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Researchers from CEM and DuPont have worked together to determine if it Is possible to use a fluoride surrogate other than — P~
hydrofluoric acid (HF) in sample preparation. Total dissolution of a sample matrix is critical to ensure accurate data, and this study ‘v'
Investigated two promising, commercially available HF alternatives. Our team used titanium dioxide with trace levels of aluminum and

silicon as target analytes for this experiment. Ammonium bifluoride (NH,HF,) and fluoroboric acid (HBF,) were chosen as fluoride

sources and validated against digestions with HF. All samples were prepared with a MARS 6 microwave digestion unit and analyzed

with a Perkin Elmer Optima 5300 ICP-OES.
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Researchers from CEM and DuPont have worked together to determine if it is possible to use a fluoride surrogate other than HF In
sample preparation. Total dissolution of a sample matrix is critical to ensure accurate data, and this study investigated two
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promising, commercially available HF alternatives. Our team used titanium, silicon and zirconium dioxide as target analytes for this
experiment. Ammonium bifluoride (NH,HF,) and fluoroboric acid (HBF,) were chosen as fluoride sources and validated against
digestions with HF. All samples were prepared with a MARS 6 microwave digestion unit and analyzed with a Perkin Elmer Optima

5300 ICP-OES.
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What is the chance of detecting a difference? sample size of 127
< 40% B0% 90%  100% Difference Power

1.1017 1.6182 L.2378 70.0

For alpha = 0.05 and sample size = 12; Lt L

1.6182 20.0

If the true means differed by 1.1017, you would have a 80%
chance of detecting the difference with a paired test, If they
differed by 1.6182, you would have a 909 chance.

Power is a function of the sample size and the standard deviation, To detect a difference smaller than 1.3969, consider increasing the
sample size,

Paired t Test for the Mean of TiD2 HF and Ti0D2 HBF4
Diagnostic Report

Paired Data in Worksheet Order
Investigate pairs with unusual differences (marked in red).

Experimental Design
Each sample was prepared and analyzed 12 times using HF, NH,HF, and HBF, as the principle
solvent. A MARS 6 chemical microwave was used ramping to a temperature of 210°C and
holding for 30 minutes.

Paired t Test for the Mean of Si02 HF and Si02 HBF4
Diagnostic Report

Paired Data in Worksheet Order
Investigate pairs with unusual differences (marked in red).

Observations:

A Pairedt Test was used to determine If the data was the same or different from the HF
results.

» The experiment worked with the NH,HF, and SiO,. The data suggest that the two digested
samples are statistically the same.

« Zr did not go into solution with the HBF,,.

» The TIO, data comparing the three solvents showed that the NH,HF, and HBF, data
compared to one another however they were both lower that the HF data.

» HF out performed the other solvents in every case.
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What is the chance of detecting a difference? sample size of 127
< 40% 60% 90%  100% Difference Power
0.26807 0.39375 0.30113 0.0
: 0.33939 30.0
For alpha = 0.05 and sample size = 12 0.38375 0.0
If the true means differed by 0. 26807, you would have a ' '
60%: chance of detecting the difference with a paired test, If
they differed by 0.39375, you would have a 90%: chance.
Power is a function of the sample size and the standard deviation. To detect a difference smaller than 0. 33989, consider increasing the
sample size,
Paired t Test for the Mean of Si02 HF and Si02 NH4HF2
Diagnostic Report
Paired Data in Worksheet Order
Investigate pairs with unusual differences (marked in red).
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What is the chance of detecting a difference? sample size of 127
< 40% 60% 0%  100% Difference Power
16367 2,4922 15080 .0
For alpha = 0.05 and sample size = 12 SLEE £L
' ' 2,4922 Q0.0

If the true means differed by 1.6967, you would have a 60%
chance of detecting the difference with a paired test, If they
differed by 2.4922, you would have a 90%: chance.

Power is a function of the sample size and the standard deviation. To detect a difference smaller than 2. 1513, consider increasing the
sample size,
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What is the chance of detecting a difference? sample size of 122
< 40% 60% 90%  100% Difference Power
0.96633 1.4194 10853 0.0
. 1,2252 30.0
For alpha = 0,05 and sample size = 12; | 4194 0.0
If the true means differed by 0.96633, vou would have a
60% chance of detecting the difference with a paired test, If
they differed by 1.4194, you would have a 90% chance,
Power is a function of the sample size and the standard deviation. To detect a difference smaller than 1.2252, consider increasing the
sample size,
Paired t Test for the Mean of Sand HF and Sand NH4HF2
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If the true means differed by 1.4025, you would have a 60%
chance of detecting the difference with a paired test, If they
differed by 2.0800, you would have a 90% chance.

Power is a function of the sample size and the standard deviation, To detect a difference smaller than 1.7783, consider increasing the
sample size,

Paired t Test for the Mean of ZrO2 HF and ZrO02 NH4HF2
Diagnostic Report
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Conclusions:
* HF is still the best solvent for total dissolution of titanium, zirconium and silicon.
* We pushed the limits of the solvents by using the most concentrated source of the element
of interest, further testing Is needed.

 Repeat the experiment using samples where Ti, Zr and Si are at a much lower level..
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If the true means differed by 1.5059, you would have a 60%
chance of detecting the difference with a paired test. If they
differed by 2.2119, you would have a 90% chance.

