DI		10.67

		10%		10.86

		75%		13.84



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



		DI		15.13

		10%		17.32

		75%		17.55



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274
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Chart2


			DI			3.38


			10%			6.82


			75%			32.3





Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


8.2551724138


15.7327586207


32.733908046





Lot 1 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.0587467363


0.0838120104


0.1378590078


1.9892950392


2.7657963446


3.3548302872


0.1971279373


0.1916449086


0.2114882507


2.2806788512


2.9751958225


3.2569190601


0.0279373368


0.145691906


0.4245430809


2.0569190601


0.980156658


0


0


0


0


3.4976501305


5.2924281984


2.3498694517


2.1817232376


2.953002611


3.4832898172


0.5438642298


1.0932114883


1.6409921671


0


0


0


1.0399477807


1.1088772846


0.3485639687


0.0062663185


0.0151436031


0.0046997389


0.780156658


1.1558746736


1.1052219321


2.1018276762


2.3796344648


1.9919060052


0.2326370757


0.4187989556


0.4010443864


1.2279373368


1.8501305483


0.6023498695


3.801305483


4.3882506527


3.0689295039





Lot 1 Chart 2


			DI			15.13


			10%			17.32


			75%			17.55





&A


Page &P


Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


22.0240208877


27.7976501305


22.3825065274





Lot 1 Data


			CSL Bd


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.06			0.08			0.14			0.01			0.00						---			43%			135%			-78%			-100%


						Chloride						1.99			2.77			3.35			0.09			0.41						---			39%			69%			-96%			-80%


						Nitrite						0.20			0.19			0.21			0.00			0.00						---			-3%			7%			-100%			-100%


						Bromide						2.28			2.98			3.26			0.00			0.00						---			30%			43%			-100%			-100%


						Nitrate						0.03			0.15			0.42			0.00			0.00						---			421%			1420%			-100%			-100%


						Sulfate						2.06			0.98			0.00			0.00			0.00						---			-52%			-100%			-100%			-100%


						Phosphate						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Acetate						3.50			5.29			2.35			0.03			0.00						---			51%			-33%			-99%			-100%


						Formate						2.18			2.95			3.48			0.03			0.00						---			35%			60%			-98%			-100%


						MSA						0.54			1.09			1.64			0.00			0.00						---			101%			202%			-100%			-100%


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						1.04			1.11			0.35			0.00			0.00						---			7%			-66%			-100%			-100%


						Lithium						0.01			0.02			0.00			0.00			0.02						---			142%			-25%			-100%			150%


						Sodium						0.78			1.16			1.11			0.18			0.93						---			48%			42%			-78%			19%


						Ammonium						2.10			2.38			1.99			0.02			0.07						---			13%			-5%			-99%			-97%


						Potassium						0.23			0.42			0.40			0.03			0.43						---			80%			72%			-89%			85%


						Magnesium						1.23			1.85			0.60			0.02			0.21						---			51%			-51%			-98%			-83%


						Calcium						3.80			4.39			3.07			0.19			2.59						---			15%			-19%			-95%			-32%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						22.02			27.80			22.38


						Ratio						15.13			17.32			17.55


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 2 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.0574468085


0.1127659574


0.1276595745


0.2276595745


0.3404255319


0.6063829787


0


0


0


1.9531914894


2.0829787234


2.4382978723


0


0


0


2.1127659574


1.0829787234


0.0127659574


0


0.0468085106


0.0638297872


1.4170212766


1.5574468085


0.6765957447


1.1744680851


1.4638297872


1.7170212766


0.6872340426


0.8106382979


0.8936170213


0


0


0


0


0


0


0


0


0


0.5957446809


0.7936170213


0.8744680851


1.6


1.6829787234


1.5063829787


0.1723404255


0.1957446809


0.2489361702


0.3276595745


0.6085106383


0.5234042553


1.9276595745


2.5872340426


2.2404255319





Lot 2 Chart 2


			DI			10.67


			10%			10.86


			75%			13.84





&A


Page &P


Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


12.2531914894


13.3659574468


11.929787234





Lot 2 Data


			Phoenix


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.06			0.11			0.13			0.01			0.00						---			96%			122%			-78%			-100%


						Chloride						0.23			0.34			0.61			0.09			0.41						---			50%			166%			-62%			79%


						Nitrite						0.00			0.00			0.00			0.00			0.00						---


						Bromide						1.95			2.08			2.44			0.00			0.00						---			7%			25%			-100%			-100%


						Nitrate						0.00			0.00			0.00			0.00			0.00						---


						Sulfate						2.11			1.08			0.01			0.00			0.00						---			-49%			-99%			-100%			-100%


						Phosphate						0.00			0.05			0.06			0.00			0.00						---			---			---			---			---


						Acetate						1.42			1.56			0.68			0.03			0.00						---			10%			-52%			-98%			-100%


						Formate						1.17			1.46			1.72			0.03			0.00						---			25%			46%			-97%			-100%


						MSA						0.69			0.81			0.89			0.00			0.00						---			18%			30%			-100%			-100%


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						0.00			0.00			0.00			0.00			0.00						---


						Lithium						0.00			0.00			0.00			0.00			0.02						---


						Sodium						0.60			0.79			0.87			0.18			0.93						---			33%			47%			-71%			56%


						Ammonium						1.60			1.68			1.51			0.02			0.07						---			5%			-6%			-99%			-96%


						Potassium						0.17			0.20			0.25			0.03			0.43						---			14%			44%			-85%			150%


						Magnesium						0.33			0.61			0.52			0.02			0.21						---			86%			60%			-94%			-35%


						Calcium						1.93			2.59			2.24			0.19			2.59						---			34%			16%			-90%			34%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						12.25			13.37			11.93


						Ratio						10.67			10.86			13.84


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 3 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.1482758621


0.2003831418


0.1189655172


1.961302682


5.451532567


14.2637931034


0.012835249


0.05


0.2614942529


0.0536398467


0.1270114943


0.7551724138


0.09348659


0.0787356322


0.1637931034


0.0959770115


0.1942528736


0


0


0


0


0.9630268199


2.1396551724


3.1540229885


1.4149425287


2.7318007663


5.2097701149


0


0


0


0


0


0


0


0


0


0


0.0009578544


0


0.1885057471


0.6641762452


1.9603448276


1.6151340996


1.9067049808


2.382183908


0.5670498084


1.458045977


4.0281609195


0.1021072797


0.0913793103


0.0706896552


1.0388888889


0.6381226054


0.3655172414





Lot 3 Chart 2


			DI			3.38


			10%			6.82


			75%			32.3





&A


Page &P


Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


8.2551724138


15.7327586207


32.733908046





Lot 3 Data


			RC


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.15			0.20			0.12			0.01			0.00						---			35%			-20%			-91%			-100%


						Chloride						1.96			5.45			14.26			0.09			0.41						---			178%			627%			-96%			-79%


						Nitrite						0.01			0.05			0.26			0.00			0.00						---			290%			1937%			-100%			-100%


						Bromide						0.05			0.13			0.76			0.00			0.00						---			137%			1308%			-100%			-100%


						Nitrate						0.09			0.08			0.16			0.00			0.00						---			-16%			75%			-100%			-100%


						Sulfate						0.10			0.19			0.00			0.00			0.00						---			102%			-100%			-100%			-100%


						Phosphate						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Acetate						0.96			2.14			3.15			0.03			0.00						---			122%			228%			-97%			-100%


						Formate						1.41			2.73			5.21			0.03			0.00						---			93%			268%			-98%			-100%


						MSA						0.00			0.00			0.00			0.00			0.00						---


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						0.00			0.00			0.00			0.00			0.00						---


						Lithium						0.00			0.00			0.00			0.00			0.02						---


						Sodium						0.19			0.66			1.96			0.18			0.93						---			252%			940%			-7%			394%


						Ammonium						1.62			1.91			2.38			0.02			0.07						---			18%			47%			-99%			-96%


						Potassium						0.57			1.46			4.03			0.03			0.43						---			157%			610%			-96%			-24%


						Magnesium						0.10			0.09			0.07			0.02			0.21						---			-11%			-31%			-82%			107%


						Calcium						1.04			0.64			0.37			0.19			2.59						---			-39%			-65%			-81%			150%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						8.26			15.73			32.73


						Ratio						3.38			6.82			32.30


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 3 Data


			0			0


			0			0


			0			0





Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio








Chart16

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.1482758621

0.2003831418

0.1189655172

1.961302682

5.451532567

14.2637931034

0.012835249

0.05

0.2614942529

0.0536398467

0.1270114943

0.7551724138

0.09348659

0.0787356322

0.1637931034

0.0959770115

0.1942528736

0

0

0

0

0.9630268199

2.1396551724

3.1540229885

1.4149425287

2.7318007663

5.2097701149

0

0

0

0

0

0

0

0

0

0

0.0009578544

0

0.1885057471

0.6641762452

1.9603448276

1.6151340996

1.9067049808

2.382183908

0.5670498084

1.458045977

4.0281609195

0.1021072797

0.0913793103

0.0706896552

1.0388888889

0.6381226054

0.3655172414



Lot 1 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0587467363

0.0838120104

0.1378590078

1.9892950392

2.7657963446

3.3548302872

0.1971279373

0.1916449086

0.2114882507

2.2806788512

2.9751958225

3.2569190601

0.0279373368

0.145691906

0.4245430809

2.0569190601

0.980156658

0

0

0

0

3.4976501305

5.2924281984

2.3498694517

2.1817232376

2.953002611

3.4832898172

0.5438642298

1.0932114883

1.6409921671

0

0

0

1.0399477807

1.1088772846

0.3485639687

0.0062663185

0.0151436031

0.0046997389

0.780156658

1.1558746736

1.1052219321

2.1018276762

2.3796344648

1.9919060052

0.2326370757

0.4187989556

0.4010443864

1.2279373368

1.8501305483

0.6023498695

3.801305483

4.3882506527

3.0689295039



Lot 1 Chart 2

		DI		15.13

		10%		17.32

		75%		17.55



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274



Lot 1 Data

		CSL Bd

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.08		0.14		0.01		0.00				---		43%		135%		-78%		-100%

