THE SEPARATION OF COSMOGENIC 10BE AND 26AL

Friedhelm von Blanckenburg GFZ Potsdam
Updated 11-01-2011 by H. Wittmann and FvB 
SAMPLE LEACH 
Final Quartz Leach
1.) Take precise weight of 90 ml or 240 ml Savillex beaker including lid (max 50g Qtz in 90ml Savillex beaker, max ca. 120 g in 240 ml beaker) by using all Anti- Static Gear
(240 ml beakers cannot be weighted on precise balance including sample weight!)

Take beakers to room C366 (on tray covered with KoTon), transfer sample carefully (put beaker
including some water onto balance, zero balance), record preliminary weight of beaker + sample
Make sure that sample is homogenized before transfer!
Back in clean lab, wipe beakers first from outside before proceeding.
Add 7M HF (p.a. grade quality) so that sample is just all covered with HF plus 5 mm excess liquid height (28M HF: Milli-Q H2O = 1 : 3) 
Heat 1 hour maximum 120°C with lid closed, cool down
Decant acid into waste without losing sample, rinse 1x with Milli-Q H2O into waste
Rinse 2x with Milli-Q H2O

2.)        Add Aq. Regia so that sample is just all covered with acid plus 5 mm excess liquid height (14.4M HNO3 : 6M HCl = 1 : 3, p.a. grade quality; or 

14.4M HNO3 : 12M - 37% - HCl = 1 : 1.5)
Cold without lid until gas gone (~30 min)

Minimum 1 hour hot (120°C) with lid closed
Decant acid into waste without losing sample, rinse 1x with Milli-Q H2O into waste
Rinse, shake thoroughly (4-5x) with Milli-Q H2O

Dry sample in open Savillex Beaker on hotplate 
Let beaker cool down

Do NOT touch beaker with gloves on, be extremely careful when touching the beakers
Take precise weight (beaker + lid + sample) by using all Anti- Static Gear
Reagent quality

From hereon use p.a. grade quality HF, but better quality acids (s.p. or equivalent distilled acids) for HCl and HNO3 and other reagents, and use Milli-Q H2O

SAMPLE DECOMPOSITION 
1.) 
Carrier addition
Add carrier amount depending on AMS requirements, take precise weight

ETH-AMS: add 0.4 ml of Carrier (c= 370 ppm), results in 0.15 mg total Be 
Alternative: add carrier after dissolution (see step 2d). 
This is required if natural Be content shall be determined with the Al concentration measurement. 
2.) 
HF Addition - Principles
Stochiometric reaction: SiO2 + 4 HF -> SiF4 + 2 H2O

Need 116 ml 28M HF for 50 g Quartz
2. a)
Multiple HF Addition Method
Add 28M HF so that sample is fully covered with acid plus 5 mm excess liquid height.
1st and 2nd additions: strong exothermic reaction; do not heat; add HF in increments!
Heat (140°C) without lid, evaporate to dryness (120°C) 
3rd addition: add HF 2x that of Qtz volume, put open beaker on hot plate and evaporate
Repeat if not all Qtz is dissolved

Dry down. Don't loose any sample flakes! Do not touch open beaker with gloves!
2. b) 
Alternative: Single Step dissolution method
Take 240 ml Savillex beaker
Add 1x stochiometric amount of HF. CAREFUL! Place open sample beakers into
           cold water bath minimum 1 hour.
Add again 1x stochiometric amount of HF. Carefully swirl the closed sample to
                       homogenize.
            Place open sample back into cold water bath for minimum 2 hours.
Close beaker and place on hotplate (140°C) until sample is dissolved (min. 36 hrs)
Evaporate at 120°C 

Don't lose any sample flakes! Do not touch open beaker with gloves!

2.c) 
Option: Aliquot Al and natural Be: 
Take aliquot of dissolved sample from HF to determine Al content and (if required) native Be content (only if no carrier has been added so far) and other elements for purity check: 

Make sure that ALL sample is dissolved. No residue visible. Works best if HF amounts are large.

