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In-situ qualitative XRF analysis of inks at USHMM

Bruker Tracer Handheld XRF
Rh tube, 300 sec. exposures




Qualitative XRF analysis of the Wolf Diary

Book I, section 1, 7 Nov. 1942 Book I, section 8, 20 August 1944
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XRF spectra of Wolf Diary 1, Sec. 1, Nov. 7, 1942
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XRF spectra of Wolf Diary 1, Sec. 1, Nov. 7, 1942
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XRF spectra of Wolf Diary 1, Sec. 1, Nov. 7, 1942
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Wolf Diaries: XRF subtraction spectra of average ink

readings from various pages (ave. paper subtracted)
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Wolf Diaries: XRF subtraction spectra of average ink

readings from various pages (ave. paper subtracted)
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Wolf Diaries: XRF subtraction spectra of average ink

readings from various pages (ave. paper subtracted)
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—— Diary 3, last entry,
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Qualitative XRF analysis of the Mandel postcard
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INCHES

13.9cm x 9.2 cm

Blue ink of text (recto and verso)
Brown-black redaction ink (verso)
Red Gestapo stamp ink (recto)

Red printing ink of postcard
(recto)

Black postal cancellation stamp
Ink (recto)

Grey-black typewriter ink (recto)

Grey pencil marks (recto)



Subtraction spectra of three inks (paper-subtracted)

from Mandel postcard
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XRF-derived, elemental intensity ratios

In paper and Inks

paper paper paper blue blue blue blue censor  censor

1 2 3 ink 1 ink 2 ink 3 ink 4 ink 1 ink 2
Ca/Cl 4.9 4.8 5.4 6.0 6.7 6.0 6.0
Cal/S 8.4 8.0 8.6 21 18 31 20 0.19 0.13
FelS 7.8 7.3 7.6 3.5 4.1
Fe/K 6.3 5.3 6.5 6.5 7.0
Fe/Ca 0.93 0.91 0.89 18 31
Fe/Mn 4.2 4.0 3.4 0.70 0.75
Fe/Si | 6.7 6.9 7.0 220 120

paper

Inks:




XRF-derived, elemental intensity ratios

In paper and inks

blue blue blue blue censor  censor

ink 1 ink 2 ink 3 ink 4 ink 1 ink 2
Ca/Cl 6.0 6.7 6.0 6.0
Cal/S 21 18 31 20 0.19 0.13
FelS 3.5 4.1
Fe/K 6.5 7.0
Fe/Ca 18 31
Fe/Mn 0.70 0.75
Fe/Si 220 120




XRF-derived, elemental intensity ratios

In paper and inks

paper paper paper blue blue blue blue censor censor
1 2 3 ink 1 ink 2 ink 3 ink 4 ink 1 ink 2

Ca/Cl 4.9 4.8 5.4 6.0 6.7 6.0 6.0
Cal/S 8.4 8.0 8.6 21 18 31 20 0.19 0.13
FelS 7.8 7.3 7.6 3.5 4.1
Fe/K 6.3 5.3 6.5 6.5 7.0
Fe/Ca 0.93 0.91 0.89 18 31
FeMn | 42 40 34 070 0.75
Fe/Si | 67 69 7.0 220120




Preliminary results of ESEM/EDS of the postcard

3:46:21 PM [20.00 kV [10.5 mm| 6.0 |85.8 pm



Preliminary results of ESEM/EDS of the postcard

Blue ink: almost invisible to
SEM: likely organic-based

- similar elements to XRF

- Ca- and S-rich particles in
areas where blue ink
suspected (gypsum as
additive or product?)

Brown-black censor’s ink:

- surface cracked; particles

around cracks

- elements detected by EDS

generally agree with XRF 2 Electron Image |
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Preliminary results of ESEM/EDS of the postcard

Blue ink: almost invisible to
SEM: likely organic-based

- similar elements to XRF

- Ca- and S-rich particles in
areas where blue ink
suspected (gypsum as
additive or product?)

Brown-black censor’s ink:
- surface cracked; particles
around cracks

- elements detected by EDS
generally agree with XRF e
- hexagonal Mn-rich particles S s
- rod-shaped S-, K-, Ca-rich e T
crystals near cracks

Miscellaneous feature:

- Pb-Sn patrticles, possibly
metal particles deposited from
printing process -

4122009 | HV WD |spot| det HFW 1 mm
2:25:55 PM | 20.00 kV|10.5 mm| 6.0 | DualBSD |3.87 mm




Follow-up analyses of Mandel postcard at LC:
Hyperspectral Imaging (HSI)
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Follow-up analyses of Mandel postcard at LC:
Hyperspectral Imagin




Conclusions




Conclusions and On-going Work
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Radomsko 9 April 41
USEUM P

Dear and lovely Sister,
| can write that | received your postcard and
we warmly thank you. You are ask how we

are doing. | can write you can
imagine we are already

?? Dear sister! You understand that | am
writing because | am asking for some help.
You know me, and | expect you to not forget
about me, your sister.

BROKER

. I am endlng thls by
sendlng greetlngs from far away for your and
my entire family. Greetings for everybody.
Your unforgettable sister Estera.

Estera
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