				Chloride				1.99		2.77		3.35		0.09		0.41				---		39%		69%		-96%		-80%

				Nitrite				0.20		0.19		0.21		0.00		0.00				---		-3%		7%		-100%		-100%

				Bromide				2.28		2.98		3.26		0.00		0.00				---		30%		43%		-100%		-100%

				Nitrate				0.03		0.15		0.42		0.00		0.00				---		421%		1420%		-100%		-100%

				Sulfate				2.06		0.98		0.00		0.00		0.00				---		-52%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				3.50		5.29		2.35		0.03		0.00				---		51%		-33%		-99%		-100%

				Formate				2.18		2.95		3.48		0.03		0.00				---		35%		60%		-98%		-100%

				MSA				0.54		1.09		1.64		0.00		0.00				---		101%		202%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				1.04		1.11		0.35		0.00		0.00				---		7%		-66%		-100%		-100%

				Lithium				0.01		0.02		0.00		0.00		0.02				---		142%		-25%		-100%		150%

				Sodium				0.78		1.16		1.11		0.18		0.93				---		48%		42%		-78%		19%

				Ammonium				2.10		2.38		1.99		0.02		0.07				---		13%		-5%		-99%		-97%

				Potassium				0.23		0.42		0.40		0.03		0.43				---		80%		72%		-89%		85%

				Magnesium				1.23		1.85		0.60		0.02		0.21				---		51%		-51%		-98%		-83%

				Calcium				3.80		4.39		3.07		0.19		2.59				---		15%		-19%		-95%		-32%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				22.02		27.80		22.38

				Ratio				15.13		17.32		17.55

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 1 Data

		



DI

10%

75%

Concentration (mg/sq in.)



Lot 2 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0574468085

0.1127659574

0.1276595745

0.2276595745

0.3404255319

0.6063829787

0

0

0

1.9531914894

2.0829787234

2.4382978723

0

0

0

2.1127659574

1.0829787234

0.0127659574

0

0.0468085106

0.0638297872

1.4170212766

1.5574468085

0.6765957447

1.1744680851

1.4638297872

1.7170212766

0.6872340426

0.8106382979

0.8936170213

0

0

0

0

0

0

0

0

0

0.5957446809

0.7936170213

0.8744680851

1.6

1.6829787234

1.5063829787

0.1723404255

0.1957446809

0.2489361702

0.3276595745

0.6085106383

0.5234042553

1.9276595745

2.5872340426

2.2404255319



Lot 2 Chart 2

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.1482758621

0.2003831418

0.1189655172

1.961302682

5.451532567

14.2637931034

0.012835249

0.05

0.2614942529

0.0536398467

0.1270114943

0.7551724138

0.09348659

0.0787356322

0.1637931034

0.0959770115

0.1942528736

0

0

0

0

0.9630268199

2.1396551724

3.1540229885

1.4149425287

2.7318007663

5.2097701149

0

0

0

0

0

0

0

0

0

0

0.0009578544

0

0.1885057471

0.6641762452

1.9603448276

1.6151340996

1.9067049808

2.382183908

0.5670498084

1.458045977

4.0281609195

0.1021072797

0.0913793103

0.0706896552

1.0388888889

0.6381226054

0.3655172414



Lot 2 Data

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0574468085

0.1127659574

0.1276595745

0.2276595745

0.3404255319

0.6063829787

0

0

0

1.9531914894

2.0829787234

2.4382978723

0

0

0

2.1127659574

1.0829787234

0.0127659574

0

0.0468085106

0.0638297872

1.4170212766

1.5574468085

0.6765957447

1.1744680851

1.4638297872

1.7170212766

0.6872340426

0.8106382979

0.8936170213

0

0

0

0

0

0

0

0

0

0.5957446809

0.7936170213

0.8744680851

1.6

1.6829787234

1.5063829787

0.1723404255

0.1957446809

0.2489361702

0.3276595745

0.6085106383

0.5234042553

1.9276595745

2.5872340426

2.2404255319



Lot 3 Chart 1

		DI		10.67

		10%		10.86

		75%		13.84



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



Lot 3 Chart 2

		Phoenix

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.11		0.13		0.01		0.00				---		96%		122%		-78%		-100%

				Chloride				0.23		0.34		0.61		0.09		0.41				---		50%		166%		-62%		79%

				Nitrite				0.00		0.00		0.00		0.00		0.00				---

				Bromide				1.95		2.08		2.44		0.00		0.00				---		7%		25%		-100%		-100%

				Nitrate				0.00		0.00		0.00		0.00		0.00				---

				Sulfate				2.11		1.08		0.01		0.00		0.00				---		-49%		-99%		-100%		-100%

				Phosphate				0.00		0.05		0.06		0.00		0.00				---		---		---		---		---

				Acetate				1.42		1.56		0.68		0.03		0.00				---		10%		-52%		-98%		-100%

				Formate				1.17		1.46		1.72		0.03		0.00				---		25%		46%		-97%		-100%

				MSA				0.69		0.81		0.89		0.00		0.00				---		18%		30%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.60		0.79		0.87		0.18		0.93				---		33%		47%		-71%		56%

				Ammonium				1.60		1.68		1.51		0.02		0.07				---		5%		-6%		-99%		-96%

				Potassium				0.17		0.20		0.25		0.03		0.43				---		14%		44%		-85%		150%

				Magnesium				0.33		0.61		0.52		0.02		0.21				---		86%		60%		-94%		-35%

				Calcium				1.93		2.59		2.24		0.19		2.59				---		34%		16%		-90%		34%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				12.25		13.37		11.93

				Ratio				10.67		10.86		13.84

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 3 Chart 2

		



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio



Lot 3 Data

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.1482758621

0.2003831418

0.1189655172

1.961302682

5.451532567

14.2637931034

0.012835249

0.05

0.2614942529

0.0536398467

0.1270114943

0.7551724138

0.09348659

0.0787356322

0.1637931034

0.0959770115

0.1942528736

0

0

0

0

0.9630268199

2.1396551724

3.1540229885

1.4149425287

2.7318007663

5.2097701149

0

0

0

0

0

0

0

0

0

0

0.0009578544

0

0.1885057471

0.6641762452

1.9603448276

1.6151340996

1.9067049808

2.382183908

0.5670498084

1.458045977

4.0281609195

0.1021072797

0.0913793103

0.0706896552

1.0388888889

0.6381226054

0.3655172414



		DI		3.38

		10%		6.82

		75%		32.3
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Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

8.2551724138

15.7327586207

32.733908046



		RC

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.15		0.20		0.12		0.01		0.00				---		35%		-20%		-91%		-100%

				Chloride				1.96		5.45		14.26		0.09		0.41				---		178%		627%		-96%		-79%

				Nitrite				0.01		0.05		0.26		0.00		0.00				---		290%		1937%		-100%		-100%

				Bromide				0.05		0.13		0.76		0.00		0.00				---		137%		1308%		-100%		-100%

				Nitrate				0.09		0.08		0.16		0.00		0.00				---		-16%		75%		-100%		-100%

				Sulfate				0.10		0.19		0.00		0.00		0.00				---		102%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				0.96		2.14		3.15		0.03		0.00				---		122%		228%		-97%		-100%

				Formate				1.41		2.73		5.21		0.03		0.00				---		93%		268%		-98%		-100%

				MSA				0.00		0.00		0.00		0.00		0.00				---

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.19		0.66		1.96		0.18		0.93				---		252%		940%		-7%		394%

				Ammonium				1.62		1.91		2.38		0.02		0.07				---		18%		47%		-99%		-96%

				Potassium				0.57		1.46		4.03		0.03		0.43				---		157%		610%		-96%		-24%

				Magnesium				0.10		0.09		0.07		0.02		0.21				---		-11%		-31%		-82%		107%

				Calcium				1.04		0.64		0.37		0.19		2.59				---		-39%		-65%		-81%		150%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				8.26		15.73		32.73

				Ratio				3.38		6.82		32.30

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





		DI		10.67

		10%		10.86

		75%		13.84



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



		DI		15.13

		10%		17.32

		75%		17.55



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274
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Chart2


			DI			3.38


			10%			6.82


			75%			32.3





Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


8.2551724138


15.7327586207


32.733908046





Lot 1 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.0587467363


0.0838120104


0.1378590078


1.9892950392


2.7657963446


3.3548302872


0.1971279373


0.1916449086


0.2114882507


2.2806788512


2.9751958225


3.2569190601


0.0279373368


0.145691906


0.4245430809


2.0569190601


0.980156658


0


0


0


0


3.4976501305


5.2924281984


2.3498694517


2.1817232376


2.953002611


3.4832898172


0.5438642298


1.0932114883


1.6409921671


0


0


0


1.0399477807


1.1088772846


0.3485639687


0.0062663185


0.0151436031


0.0046997389


0.780156658


1.1558746736


1.1052219321


2.1018276762


2.3796344648


1.9919060052


0.2326370757


0.4187989556


0.4010443864


1.2279373368


1.8501305483


0.6023498695


3.801305483


4.3882506527


3.0689295039





Lot 1 Chart 2


			DI			15.13


			10%			17.32


			75%			17.55
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Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


22.0240208877


27.7976501305


22.3825065274





Lot 1 Data


			CSL Bd


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.06			0.08			0.14			0.01			0.00						---			43%			135%			-78%			-100%


						Chloride						1.99			2.77			3.35			0.09			0.41						---			39%			69%			-96%			-80%


						Nitrite						0.20			0.19			0.21			0.00			0.00						---			-3%			7%			-100%			-100%