Make sure beaker is fully closed.

Put beaker on less-precise balance, take total sample weight

Under fumehood, transfer aliquot into tube of known weight of about 1/100 of total
                       sample, take weight of tube + sample. Dilute strongly prior ICP-OES!
Evaporate remaining sample at 110°C.

2.d) 
Alternative Carrier Addition Step (step 1 skipped): - Add carrier (after dissolution), take precise weight, proceed with sample conversion
In any case, sample should be dissolved before proceeding
3. a)
Sample conversion (can be skipped if BeF2-Leaching is used –proceed to 3b)
Add ~20 ml Aq. Reg. (6 ml 14.4M HNO3 and 12 ml 6M HCl)
Hot until all residue dissolved 

Evaporate gently (no more than 110°C!! - Al is volatile in HNO3)
Add 10 ml 6M HCl 

Transfer into cleaned 15 ml centrifuge tubes, centrifuge 5 min, 3000 rpm
Proceed with Fe column
3. b)
Optional BeF2-Leaching (only when NO Al-chemistry is done; carrier must have been added prior dissolution). Do NOT add Aq. Reg. to sample (skip 3a).
Add 10 ml H2O to fluoride cake, heat gently for 1 hour (closed beaker; 80°C)
Transfer solids and liquid into cleaned 15 ml centrifuge tube, centrifuge 5 min, 
             3000 rpm
Pipette off supernate (containing water-soluble BeF2, TiF4, Fe(II)F2 but no AlF3) into

            cleaned 50 ml pink centrifuge tube

Add 12 ml 11.5M HCl, homogenize
Centrifuge briefly (1 min; 3000 rpm) to remove droplets on tube rim.
Wait for ~1 hour, proceed with Fe-column
4.)
Option: Al-Aliquot for stable Al determination on ICP-OES
Label 15 ml cleaned centrifuge tubes for Al-TSS, place empty tube on precise balance, 
zero balance

Label cleaned 60 ml bottle for Al-aliquot, place on second (less precise) balance, 
take bottle weight, then zero balance

Transfer sample solution (in 6M HCl prior Fe column) into small tube, leave undissolved residue behind, take weight of TSS (total sample solution), 
zero balance
Take 200 µl aliquot, transfer into 60 ml bottle, take weight of Al aliquot
Add 5 ml 3M HNO3 to Al aliquot (storage in strong acid to prevent adsorption of Al)
Before OES: dilute to 0.3M HNO3 by addition of 45 ml Milli-Q H2O, weight bottle.
SEPARATION OF 10BE AND 26AL 

Prior column chemistry, samples should be check for purity using ICP-OES. Take aliquot of samples (max 1/100 of sample), dilute to 0.3 M HNO3, min. 3.5 ml for measurement. Cation load (MEQ) should be calculated prior Be column to avoid overloading Be columns. 
Column chemistry
1.)
Column Fe
2 ml Biorad 1-X8 100-200 mesh in small columns stored in H2O

Sample is in 10 or 22 ml 6M HCl (amount does NOT matter for Fe column!)
Prior column: Preclean Savillex beakers (from decomposition) by: -wipe out beaker with Ethanol, - rinse with Milli-Q H2O, - add 10 ml 3M HCl, heat for several hours, decant acid into waste, rinse 1x with Milli-Q H2O
Open column and let H2O drop out

5 + 5 ml 

0.3M HCl
clean resin

2 + 2 + 2 ml 

6M HCl
condition resin

Load sample 
collect Be (+Al) in beaker from decomposition
2 + 2 + 2 ml

6M HCl
collect Be (+Al) in beaker from decomposition
5 + 5 ml 

0.3M HCl
clean resin

Seal and store column in Milli-Q H2O

Evaporate sample (120°C) 
Add 4 ml 0.4M Oxalic Acid on sample (use 20 ml when 5 ml Be columns are used)
Warm closed to 60° for ~2 hours
Cool down, transfer to 15 ml centrifuge tube, centrifuge 5 min, 3000 rpm, 
Load supernate only to Be column (precipitate does not contain Be)
2. a)
Small column Be (clean samples: total cation load <1meq)
1 ml Biorad AG50-X8 200-400 mesh in small columns stored in H2O