Power is a function of the sample size and the standard deviation. To detect a difference smaller than 1.9094, consider increasing the
sample size.

* Lengthen the microwave program from a hold of 30 minutes to 45 to see Iif that makes a

Path Forward:

difference




Researchers from CEM and DuPont have worked together to determine if it Is possible to use a fluoride surrogate other than
Total dissolution of a sample matrix is critical to ensure accurate data, and this study

hydrofluoric acid (HF) in sample preparation.

Quantitative Trace Metals Analysis using Hydrofluoric Acid Alternatives

Jane Ramsey and Thomas Connell - E. I. du Pont de Nemours and Company
® Daniel Ilversen, and Michael Karney - CEM Corporation

| N
A &

-
w
A/

=

Investigated two promising, commercially available HF alternatives. Our team used titanium, silicon and zirconium dioxide as target
analytes for this experiment. Aqueous ammonium bifluoride (NH,HF,) and fluoroboric acid (HBF,) were chosen as fluoride sources
and validated against digestions with HF. All samples were prepared with a MARS 6 microwave digestion unit and analyzed with a

Perkin Elmer Optima 5300 ICP-OES.

Experiment #1 — Focus on an all inclusive method

« TIO,, ZrO,, SIO, and Silica Gel were prepared as follows:
* 0.7gNH,HF, 6 mL H,O, 3 mL HCL, 1 mL HNO;
* 15mLHBF, 3mLHCL, 1mLHNO,
« 3mLHF 3 mLHCL, 1 mLHNO,
« Each set of 12 were ramped to 210°C and held for 30 minutes.
* Experiment Failed
 HF provided the best recovery in every case

Experiment #5 — Focus on TiO,

* Increase NH,HF, to 1 g, temperature at 230°C for 30 minutes
* Increase HBF, to 20 mL, temperature at 230°C for 30 minutes
« Experiment failed
 NH,HF,and HBF, compared well to each other, however HF had the best recovery.

Experiment #2 — Focus on an all inclusive method

 Repeat Experiment #1 using less sample (0.1g) and a longer digestion time (60
minutes)
« Experiment failed
 HF provided the best recovery in every case

Experiment #6 - Focus on TiO,

* Increase NH,HF, to 3 g, temperature at 230°C for 30 minutes
» Success! HF and NH,HF, compared favorably

Experiment #3 — Focus on an all inclusive method

 Repeat Experiment #2 and increase microwave temperature to 230°C, keeping
sample size and length the same.
« Experiment failed
 HF provided the best recovery in every case

Experiment #4 — Focus on ZrQO,

* Increase NH,HF,to 1 g, keep temperature at 230°C for 30 minutes
« Experiment failed
« ZrO, + NH,FHF => (NH,)ZrF, + H,O
«  Ammonium hepafluorozirconate decomposes at 250°C
* One set of sample was digested at 260°C and Zr recoveries were comparable to
the HF digestion

Paired t Test for the Mean of TiIO2HF and TiO2 NH4HF2
Summary Report

Paired t Test for the Mean of TiIO2HF and TiO2 NH4HF2
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Paired Differences
Is TIO2HF greater than TiO2 NH4HF2? *Paired

62 + TIOZHE 0 005 01 - 05 Statistics Differences

@ TiO2 NH4HF2
61 [ I
Statistics TiO2HF TiO2 NH4HF2

59 Mean 60.133 60.642
Standard deviation 0.62861 0.73541

Sample size 12

Mean -0.50833
ves No 90% CI (-0.98372, -0.032951)
[ ] P =0959 Standard deviation 0.91697

The mean of TIO2HF is not significantly greater than the mean of

TiO2 NH4HF2 (p > 0.05). *Difference = TIOZHF - TIO2 NH4HF2

Individual Samples

Distribution of the Differences
Where are the differences relative to zero?

0 Comments

+ Test: There is not enough evidence to conclude that the
What difference can you detect with a sample mean of TIOZHF is greater than TiO2 NH4HF2 at the 0.05 level
< 40% 60% Power 90% 100% size of 127 I of significance.

' + CI Quantifies the uncertainty associated with estimating the
I . l mean difference from sample data. You can be 90% confident
60% that the true mean difference is between -0.98372 and
-0.032951, and 95% confident that it is greater than -0.98372.
+ Distribution of Differences: Compare the location of the

What is the chance of detecting a difference?

Difference Power

0.61279 70%

0.70277 80%

0.53597  pifference 0.82772 082772 90% differences to zero. Look for unusual differences before

For o = 0.05 and sample size = 12: interpreting the results of the test.

If the true mean of TIO2ZHF were 0.53597 greater than TiO2 NH4HF2, you would
hawve a 60% chance of detecting the difference with a paired test. If TIO2HF were
0.82772 greater than TiO2 NH4HF2, you would have a 90% chance.

Observed difference = -0.50833

Power is a function of the sample size and the standard deviation. To detect smaller differences, consider increasing the sample size.

Conclusion and Path Forward

» ZrO, does not work with NH,HF, or HBF,

» Good recovery on TiO, with NH,HF, — repeat using 24 samples vs 12 to confirm
findings.

» Continue to work on SIO, and Silica Gel with the HF alternatives
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