						Bromide						2.28			2.98			3.26			0.00			0.00						---			30%			43%			-100%			-100%


						Nitrate						0.03			0.15			0.42			0.00			0.00						---			421%			1420%			-100%			-100%


						Sulfate						2.06			0.98			0.00			0.00			0.00						---			-52%			-100%			-100%			-100%


						Phosphate						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Acetate						3.50			5.29			2.35			0.03			0.00						---			51%			-33%			-99%			-100%


						Formate						2.18			2.95			3.48			0.03			0.00						---			35%			60%			-98%			-100%


						MSA						0.54			1.09			1.64			0.00			0.00						---			101%			202%			-100%			-100%


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						1.04			1.11			0.35			0.00			0.00						---			7%			-66%			-100%			-100%


						Lithium						0.01			0.02			0.00			0.00			0.02						---			142%			-25%			-100%			150%


						Sodium						0.78			1.16			1.11			0.18			0.93						---			48%			42%			-78%			19%


						Ammonium						2.10			2.38			1.99			0.02			0.07						---			13%			-5%			-99%			-97%


						Potassium						0.23			0.42			0.40			0.03			0.43						---			80%			72%			-89%			85%


						Magnesium						1.23			1.85			0.60			0.02			0.21						---			51%			-51%			-98%			-83%


						Calcium						3.80			4.39			3.07			0.19			2.59						---			15%			-19%			-95%			-32%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						22.02			27.80			22.38


						Ratio						15.13			17.32			17.55


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 2 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.0574468085


0.1127659574


0.1276595745


0.2276595745


0.3404255319


0.6063829787


0


0


0


1.9531914894


2.0829787234


2.4382978723


0


0


0


2.1127659574


1.0829787234


0.0127659574


0


0.0468085106


0.0638297872


1.4170212766


1.5574468085


0.6765957447


1.1744680851


1.4638297872


1.7170212766


0.6872340426


0.8106382979


0.8936170213


0


0


0


0


0


0


0


0


0


0.5957446809


0.7936170213


0.8744680851


1.6


1.6829787234


1.5063829787


0.1723404255


0.1957446809


0.2489361702


0.3276595745


0.6085106383


0.5234042553


1.9276595745


2.5872340426


2.2404255319





Lot 2 Chart 2


			DI			10.67


			10%			10.86


			75%			13.84
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Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


12.2531914894


13.3659574468


11.929787234





Lot 2 Data


			Phoenix


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.06			0.11			0.13			0.01			0.00						---			96%			122%			-78%			-100%


						Chloride						0.23			0.34			0.61			0.09			0.41						---			50%			166%			-62%			79%


						Nitrite						0.00			0.00			0.00			0.00			0.00						---


						Bromide						1.95			2.08			2.44			0.00			0.00						---			7%			25%			-100%			-100%


						Nitrate						0.00			0.00			0.00			0.00			0.00						---


						Sulfate						2.11			1.08			0.01			0.00			0.00						---			-49%			-99%			-100%			-100%


						Phosphate						0.00			0.05			0.06			0.00			0.00						---			---			---			---			---


						Acetate						1.42			1.56			0.68			0.03			0.00						---			10%			-52%			-98%			-100%


						Formate						1.17			1.46			1.72			0.03			0.00						---			25%			46%			-97%			-100%


						MSA						0.69			0.81			0.89			0.00			0.00						---			18%			30%			-100%			-100%


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						0.00			0.00			0.00			0.00			0.00						---


						Lithium						0.00			0.00			0.00			0.00			0.02						---


						Sodium						0.60			0.79			0.87			0.18			0.93						---			33%			47%			-71%			56%


						Ammonium						1.60			1.68			1.51			0.02			0.07						---			5%			-6%			-99%			-96%


						Potassium						0.17			0.20			0.25			0.03			0.43						---			14%			44%			-85%			150%


						Magnesium						0.33			0.61			0.52			0.02			0.21						---			86%			60%			-94%			-35%


						Calcium						1.93			2.59			2.24			0.19			2.59						---			34%			16%			-90%			34%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						12.25			13.37			11.93


						Ratio						10.67			10.86			13.84


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 3 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.1482758621


0.2003831418


0.1189655172


1.961302682


5.451532567


14.2637931034


0.012835249


0.05


0.2614942529


0.0536398467


0.1270114943


0.7551724138


0.09348659


0.0787356322


0.1637931034


0.0959770115


0.1942528736


0


0


0


0


0.9630268199


2.1396551724


3.1540229885


1.4149425287


2.7318007663


5.2097701149


0


0


0


0


0


0


0


0


0


0


0.0009578544


0


0.1885057471


0.6641762452


1.9603448276


1.6151340996


1.9067049808


2.382183908


0.5670498084


1.458045977


4.0281609195


0.1021072797


0.0913793103


0.0706896552


1.0388888889


0.6381226054


0.3655172414





Lot 3 Chart 2


			DI			3.38


			10%			6.82


			75%			32.3
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Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


8.2551724138


15.7327586207


32.733908046





Lot 3 Data


			RC


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.15			0.20			0.12			0.01			0.00						---			35%			-20%			-91%			-100%


						Chloride						1.96			5.45			14.26			0.09			0.41						---			178%			627%			-96%			-79%


						Nitrite						0.01			0.05			0.26			0.00			0.00						---			290%			1937%			-100%			-100%


						Bromide						0.05			0.13			0.76			0.00			0.00						---			137%			1308%			-100%			-100%


						Nitrate						0.09			0.08			0.16			0.00			0.00						---			-16%			75%			-100%			-100%


						Sulfate						0.10			0.19			0.00			0.00			0.00						---			102%			-100%			-100%			-100%


						Phosphate						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Acetate						0.96			2.14			3.15			0.03			0.00						---			122%			228%			-97%			-100%


						Formate						1.41			2.73			5.21			0.03			0.00						---			93%			268%			-98%			-100%


						MSA						0.00			0.00			0.00			0.00			0.00						---


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						0.00			0.00			0.00			0.00			0.00						---


						Lithium						0.00			0.00			0.00			0.00			0.02						---


						Sodium						0.19			0.66			1.96			0.18			0.93						---			252%			940%			-7%			394%


						Ammonium						1.62			1.91			2.38			0.02			0.07						---			18%			47%			-99%			-96%


						Potassium						0.57			1.46			4.03			0.03			0.43						---			157%			610%			-96%			-24%


						Magnesium						0.10			0.09			0.07			0.02			0.21						---			-11%			-31%			-82%			107%


						Calcium						1.04			0.64			0.37			0.19			2.59						---			-39%			-65%			-81%			150%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						8.26			15.73			32.73


						Ratio						3.38			6.82			32.30


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 3 Data


			0			0


			0			0


			0			0





Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio
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Interpretation

Sample type and processing history
may affect the results, however a few

trends are still evident and are pertinent.

e The concentrations for chloride,
bromide, nitrate, formate, and
MSA all increase with increasing
IPA concentration in the matrix

e The concentration of sulfate
decreases to zero with an
Increasing concentration of IPA
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Phoenix

CSL

RC

% IPA

Cl Conc (mg/in2)

0.23

1.99

1.96

0.34

2.77

5.45

0.61

3.35

14.26



Chart2

		DI Water		DI Water

		10% IPA		10% IPA

		75% IPA		75% IPA



Cl

SO4

Concentration (mg/in2)

1.99

2.06

2.77

0.98

3.35
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Sheet1

		

				Chloride

						DI		10%		75%				DI		10%		75%

				IPA		0		10		75

				Phoenix		0.23		0.34		0.61				100%		148%		265%

				CSL		1.99		2.77		3.35				100%		139%		168%

				RC		1.96		5.45		14.26				100%		278%		728%

														100%		188%		387%

				Sulfate

						DI		10%		75%				DI		10%		75%

				Phoenix		2.11		1.08		0.01				100%		51%		0%

				CSL		2.06		0.98		0.00				100%		48%		0%

				RC		0.10		0.19		0.00				100%		190%		0%

														100%		96%		0%

				CSL

						Cl		SO4

				DI Water		1.99		2.06

				10% IPA		2.77		0.98

				75% IPA		3.35		0.00
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Interpretation

More trends...

e “Fluctuation” within the data is always present

* For most of the cation species, the ionic concentrations
typically increase from the DI water matrix to the 10% IPA
matrix and then either hold steady for the 75% IPA matrix or
decrease back down towards the DI water matrix value

 The IC results obtained from the “rinse” solutions, in
comparison to the “extract” solution results, suggests that
the ROSE sample preparation method fails to extract similar

lonic levels

e
CWNTS

w‘gpv‘



Discussion

lonic cleanliness level requirements vary depending on the industry
In which the products are used.

The ultimate reliability desired for a given product is the critical issue.
The following tables summarize some “known” IC test requirements.

 These requirements are not industry-wide standards, but
levels established by individual corporations

e
CWNTS

w‘gpv‘



Discussion

Various IC analysis requirements...