Sample in 4 ml 0.4M Oxalic Acid (amount of oxalic acid is not critical and can be increased if sample is not completely dissolved)

Prepare centrifuge tubes for storing all acid fractions during Be column in case Be elutes early/ late (in case column capacity was exceeded)

Open column and let H2O drop out

2 + 3 ml 

5M HNO3

clean resin

2 + 3 ml 

Milli-Q H2O

remove HNO3 from resin

2 + 3 ml 

0.4M Oxalic Acid 
condition resin

Load sample




collect Al
1+ 1 ml 

0.4M Oxalic Acid
collect Al
5 + 5 ml 

0.4M Oxalic Acid
collect Al (elute Fe, Al, Ti)
1 + 2 ml 

Milli-Q H2O

remove Oxalic Acid from Column

2 + 2+ 4 ml 

0.5M HNO3 

elute Na

3 + 3 +5 ml 

1M HNO3

collect Be in 15ml centrifuge tube
5 + 5 ml 

5M HNO3 

clean resin

5 ml 


H2O 


remove 5M HNO3
Seal & store column in Milli-Q H2O
Go to Be precipitation directly (step 4a)
Check purity by taking small aliquot of sample and measure at OES. Sample should be free of all ions, but most importantly of Ti, Fe (these reduce currents during AMS runs).
2. b)
Large column Be (dirty samples: total cation load >1 meq; max 5 meq)
5 ml Biorad AG50-X8 200-400 mesh in large columns stored in H2O

Sample in 20 ml 0.4M Oxalic Acid (amount of oxalic acid is not critical and can be increased if sample is not completely dissolved)
Prepare centrifuge tubes for storing all acid fractions during Be column in case Be elutes early/ late (in case column capacity was exceeded)

Open column and let H2O drop out

10 + 15 ml 

5M HNO3

clean resin

10 + 15 ml 

Milli-Q H2O

remove HCl from resin

10 + 15 ml 

0.4M Oxalic Acid
condition resin

Load sample 




collect Al
5 + 5 ml 

0.4M Oxalic Acid
collect Al
25 + 25 ml 

0.4M Oxalic Acid
collect Al (elute Fe, Al, Ti)

5 + 10 ml 

Milli-Q H2O

remove Oxalic Acid from Column

15 + 25 ml 

0.5M HNO3

elute Na

10 ml 


1M HNO3 

wash





20 + 15 + 10 ml 
1M HNO3

collect Be in precleaned beaker from
                                                                        decomposition
20 + 20 ml 

5M HNO3 

clean resin

5+5 ml 

H2O 


remove 5M HNO3
Seal & store column in Milli-Q H2O
Dry down sample, take up in 11 ml 1M HNO3, and go to Be precipitation (step 4a)
Check purity by taking small aliquot of sample and measure at OES. Sample should be free of all ions, but most importantly of Ti, Fe (these reduce currents during AMS runs).
3.)
Column Al (for AMS determination of 26Al)
1 ml Biorad AG1-X8 100-200 mesh in small column stored in H2O

Sample is in 0.4M Oxalic Acid from Be-column
Mixture of 0.05M Oxalic Acid and 0.5M HCl is prepared by mixing equal amounts of 0.1M Oxalic Acid and 1M HCl
Open column and let H2O drop out 
2 ml 


Milli-Q H2O

clean resin
5 + 5 ml 

0.3M HCl 

clean resin
2 + 2 ml 

H2O


remove HCl

2 + 2 + 2 ml 

0.4M Oxalic Acid
condition resin
Load sample




save effluent in case Al elutes early
4 + 2 ml 

0.05M Ox/0.5M HCl
wash, save effluent in case Al elutes early

5 + 5 ml 

0.05M Ox/0.5M HCl
collect Al

5 + 5 ml 

0.3M HCl

elute Ti

Seal and store column in Milli-Q H2O
After Al column, dry down sample in Savillex beaker