. Components, Automotive
Tons Bare PCB .
Bare PCB. PCA Y — = — Tons _PCBs PCA's
Fluoride - utomotive Automotive Autor?llom- e Anv Finich
Chloride =30 Tons —HASL —OSP —Ni'Au i i
Nitrite — PCB PCB PCB Fllwn_de — =30
Bromide Each = 0.52 < 6.0 Chlm’ide < 4.84 < 4.84 < 4.84 Chlor_ide < 8.0 < 8.0
Nitrate c4D Bromide <645 <645 <6.45 Nitrite
Sulfate <40 Na+K < 12.90 <2581 <12.90 Bromide =15.0 <10.0
Phosphate <40 Fluoride Nitrate — =70
Acetate <40 Chloride Sulfate <10.0
Formate =40 Bronude Phosphate — < 7.0
MSA None specified <20 Nl_tr:_ate Acetate -
Adipate } Nitrire .
- <300 Sulfate Formate
Succinate Total Total Total
- Phosphate MSA -—- = 300.0
Lithium P <2452 < 38.06 <2452 :
i Sodium Adipate -
Sodium <40 P : Succinat
Ammonium Each < 1.00 <40 ofassmum Succinate ---
Potassium ; <40 Lithium Lithllu:m -— -
Magnesium — Ammonium Sodium — —
Calcium —- Még;mf“’mm Ammonium -— ---
Total Anions < 1.61 - acum Potassium — —
Total WOA = 500 --- . Mggnesium — —
ToelCofine =370 Table 2 — Non-Medical __calcium

Table 1 — Medical Table 3 — Non-Medical

Note: Tables 1 & 3 — 75% IPA, Table 2 — 10% IPA

’
i» ‘!‘\

L2 NTS
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Discussion

An example of why extract matrix selection is critical...using the
“medical”’ requirements...

e The “<0.52 ug/in?” Cl requirement

— Specimens extracted with DI water and 10% IPA for Lot 2
would meet the requirement

— All others would fail to meet the requirement

e The “< 3.0 ug/in®” Cl requirement

— Lot 1 — Specimens extracted with DI water and 10% IPA
would meet the requirement

— Lot 2 — All of the specimens would meet the requirement

— Lot 3 — Only specimens extracted with DI water matrix
would meet the requirement

2
T

L NTS

w‘gpv‘



Discussion

For the IC analysis of the “rinse” solutions...

— None to very little specific ion content was detected

— The specific ion results suggest that the “extraction” procedure
IS more successful at removing ionic species from the surface
of a given specimen than the “rinse” procedure

— From a bulk conductivity standpoint, the “rinse” solutions
measured 1,000 to 10,000 times lower in conductivity than the
“extract” solutions

The “ROSE” test does not appear to give an accurate account of the
lonic material present.

4) '_\
e «‘V NTs
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Comparison of IC and Bulk Conductivity results...
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T otal Tonic

e R At 10

10% 75%

Lot 1
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+ 16
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Solution to Blank Conduectivity Ratio
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Concentration ( yg/sq in.)
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10% 75%
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Solution to Blank Conductivity Ratio

Note: Lots 1 & 2 — Solder Mask Coated, Lot 3 — Non Solder Mask Coated



Chart1

		DI		15.13

		10%		17.32

		75%		17.55



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274



Lot 1 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0587467363

0.0838120104

0.1378590078

1.9892950392

2.7657963446

3.3548302872

0.1971279373

0.1916449086

0.2114882507

2.2806788512

2.9751958225

3.2569190601

0.0279373368

0.145691906

0.4245430809

2.0569190601

0.980156658

0

0

0

0

3.4976501305

5.2924281984

2.3498694517

2.1817232376

2.953002611

3.4832898172

0.5438642298

1.0932114883

1.6409921671

0

0

0

1.0399477807

1.1088772846

0.3485639687

0.0062663185

0.0151436031

0.0046997389

0.780156658

1.1558746736

1.1052219321

2.1018276762

2.3796344648

1.9919060052

0.2326370757

0.4187989556

0.4010443864

1.2279373368

1.8501305483

0.6023498695

3.801305483

4.3882506527

3.0689295039



Lot 1 Chart 2

		DI		15.13

		10%		17.32

		75%		17.55
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Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274



Lot 1 Data

		CSL Bd

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.08		0.14		0.01		0.00				---		43%		135%		-78%		-100%

				Chloride				1.99		2.77		3.35		0.09		0.41				---		39%		69%		-96%		-80%

				Nitrite				0.20		0.19		0.21		0.00		0.00				---		-3%		7%		-100%		-100%

				Bromide				2.28		2.98		3.26		0.00		0.00				---		30%		43%		-100%		-100%

				Nitrate				0.03		0.15		0.42		0.00		0.00				---		421%		1420%		-100%		-100%

				Sulfate				2.06		0.98		0.00		0.00		0.00				---		-52%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				3.50		5.29		2.35		0.03		0.00				---		51%		-33%		-99%		-100%

				Formate				2.18		2.95		3.48		0.03		0.00				---		35%		60%		-98%		-100%

				MSA				0.54		1.09		1.64		0.00		0.00				---		101%		202%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				1.04		1.11		0.35		0.00		0.00				---		7%		-66%		-100%		-100%

				Lithium				0.01		0.02		0.00		0.00		0.02				---		142%		-25%		-100%		150%

				Sodium				0.78		1.16		1.11		0.18		0.93				---		48%		42%		-78%		19%

				Ammonium				2.10		2.38		1.99		0.02		0.07				---		13%		-5%		-99%		-97%

				Potassium				0.23		0.42		0.40		0.03		0.43				---		80%		72%		-89%		85%

				Magnesium				1.23		1.85		0.60		0.02		0.21				---		51%		-51%		-98%		-83%

				Calcium				3.80		4.39		3.07		0.19		2.59				---		15%		-19%		-95%		-32%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				22.02		27.80		22.38

				Ratio				15.13		17.32		17.55

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 1 Data

		



DI

10%

75%

Concentration (mg/sq in.)



Lot 2 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0574468085

0.1127659574

0.1276595745

0.2276595745

0.3404255319

0.6063829787

0

0

0

1.9531914894

2.0829787234

2.4382978723

0

0

0

2.1127659574

1.0829787234

0.0127659574

0

0.0468085106

0.0638297872

1.4170212766

1.5574468085

0.6765957447

1.1744680851

1.4638297872

1.7170212766

0.6872340426

0.8106382979

0.8936170213

0

0

0

0

0

0

0

0

0

0.5957446809

0.7936170213

0.8744680851

1.6

1.6829787234

1.5063829787

0.1723404255

0.1957446809

0.2489361702

0.3276595745

0.6085106383

0.5234042553

1.9276595745

2.5872340426

2.2404255319



Lot 2 Chart 2

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.1482758621

0.2003831418

0.1189655172

1.961302682

5.451532567

14.2637931034

0.012835249

0.05

0.2614942529

0.0536398467

0.1270114943

0.7551724138

0.09348659

0.0787356322

0.1637931034

0.0959770115

0.1942528736

0

0

0

0

0.9630268199

2.1396551724

3.1540229885

1.4149425287

2.7318007663

5.2097701149

0

0

0

0

0

0

0

0

0

0

0.0009578544

0

0.1885057471

0.6641762452

1.9603448276

1.6151340996

1.9067049808

2.382183908

0.5670498084

1.458045977

4.0281609195

0.1021072797

0.0913793103

0.0706896552

1.0388888889

0.6381226054

0.3655172414



Lot 2 Data

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0574468085

0.1127659574

0.1276595745

0.2276595745

0.3404255319

0.6063829787

0

0

0

1.9531914894

2.0829787234

2.4382978723

0

0

0

2.1127659574

1.0829787234

0.0127659574

0

0.0468085106

0.0638297872

1.4170212766

1.5574468085

0.6765957447

1.1744680851

1.4638297872

1.7170212766

0.6872340426

0.8106382979

0.8936170213

0

0

0

0

0

0

0

0

0

0.5957446809

0.7936170213

0.8744680851

1.6

1.6829787234

1.5063829787

0.1723404255

0.1957446809

0.2489361702

0.3276595745

0.6085106383

0.5234042553

1.9276595745

2.5872340426

2.2404255319



Lot 3 Chart 1

		DI		10.67

		10%		10.86

		75%		13.84
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Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



Lot 3 Chart 2

		Phoenix

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.11		0.13		0.01		0.00				---		96%		122%		-78%		-100%

				Chloride				0.23		0.34		0.61		0.09		0.41				---		50%		166%		-62%		79%

				Nitrite				0.00		0.00		0.00		0.00		0.00				---

				Bromide				1.95		2.08		2.44		0.00		0.00				---		7%		25%		-100%		-100%

				Nitrate				0.00		0.00		0.00		0.00		0.00				---

				Sulfate				2.11		1.08		0.01		0.00		0.00				---		-49%		-99%		-100%		-100%

				Phosphate				0.00		0.05		0.06		0.00		0.00				---		---		---		---		---

				Acetate				1.42		1.56		0.68		0.03		0.00				---		10%		-52%		-98%		-100%

				Formate				1.17		1.46		1.72		0.03		0.00				---		25%		46%		-97%		-100%

				MSA				0.69		0.81		0.89		0.00		0.00				---		18%		30%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.60		0.79		0.87		0.18		0.93				---		33%		47%		-71%		56%

				Ammonium				1.60		1.68		1.51		0.02		0.07				---		5%		-6%		-99%		-96%

				Potassium				0.17		0.20		0.25		0.03		0.43				---		14%		44%		-85%		150%

				Magnesium				0.33		0.61		0.52		0.02		0.21				---		86%		60%		-94%		-35%

				Calcium				1.93		2.59		2.24		0.19		2.59				---		34%		16%		-90%		34%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				12.25		13.37		11.93

				Ratio				10.67		10.86		13.84

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 3 Chart 2

		



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio



Lot 3 Data

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.1482758621

0.2003831418

0.1189655172

1.961302682

5.451532567

14.2637931034

0.012835249

0.05

0.2614942529

0.0536398467

0.1270114943

0.7551724138

0.09348659

0.0787356322

0.1637931034

0.0959770115

0.1942528736

0

0

0

0

0.9630268199

2.1396551724

3.1540229885

1.4149425287

2.7318007663

5.2097701149

0

0

0

0

0

0

0

0

0

0

0.0009578544

0

0.1885057471

0.6641762452

1.9603448276

1.6151340996

1.9067049808

2.382183908

0.5670498084

1.458045977

4.0281609195

0.1021072797

0.0913793103

0.0706896552

1.0388888889

0.6381226054
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		DI		3.38

		10%		6.82

		75%		32.3
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Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

8.2551724138

15.7327586207

32.733908046



		RC

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.15		0.20		0.12		0.01		0.00				---		35%		-20%		-91%		-100%

				Chloride				1.96		5.45		14.26		0.09		0.41				---		178%		627%		-96%		-79%

				Nitrite				0.01		0.05		0.26		0.00		0.00				---		290%		1937%		-100%		-100%

				Bromide				0.05		0.13		0.76		0.00		0.00				---		137%		1308%		-100%		-100%

				Nitrate				0.09		0.08		0.16		0.00		0.00				---		-16%		75%		-100%		-100%

				Sulfate				0.10		0.19		0.00		0.00		0.00				---		102%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				0.96		2.14		3.15		0.03		0.00				---		122%		228%		-97%		-100%

				Formate				1.41		2.73		5.21		0.03		0.00				---		93%		268%		-98%		-100%

				MSA				0.00		0.00		0.00		0.00		0.00				---

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.19		0.66		1.96		0.18		0.93				---		252%		940%		-7%		394%

				Ammonium				1.62		1.91		2.38		0.02		0.07				---		18%		47%		-99%		-96%

				Potassium				0.57		1.46		4.03		0.03		0.43				---		157%		610%		-96%		-24%

				Magnesium				0.10		0.09		0.07		0.02		0.21				---		-11%		-31%		-82%		107%

				Calcium				1.04		0.64		0.37		0.19		2.59				---		-39%		-65%		-81%		150%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				8.26		15.73		32.73

				Ratio				3.38		6.82		32.30

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





		DI		10.67

		10%		10.86

		75%		13.84



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



		DI		15.13

		10%		17.32

		75%		17.55



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274
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			DI			3.38


			10%			6.82


			75%			32.3





Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


8.2551724138


15.7327586207


32.733908046





Lot 1 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.0587467363


0.0838120104


0.1378590078


1.9892950392


2.7657963446


3.3548302872


0.1971279373


0.1916449086


0.2114882507


2.2806788512


2.9751958225


3.2569190601


0.0279373368


0.145691906


0.4245430809


2.0569190601


0.980156658


0


0


0


0


3.4976501305


5.2924281984


2.3498694517


2.1817232376


2.953002611


3.4832898172


0.5438642298


1.0932114883


1.6409921671


0


0


0


1.0399477807


1.1088772846


0.3485639687


0.0062663185


0.0151436031


0.0046997389


0.780156658


1.1558746736


1.1052219321


2.1018276762


2.3796344648


1.9919060052


0.2326370757


0.4187989556


0.4010443864


1.2279373368


1.8501305483


0.6023498695


3.801305483


4.3882506527


3.0689295039





Lot 1 Chart 2


			DI			15.13


			10%			17.32


			75%			17.55
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Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


22.0240208877


27.7976501305


22.3825065274





Lot 1 Data


			CSL Bd


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.06			0.08			0.14			0.01			0.00						---			43%			135%			-78%			-100%


						Chloride						1.99			2.77			3.35			0.09			0.41						---			39%			69%			-96%			-80%


						Nitrite						0.20			0.19			0.21			0.00			0.00						---			-3%			7%			-100%			-100%


						Bromide						2.28			2.98			3.26			0.00			0.00						---			30%			43%			-100%			-100%


						Nitrate						0.03			0.15			0.42			0.00			0.00						---			421%			1420%			-100%			-100%


						Sulfate						2.06			0.98			0.00			0.00			0.00						---			-52%			-100%			-100%			-100%


						Phosphate						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Acetate						3.50			5.29			2.35			0.03			0.00						---			51%			-33%			-99%			-100%


						Formate						2.18			2.95			3.48			0.03			0.00						---			35%			60%			-98%			-100%


						MSA						0.54			1.09			1.64			0.00			0.00						---			101%			202%			-100%			-100%


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						1.04			1.11			0.35			0.00			0.00						---			7%			-66%			-100%			-100%


						Lithium						0.01			0.02			0.00			0.00			0.02						---			142%			-25%			-100%			150%


						Sodium						0.78			1.16			1.11			0.18			0.93						---			48%			42%			-78%			19%


						Ammonium						2.10			2.38			1.99			0.02			0.07						---			13%			-5%			-99%			-97%


						Potassium						0.23			0.42			0.40			0.03			0.43						---			80%			72%			-89%			85%


						Magnesium						1.23			1.85			0.60			0.02			0.21						---			51%			-51%			-98%			-83%


						Calcium						3.80			4.39			3.07			0.19			2.59						---			15%			-19%			-95%			-32%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						22.02			27.80			22.38


						Ratio						15.13			17.32			17.55


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 2 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.0574468085


0.1127659574


0.1276595745


0.2276595745


0.3404255319


0.6063829787


0


0


0


1.9531914894


2.0829787234


2.4382978723


0


0


0


2.1127659574


1.0829787234


0.0127659574


0


0.0468085106


0.0638297872


1.4170212766


1.5574468085


0.6765957447


1.1744680851


1.4638297872


1.7170212766


0.6872340426


0.8106382979


0.8936170213


0


0


0


0


0


0


0


0


0


0.5957446809


0.7936170213


0.8744680851


1.6


1.6829787234


1.5063829787


0.1723404255


0.1957446809


0.2489361702


0.3276595745


0.6085106383


0.5234042553


1.9276595745


2.5872340426


2.2404255319





Lot 2 Chart 2


			DI			10.67


			10%			10.86


			75%			13.84
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Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


12.2531914894


13.3659574468


11.929787234





Lot 2 Data


			Phoenix


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.06			0.11			0.13			0.01			0.00						---			96%			122%			-78%			-100%


						Chloride						0.23			0.34			0.61			0.09			0.41						---			50%			166%			-62%			79%


						Nitrite						0.00			0.00			0.00			0.00			0.00						---


						Bromide						1.95			2.08			2.44			0.00			0.00						---			7%			25%			-100%			-100%


						Nitrate						0.00			0.00			0.00			0.00			0.00						---


						Sulfate						2.11			1.08			0.01			0.00			0.00						---			-49%			-99%			-100%			-100%


						Phosphate						0.00			0.05			0.06			0.00			0.00						---			---			---			---			---


						Acetate						1.42			1.56			0.68			0.03			0.00						---			10%			-52%			-98%			-100%


						Formate						1.17			1.46			1.72			0.03			0.00						---			25%			46%			-97%			-100%


						MSA						0.69			0.81			0.89			0.00			0.00						---			18%			30%			-100%			-100%


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						0.00			0.00			0.00			0.00			0.00						---


						Lithium						0.00			0.00			0.00			0.00			0.02						---


						Sodium						0.60			0.79			0.87			0.18			0.93						---			33%			47%			-71%			56%


						Ammonium						1.60			1.68			1.51			0.02			0.07						---			5%			-6%			-99%			-96%


						Potassium						0.17			0.20			0.25			0.03			0.43						---			14%			44%			-85%			150%


						Magnesium						0.33			0.61			0.52			0.02			0.21						---			86%			60%			-94%			-35%


						Calcium						1.93			2.59			2.24			0.19			2.59						---			34%			16%			-90%			34%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						12.25			13.37			11.93


						Ratio						10.67			10.86			13.84


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 3 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.1482758621


0.2003831418


0.1189655172


1.961302682


5.451532567


14.2637931034


0.012835249


0.05


0.2614942529


0.0536398467
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0.1637931034


0.0959770115


0.1942528736
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0


0
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2.1396551724


3.1540229885


1.4149425287


2.7318007663


5.2097701149


0


0


0


0


0


0


0


0


0


0


0.0009578544


0


0.1885057471


0.6641762452


1.9603448276


1.6151340996


1.9067049808


2.382183908


0.5670498084


1.458045977


4.0281609195


0.1021072797


0.0913793103


0.0706896552


1.0388888889


0.6381226054


0.3655172414





Lot 3 Chart 2


			DI			3.38


			10%			6.82


			75%			32.3
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Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


8.2551724138


15.7327586207


32.733908046





Lot 3 Data


			RC


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.15			0.20			0.12			0.01			0.00						---			35%			-20%			-91%			-100%


						Chloride						1.96			5.45			14.26			0.09			0.41						---			178%			627%			-96%			-79%


						Nitrite						0.01			0.05			0.26			0.00			0.00						---			290%			1937%			-100%			-100%


						Bromide						0.05			0.13			0.76			0.00			0.00						---			137%			1308%			-100%			-100%


						Nitrate						0.09			0.08			0.16			0.00			0.00						---			-16%			75%			-100%			-100%


						Sulfate						0.10			0.19			0.00			0.00			0.00						---			102%			-100%			-100%			-100%


						Phosphate						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Acetate						0.96			2.14			3.15			0.03			0.00						---			122%			228%			-97%			-100%


						Formate						1.41			2.73			5.21			0.03			0.00						---			93%			268%			-98%			-100%


						MSA						0.00			0.00			0.00			0.00			0.00						---


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						0.00			0.00			0.00			0.00			0.00						---


						Lithium						0.00			0.00			0.00			0.00			0.02						---


						Sodium						0.19			0.66			1.96			0.18			0.93						---			252%			940%			-7%			394%


						Ammonium						1.62			1.91			2.38			0.02			0.07						---			18%			47%			-99%			-96%


						Potassium						0.57			1.46			4.03			0.03			0.43						---			157%			610%			-96%			-24%


						Magnesium						0.10			0.09			0.07			0.02			0.21						---			-11%			-31%			-82%			107%


						Calcium						1.04			0.64			0.37			0.19			2.59						---			-39%			-65%			-81%			150%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						8.26			15.73			32.73


						Ratio						3.38			6.82			32.30


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 3 Data
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		DI		10.67

		10%		10.86

		75%		13.84



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



Lot 1 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0587467363

0.0838120104

0.1378590078

1.9892950392

2.7657963446

3.3548302872

0.1971279373

0.1916449086

0.2114882507

2.2806788512

2.9751958225

3.2569190601

0.0279373368

0.145691906
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2.0569190601

0.980156658
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2.953002611
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0.5438642298