Add 2 ml Aq. Reg. (14.4M HNO3: 6M HCl = 1:1) to destroy Oxalate crystals
Evaporate to dryness (no more than 110°C!)
Repeat once

Add 1 ml 14.4M HNO3 and 1 ml H2O2 
Evaporate to dryness (no more than 110°C!)
Repeat 2x
Go to silver addition
4. a)
Be Precipitation 
(Aim: leave remaining 1+ and 2+ cations in solution)
Sample is in 11 ml 1M HNO3 after Be column

Dilute suprapure NH4OHconc : Milli-Q H2O = 1 : 1
Add diluted NH4OH to sample, ca. 0.22-0.25 ml Ammonia to each ml 1M HNO3 until pH ( 10
Shake when NH4OH is added. Wait for ~10 min (let samples sit).
Centrifuge (a white jelly-like substance should be visible at the tube bottom. If no precipitate is
      visible, add some more NH4OH, centrifuge again)
Pipette off supernate; leave some liquid on top of supernate, do not suspend any precipitate
Redissolve precipitate in 5 ml 1M HNO3

Repeat precipitation to pH ( 10
Centrifuge

Pipette off supernate (keep supernate in 50 ml tube in case Be does not precipitate)
Wash precipitate in Milli-Q H2O with pH of ~9 (by adding 75 µl to 500 ml H2O)
Centrifuge

Pipette off supernate (keep supernate in 50 ml tube in case Be does not precipitate)
PREPARATION OF SAMPLES FOR AMS MEASUREMENTS 

1.)
Silver addition (for ETH-AMS only)
Silver solution: Prepare fresh solution for each batch

157 mg AgNO3 into 10 ml 5M HNO3, shake; let substance dissolve
10Be: add 0.3 ml Ag solution to precipitate in tube
(Aim: Ag : Be = 20 : 1 => for 0.15 mg Carrier)

26Al: add 0.5 ml Ag solution 
(Aim: Ag : Al = 5 : 1 => for 1 mg “Al-Carrier”)

Transfer to DRY Quartz crucible (shake off water, in metal holder, label the holder!), homogenize
Let crucibles adjust to heat (for first 30 min, do not heat more than 70°C)

(If some sample was spilled outside of crucible into holder or if the crucible was still wet outside, 
       be extremely careful- the crucibles can be pushed out of the holder!)
Dry samples on hotplate in holder at ~120°C
2.)
Oxidization over Bunsen burner (>1000°C) or camping cooker 
(ethane or butane/propane mix works best)
Wear dust mask; Use Pt-coated tongs.

15 sec drying sample outside of flame

1 min in blue part of flame 
Cover crucible with lid and fix with parafilm (samples can now be stored)

For next step, go to room C263

3.)
Target (for ETH-AMS only)
Work with dust mask, turn off fume hood
Clean targets with Aceton, make sure all Aceton is gone before target packing
Clean all instruments with Aceton
Scratch down sample with spatula

Load sample from rear in cleaned target with spatula, use cleaned steel plate coated with Al foil
Hammer often but slightly, press sample down into target
Add sample, then fill hole from rear with excess Cu (63µm; p.a. quality)
Label target on the front face with sample number
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With help from: Mirjam Schaller, Veerle Vanacker, Kevin Norton, Jérôme Chmeleff, Dirk Scherler
HF warning!


Please note that HF is an extremely dangerous acid! Please wear full protective clothing. Do not inhale fumes. Do not work with strong HF during off-hours. Make sure a second person is within earshot while working with concentrated HF.





Be warning!


Please note that Be dust is highly carcinogenic. Please were gloves, goggles, and dust mask 
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