1.0932114883

1.6409921671
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0

0

1.0399477807

1.1088772846

0.3485639687

0.0062663185

0.0151436031

0.0046997389

0.780156658

1.1558746736

1.1052219321

2.1018276762

2.3796344648

1.9919060052

0.2326370757

0.4187989556

0.4010443864

1.2279373368

1.8501305483

0.6023498695

3.801305483

4.3882506527

3.0689295039



Lot 1 Chart 2

		DI		15.13

		10%		17.32

		75%		17.55



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274



Lot 1 Data

		CSL Bd

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.08		0.14		0.01		0.00				---		43%		135%		-78%		-100%

				Chloride				1.99		2.77		3.35		0.09		0.41				---		39%		69%		-96%		-80%

				Nitrite				0.20		0.19		0.21		0.00		0.00				---		-3%		7%		-100%		-100%

				Bromide				2.28		2.98		3.26		0.00		0.00				---		30%		43%		-100%		-100%

				Nitrate				0.03		0.15		0.42		0.00		0.00				---		421%		1420%		-100%		-100%

				Sulfate				2.06		0.98		0.00		0.00		0.00				---		-52%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				3.50		5.29		2.35		0.03		0.00				---		51%		-33%		-99%		-100%

				Formate				2.18		2.95		3.48		0.03		0.00				---		35%		60%		-98%		-100%

				MSA				0.54		1.09		1.64		0.00		0.00				---		101%		202%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				1.04		1.11		0.35		0.00		0.00				---		7%		-66%		-100%		-100%

				Lithium				0.01		0.02		0.00		0.00		0.02				---		142%		-25%		-100%		150%

				Sodium				0.78		1.16		1.11		0.18		0.93				---		48%		42%		-78%		19%

				Ammonium				2.10		2.38		1.99		0.02		0.07				---		13%		-5%		-99%		-97%

				Potassium				0.23		0.42		0.40		0.03		0.43				---		80%		72%		-89%		85%

				Magnesium				1.23		1.85		0.60		0.02		0.21				---		51%		-51%		-98%		-83%

				Calcium				3.80		4.39		3.07		0.19		2.59				---		15%		-19%		-95%		-32%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				22.02		27.80		22.38

				Ratio				15.13		17.32		17.55

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 1 Data

		



DI

10%

75%

Concentration (mg/sq in.)



Lot 2 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0574468085

0.1127659574

0.1276595745

0.2276595745

0.3404255319

0.6063829787

0

0

0

1.9531914894

2.0829787234

2.4382978723

0

0

0

2.1127659574

1.0829787234

0.0127659574

0

0.0468085106

0.0638297872

1.4170212766

1.5574468085

0.6765957447

1.1744680851

1.4638297872

1.7170212766

0.6872340426

0.8106382979

0.8936170213

0

0

0

0

0

0

0

0

0

0.5957446809

0.7936170213

0.8744680851

1.6

1.6829787234

1.5063829787

0.1723404255

0.1957446809

0.2489361702

0.3276595745

0.6085106383

0.5234042553

1.9276595745

2.5872340426

2.2404255319



Lot 2 Chart 2

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.1482758621

0.2003831418

0.1189655172

1.961302682

5.451532567

14.2637931034

0.012835249

0.05

0.2614942529

0.0536398467

0.1270114943

0.7551724138

0.09348659

0.0787356322

0.1637931034

0.0959770115

0.1942528736

0

0

0

0

0.9630268199

2.1396551724

3.1540229885

1.4149425287

2.7318007663

5.2097701149

0

0

0

0

0

0

0

0

0

0

0.0009578544

0

0.1885057471

0.6641762452

1.9603448276

1.6151340996

1.9067049808

2.382183908

0.5670498084

1.458045977

4.0281609195

0.1021072797

0.0913793103

0.0706896552

1.0388888889

0.6381226054

0.3655172414



Lot 2 Data

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0574468085

0.1127659574

0.1276595745

0.2276595745

0.3404255319

0.6063829787

0

0

0

1.9531914894

2.0829787234

2.4382978723

0

0

0

2.1127659574

1.0829787234

0.0127659574

0

0.0468085106

0.0638297872

1.4170212766

1.5574468085

0.6765957447

1.1744680851

1.4638297872

1.7170212766

0.6872340426

0.8106382979

0.8936170213

0

0

0

0

0

0

0

0

0

0.5957446809

0.7936170213

0.8744680851

1.6

1.6829787234

1.5063829787

0.1723404255

0.1957446809

0.2489361702

0.3276595745

0.6085106383

0.5234042553

1.9276595745

2.5872340426

2.2404255319



Lot 3 Chart 1

		DI		10.67

		10%		10.86

		75%		13.84



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



Lot 3 Chart 2

		Phoenix

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.11		0.13		0.01		0.00				---		96%		122%		-78%		-100%

				Chloride				0.23		0.34		0.61		0.09		0.41				---		50%		166%		-62%		79%

				Nitrite				0.00		0.00		0.00		0.00		0.00				---

				Bromide				1.95		2.08		2.44		0.00		0.00				---		7%		25%		-100%		-100%

				Nitrate				0.00		0.00		0.00		0.00		0.00				---

				Sulfate				2.11		1.08		0.01		0.00		0.00				---		-49%		-99%		-100%		-100%

				Phosphate				0.00		0.05		0.06		0.00		0.00				---		---		---		---		---

				Acetate				1.42		1.56		0.68		0.03		0.00				---		10%		-52%		-98%		-100%

				Formate				1.17		1.46		1.72		0.03		0.00				---		25%		46%		-97%		-100%

				MSA				0.69		0.81		0.89		0.00		0.00				---		18%		30%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.60		0.79		0.87		0.18		0.93				---		33%		47%		-71%		56%

				Ammonium				1.60		1.68		1.51		0.02		0.07				---		5%		-6%		-99%		-96%

				Potassium				0.17		0.20		0.25		0.03		0.43				---		14%		44%		-85%		150%

				Magnesium				0.33		0.61		0.52		0.02		0.21				---		86%		60%		-94%		-35%

				Calcium				1.93		2.59		2.24		0.19		2.59				---		34%		16%		-90%		34%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				12.25		13.37		11.93

				Ratio				10.67		10.86		13.84

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 3 Chart 2

		



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio



Lot 3 Data

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.1482758621

0.2003831418

0.1189655172

1.961302682

5.451532567

14.2637931034

0.012835249

0.05

0.2614942529

0.0536398467

0.1270114943

0.7551724138

0.09348659

0.0787356322

0.1637931034

0.0959770115

0.1942528736

0

0

0

0

0.9630268199

2.1396551724

3.1540229885

1.4149425287

2.7318007663

5.2097701149

0

0

0

0

0

0

0

0

0

0

0.0009578544

0

0.1885057471

0.6641762452

1.9603448276

1.6151340996

1.9067049808

2.382183908

0.5670498084

1.458045977

4.0281609195

0.1021072797

0.0913793103

0.0706896552

1.0388888889

0.6381226054

0.3655172414



		DI		3.38

		10%		6.82

		75%		32.3



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

8.2551724138

15.7327586207

32.733908046



		RC

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.15		0.20		0.12		0.01		0.00				---		35%		-20%		-91%		-100%

				Chloride				1.96		5.45		14.26		0.09		0.41				---		178%		627%		-96%		-79%

				Nitrite				0.01		0.05		0.26		0.00		0.00				---		290%		1937%		-100%		-100%

				Bromide				0.05		0.13		0.76		0.00		0.00				---		137%		1308%		-100%		-100%

				Nitrate				0.09		0.08		0.16		0.00		0.00				---		-16%		75%		-100%		-100%

				Sulfate				0.10		0.19		0.00		0.00		0.00				---		102%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				0.96		2.14		3.15		0.03		0.00				---		122%		228%		-97%		-100%

				Formate				1.41		2.73		5.21		0.03		0.00				---		93%		268%		-98%		-100%

				MSA				0.00		0.00		0.00		0.00		0.00				---

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.19		0.66		1.96		0.18		0.93				---		252%		940%		-7%		394%

				Ammonium				1.62		1.91		2.38		0.02		0.07				---		18%		47%		-99%		-96%

				Potassium				0.57		1.46		4.03		0.03		0.43				---		157%		610%		-96%		-24%

				Magnesium				0.10		0.09		0.07		0.02		0.21				---		-11%		-31%		-82%		107%

				Calcium				1.04		0.64		0.37		0.19		2.59				---		-39%		-65%		-81%		150%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				8.26		15.73		32.73

				Ratio				3.38		6.82		32.30

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





		DI		10.67

		10%		10.86

		75%		13.84



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



		DI		15.13

		10%		17.32

		75%		17.55



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274
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			DI			3.38


			10%			6.82


			75%			32.3





Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


8.2551724138


15.7327586207


32.733908046





Lot 1 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.0587467363


0.0838120104


0.1378590078


1.9892950392


2.7657963446


3.3548302872


0.1971279373


0.1916449086


0.2114882507


2.2806788512


2.9751958225


3.2569190601


0.0279373368


0.145691906


0.4245430809


2.0569190601


0.980156658


0


0


0


0


3.4976501305


5.2924281984


2.3498694517


2.1817232376


2.953002611


3.4832898172


0.5438642298


1.0932114883


1.6409921671


0


0


0


1.0399477807


1.1088772846


0.3485639687


0.0062663185


0.0151436031


0.0046997389


0.780156658


1.1558746736


1.1052219321


2.1018276762


2.3796344648


1.9919060052


0.2326370757


0.4187989556


0.4010443864


1.2279373368


1.8501305483


0.6023498695


3.801305483


4.3882506527


3.0689295039





Lot 1 Chart 2


			DI			15.13


			10%			17.32


			75%			17.55
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Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


22.0240208877


27.7976501305


22.3825065274





Lot 1 Data


			CSL Bd


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.06			0.08			0.14			0.01			0.00						---			43%			135%			-78%			-100%


						Chloride						1.99			2.77			3.35			0.09			0.41						---			39%			69%			-96%			-80%


						Nitrite						0.20			0.19			0.21			0.00			0.00						---			-3%			7%			-100%			-100%


						Bromide						2.28			2.98			3.26			0.00			0.00						---			30%			43%			-100%			-100%


						Nitrate						0.03			0.15			0.42			0.00			0.00						---			421%			1420%			-100%			-100%


						Sulfate						2.06			0.98			0.00			0.00			0.00						---			-52%			-100%			-100%			-100%


						Phosphate						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Acetate						3.50			5.29			2.35			0.03			0.00						---			51%			-33%			-99%			-100%


						Formate						2.18			2.95			3.48			0.03			0.00						---			35%			60%			-98%			-100%


						MSA						0.54			1.09			1.64			0.00			0.00						---			101%			202%			-100%			-100%


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						1.04			1.11			0.35			0.00			0.00						---			7%			-66%			-100%			-100%


						Lithium						0.01			0.02			0.00			0.00			0.02						---			142%			-25%			-100%			150%


						Sodium						0.78			1.16			1.11			0.18			0.93						---			48%			42%			-78%			19%


						Ammonium						2.10			2.38			1.99			0.02			0.07						---			13%			-5%			-99%			-97%


						Potassium						0.23			0.42			0.40			0.03			0.43						---			80%			72%			-89%			85%


						Magnesium						1.23			1.85			0.60			0.02			0.21						---			51%			-51%			-98%			-83%


						Calcium						3.80			4.39			3.07			0.19			2.59						---			15%			-19%			-95%			-32%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						22.02			27.80			22.38


						Ratio						15.13			17.32			17.55


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 2 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.0574468085


0.1127659574


0.1276595745


0.2276595745


0.3404255319


0.6063829787


0


0


0


1.9531914894


2.0829787234


2.4382978723


0


0


0


2.1127659574


1.0829787234


0.0127659574


0


0.0468085106


0.0638297872


1.4170212766


1.5574468085


0.6765957447


1.1744680851


1.4638297872


1.7170212766


0.6872340426


0.8106382979


0.8936170213


0


0


0


0


0


0


0


0


0


0.5957446809


0.7936170213


0.8744680851


1.6


1.6829787234


1.5063829787


0.1723404255


0.1957446809


0.2489361702


0.3276595745


0.6085106383


0.5234042553


1.9276595745


2.5872340426


2.2404255319





Lot 2 Chart 2


			DI			10.67


			10%			10.86


			75%			13.84





&A


Page &P


Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


12.2531914894


13.3659574468


11.929787234





Lot 2 Data


			Phoenix


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.06			0.11			0.13			0.01			0.00						---			96%			122%			-78%			-100%


						Chloride						0.23			0.34			0.61			0.09			0.41						---			50%			166%			-62%			79%


						Nitrite						0.00			0.00			0.00			0.00			0.00						---


						Bromide						1.95			2.08			2.44			0.00			0.00						---			7%			25%			-100%			-100%


						Nitrate						0.00			0.00			0.00			0.00			0.00						---


						Sulfate						2.11			1.08			0.01			0.00			0.00						---			-49%			-99%			-100%			-100%


						Phosphate						0.00			0.05			0.06			0.00			0.00						---			---			---			---			---


						Acetate						1.42			1.56			0.68			0.03			0.00						---			10%			-52%			-98%			-100%


						Formate						1.17			1.46			1.72			0.03			0.00						---			25%			46%			-97%			-100%


						MSA						0.69			0.81			0.89			0.00			0.00						---			18%			30%			-100%			-100%


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						0.00			0.00			0.00			0.00			0.00						---


						Lithium						0.00			0.00			0.00			0.00			0.02						---


						Sodium						0.60			0.79			0.87			0.18			0.93						---			33%			47%			-71%			56%


						Ammonium						1.60			1.68			1.51			0.02			0.07						---			5%			-6%			-99%			-96%


						Potassium						0.17			0.20			0.25			0.03			0.43						---			14%			44%			-85%			150%


						Magnesium						0.33			0.61			0.52			0.02			0.21						---			86%			60%			-94%			-35%


						Calcium						1.93			2.59			2.24			0.19			2.59						---			34%			16%			-90%			34%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						12.25			13.37			11.93


						Ratio						10.67			10.86			13.84


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 3 Chart 1


			Fluoride			Fluoride			Fluoride


			Chloride			Chloride			Chloride


			Nitrite			Nitrite			Nitrite


			Bromide			Bromide			Bromide


			Nitrate			Nitrate			Nitrate


			Sulfate			Sulfate			Sulfate


			Phosphate			Phosphate			Phosphate


			Acetate			Acetate			Acetate


			Formate			Formate			Formate


			MSA			MSA			MSA


			Adipic			Adipic			Adipic


			Succinic			Succinic			Succinic


			Lithium			Lithium			Lithium


			Sodium			Sodium			Sodium


			Ammonium			Ammonium			Ammonium


			Potassium			Potassium			Potassium


			Magnesium			Magnesium			Magnesium


			Calcium			Calcium			Calcium





DI


10%


75%


Concentration (mg/sq in.)


0.1482758621


0.2003831418


0.1189655172


1.961302682


5.451532567


14.2637931034


0.012835249


0.05


0.2614942529


0.0536398467


0.1270114943


0.7551724138


0.09348659


0.0787356322


0.1637931034


0.0959770115


0.1942528736


0


0


0


0


0.9630268199


2.1396551724


3.1540229885


1.4149425287


2.7318007663


5.2097701149


0


0


0


0


0


0


0


0


0


0


0.0009578544


0


0.1885057471


0.6641762452


1.9603448276


1.6151340996


1.9067049808


2.382183908


0.5670498084


1.458045977


4.0281609195


0.1021072797


0.0913793103


0.0706896552


1.0388888889


0.6381226054


0.3655172414





Lot 3 Chart 2


			DI			3.38


			10%			6.82


			75%			32.3





&A


Page &P


Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio


8.2551724138


15.7327586207


32.733908046





Lot 3 Data


			RC


						Ion						DI			10%			75%			Rinse			ROSE						DI			10%			75%			Rinse			ROSE


						Fluoride						0.15			0.20			0.12			0.01			0.00						---			35%			-20%			-91%			-100%


						Chloride						1.96			5.45			14.26			0.09			0.41						---			178%			627%			-96%			-79%


						Nitrite						0.01			0.05			0.26			0.00			0.00						---			290%			1937%			-100%			-100%


						Bromide						0.05			0.13			0.76			0.00			0.00						---			137%			1308%			-100%			-100%


						Nitrate						0.09			0.08			0.16			0.00			0.00						---			-16%			75%			-100%			-100%


						Sulfate						0.10			0.19			0.00			0.00			0.00						---			102%			-100%			-100%			-100%


						Phosphate						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Acetate						0.96			2.14			3.15			0.03			0.00						---			122%			228%			-97%			-100%


						Formate						1.41			2.73			5.21			0.03			0.00						---			93%			268%			-98%			-100%


						MSA						0.00			0.00			0.00			0.00			0.00						---


						Adipic						0.00			0.00			0.00			0.00			0.00						---			---			---			---			---


						Succinic						0.00			0.00			0.00			0.00			0.00						---


						Lithium						0.00			0.00			0.00			0.00			0.02						---


						Sodium						0.19			0.66			1.96			0.18			0.93						---			252%			940%			-7%			394%


						Ammonium						1.62			1.91			2.38			0.02			0.07						---			18%			47%			-99%			-96%


						Potassium						0.57			1.46			4.03			0.03			0.43						---			157%			610%			-96%			-24%


						Magnesium						0.10			0.09			0.07			0.02			0.21						---			-11%			-31%			-82%			107%


						Calcium						1.04			0.64			0.37			0.19			2.59						---			-39%			-65%			-81%			150%


						ND						0.01			0.01			0.04			0.04			0.39


						Trace						0.07			0.07			0.20			0.20			1.96


						Total Ionics						8.26			15.73			32.73


						Ratio						3.38			6.82			32.30


						Conductivity


						mS / cm						30.86			29.61			5.44			0.09			0.01


						mS / cm / mL						0.31			0.30			0.05			0.00			0.00








Lot 3 Data


			0			0


			0			0


			0			0





Total Ionic


Ratio


Concentration (mg/sq in.)


Solution to Blank Conductivity Ratio








Chart2

		DI		3.38

		10%		6.82

		75%		32.3



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

8.2551724138

15.7327586207

32.733908046



Lot 1 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0587467363

0.0838120104

0.1378590078

1.9892950392

2.7657963446

3.3548302872

0.1971279373

0.1916449086

0.2114882507

2.2806788512

2.9751958225

3.2569190601

0.0279373368

0.145691906

0.4245430809

2.0569190601

0.980156658

0

0

0

0

3.4976501305

5.2924281984

2.3498694517

2.1817232376

2.953002611

3.4832898172

0.5438642298

1.0932114883

1.6409921671

0

0

0

1.0399477807

1.1088772846

0.3485639687

0.0062663185

0.0151436031

0.0046997389

0.780156658

1.1558746736

1.1052219321

2.1018276762

2.3796344648

1.9919060052

0.2326370757

0.4187989556

0.4010443864

1.2279373368

1.8501305483

0.6023498695

3.801305483

4.3882506527

3.0689295039



Lot 1 Chart 2

		DI		15.13

		10%		17.32

		75%		17.55



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

22.0240208877

27.7976501305

22.3825065274



Lot 1 Data

		CSL Bd

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.08		0.14		0.01		0.00				---		43%		135%		-78%		-100%

				Chloride				1.99		2.77		3.35		0.09		0.41				---		39%		69%		-96%		-80%

				Nitrite				0.20		0.19		0.21		0.00		0.00				---		-3%		7%		-100%		-100%

				Bromide				2.28		2.98		3.26		0.00		0.00				---		30%		43%		-100%		-100%

				Nitrate				0.03		0.15		0.42		0.00		0.00				---		421%		1420%		-100%		-100%

				Sulfate				2.06		0.98		0.00		0.00		0.00				---		-52%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				3.50		5.29		2.35		0.03		0.00				---		51%		-33%		-99%		-100%

				Formate				2.18		2.95		3.48		0.03		0.00				---		35%		60%		-98%		-100%

				MSA				0.54		1.09		1.64		0.00		0.00				---		101%		202%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				1.04		1.11		0.35		0.00		0.00				---		7%		-66%		-100%		-100%

				Lithium				0.01		0.02		0.00		0.00		0.02				---		142%		-25%		-100%		150%

				Sodium				0.78		1.16		1.11		0.18		0.93				---		48%		42%		-78%		19%

				Ammonium				2.10		2.38		1.99		0.02		0.07				---		13%		-5%		-99%		-97%

				Potassium				0.23		0.42		0.40		0.03		0.43				---		80%		72%		-89%		85%

				Magnesium				1.23		1.85		0.60		0.02		0.21				---		51%		-51%		-98%		-83%

				Calcium				3.80		4.39		3.07		0.19		2.59				---		15%		-19%		-95%		-32%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				22.02		27.80		22.38

				Ratio				15.13		17.32		17.55

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 2 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.0574468085

0.1127659574

0.1276595745

0.2276595745

0.3404255319

0.6063829787

0

0

0

1.9531914894

2.0829787234

2.4382978723

0

0

0

2.1127659574

1.0829787234

0.0127659574

0

0.0468085106

0.0638297872

1.4170212766

1.5574468085

0.6765957447

1.1744680851

1.4638297872

1.7170212766

0.6872340426

0.8106382979

0.8936170213

0

0

0

0

0

0

0

0

0

0.5957446809

0.7936170213

0.8744680851

1.6

1.6829787234

1.5063829787

0.1723404255

0.1957446809

0.2489361702

0.3276595745

0.6085106383

0.5234042553

1.9276595745

2.5872340426

2.2404255319



Lot 2 Chart 2

		DI		10.67

		10%		10.86

		75%		13.84



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

12.2531914894

13.3659574468

11.929787234



Lot 2 Data

		Phoenix

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.06		0.11		0.13		0.01		0.00				---		96%		122%		-78%		-100%

				Chloride				0.23		0.34		0.61		0.09		0.41				---		50%		166%		-62%		79%

				Nitrite				0.00		0.00		0.00		0.00		0.00				---

				Bromide				1.95		2.08		2.44		0.00		0.00				---		7%		25%		-100%		-100%

				Nitrate				0.00		0.00		0.00		0.00		0.00				---

				Sulfate				2.11		1.08		0.01		0.00		0.00				---		-49%		-99%		-100%		-100%

				Phosphate				0.00		0.05		0.06		0.00		0.00				---		---		---		---		---

				Acetate				1.42		1.56		0.68		0.03		0.00				---		10%		-52%		-98%		-100%

				Formate				1.17		1.46		1.72		0.03		0.00				---		25%		46%		-97%		-100%

				MSA				0.69		0.81		0.89		0.00		0.00				---		18%		30%		-100%		-100%

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.60		0.79		0.87		0.18		0.93				---		33%		47%		-71%		56%

				Ammonium				1.60		1.68		1.51		0.02		0.07				---		5%		-6%		-99%		-96%

				Potassium				0.17		0.20		0.25		0.03		0.43				---		14%		44%		-85%		150%

				Magnesium				0.33		0.61		0.52		0.02		0.21				---		86%		60%		-94%		-35%

				Calcium				1.93		2.59		2.24		0.19		2.59				---		34%		16%		-90%		34%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				12.25		13.37		11.93

				Ratio				10.67		10.86		13.84

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 3 Chart 1

		Fluoride		Fluoride		Fluoride

		Chloride		Chloride		Chloride

		Nitrite		Nitrite		Nitrite

		Bromide		Bromide		Bromide

		Nitrate		Nitrate		Nitrate

		Sulfate		Sulfate		Sulfate

		Phosphate		Phosphate		Phosphate

		Acetate		Acetate		Acetate

		Formate		Formate		Formate

		MSA		MSA		MSA

		Adipic		Adipic		Adipic

		Succinic		Succinic		Succinic

		Lithium		Lithium		Lithium

		Sodium		Sodium		Sodium

		Ammonium		Ammonium		Ammonium

		Potassium		Potassium		Potassium

		Magnesium		Magnesium		Magnesium

		Calcium		Calcium		Calcium



DI

10%

75%

Concentration (mg/sq in.)

0.1482758621

0.2003831418

0.1189655172

1.961302682

5.451532567

14.2637931034

0.012835249

0.05

0.2614942529

0.0536398467

0.1270114943

0.7551724138

0.09348659

0.0787356322

0.1637931034

0.0959770115

0.1942528736

0

0

0

0

0.9630268199

2.1396551724

3.1540229885

1.4149425287

2.7318007663

5.2097701149

0

0

0

0

0

0

0

0

0

0

0.0009578544

0

0.1885057471

0.6641762452

1.9603448276

1.6151340996

1.9067049808

2.382183908

0.5670498084

1.458045977

4.0281609195

0.1021072797

0.0913793103

0.0706896552

1.0388888889

0.6381226054

0.3655172414



Lot 3 Chart 2

		DI		3.38

		10%		6.82

		75%		32.3



&A

Page &P

Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio

8.2551724138

15.7327586207

32.733908046



Lot 3 Data

		RC

				Ion				DI		10%		75%		Rinse		ROSE				DI		10%		75%		Rinse		ROSE

				Fluoride				0.15		0.20		0.12		0.01		0.00				---		35%		-20%		-91%		-100%

				Chloride				1.96		5.45		14.26		0.09		0.41				---		178%		627%		-96%		-79%

				Nitrite				0.01		0.05		0.26		0.00		0.00				---		290%		1937%		-100%		-100%

				Bromide				0.05		0.13		0.76		0.00		0.00				---		137%		1308%		-100%		-100%

				Nitrate				0.09		0.08		0.16		0.00		0.00				---		-16%		75%		-100%		-100%

				Sulfate				0.10		0.19		0.00		0.00		0.00				---		102%		-100%		-100%		-100%

				Phosphate				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Acetate				0.96		2.14		3.15		0.03		0.00				---		122%		228%		-97%		-100%

				Formate				1.41		2.73		5.21		0.03		0.00				---		93%		268%		-98%		-100%

				MSA				0.00		0.00		0.00		0.00		0.00				---

				Adipic				0.00		0.00		0.00		0.00		0.00				---		---		---		---		---

				Succinic				0.00		0.00		0.00		0.00		0.00				---

				Lithium				0.00		0.00		0.00		0.00		0.02				---

				Sodium				0.19		0.66		1.96		0.18		0.93				---		252%		940%		-7%		394%

				Ammonium				1.62		1.91		2.38		0.02		0.07				---		18%		47%		-99%		-96%

				Potassium				0.57		1.46		4.03		0.03		0.43				---		157%		610%		-96%		-24%

				Magnesium				0.10		0.09		0.07		0.02		0.21				---		-11%		-31%		-82%		107%

				Calcium				1.04		0.64		0.37		0.19		2.59				---		-39%		-65%		-81%		150%

				ND				0.01		0.01		0.04		0.04		0.39

				Trace				0.07		0.07		0.20		0.20		1.96

				Total Ionics				8.26		15.73		32.73

				Ratio				3.38		6.82		32.30

				Conductivity

				mS / cm				30.86		29.61		5.44		0.09		0.01

				mS / cm / mL				0.31		0.30		0.05		0.00		0.00





Lot 3 Data

		



Total Ionic

Ratio

Concentration (mg/sq in.)

Solution to Blank Conductivity Ratio




Discussion

These comparisons reveal a specific trend, not obvious from the
|IC results alone.

From the results, the addition of IPA to the matrix appears to allow
for “extraction” of ions from the material itself and not just
“removal” of ions from the material’s surface.

e Lot 3 Results in comparisonto Lot 1 & 2 results

The question of each specific ion’s solubllity in a given extraction
matrix also arises.
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Conclusions

The Theory...

e Deionized water removes all soluble ions from the surface of a
sample, while the addition of IPA only aids in the extraction of
lons from within the sample

With the real-world concern of ionic contamination being its mobility in
the presence of moisture, it seems logical that “testing” with DI water
IS a more realistic choice than testing with an IPA-containing matrix.
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Conclusions

Additional testing will hopefully prove this theory correct.

* This detailed experiment will be repeated on materials that
are impervious, or relatively impervious, to internal
extraction with IPA

— metal, plastic, and possibly glass

Nonetheless, these findings have suggested that IC testing using
differing extraction matrices obtains results which cannot be
directly correlated.
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Conclusions

A plausible, and potentially problematic, scenario...

e Samples produce a “passing” ionic cleanliness result based on
the extract matrix called out in a particular test method or
specification while the same samples would produce a “failing”
result using a different extraction matrix — or vice versa
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Capabiltiies

Chemical Analysis
Electrical/Electronic
EMC

Environmental
Failure/Contamination
HALT/HASS

Lead Free/Tin Whisker
Mechanical

Printed Circuit Board
Reliability/Durability
SLA/Rapid Prototyping
Thermal Analysis
Underwriters Laboratories
Vibration/Shock

Water Testing

X-Ray




For more information, please visit www.nts.com
Or contact:

Keith Sellers, Managing Scientist
keith.sellers@nts.com

John Radman, Senior Technical Director
john.radman@nts.com

(410) 584-9099
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