Written in the first half of thecl€ nt ury by t he Jesui't Fat her Ant - ni o Pessoa, N Oechnical ghotagpaphynagesRvera takercuader shaurallight witlaasNikdn ®3100aamera Wik mMik@bIBSAS o
encompasses different pedagogical topics as o rbeuseadgmpmmhoy parctanent. b and Machikanr4D mrh i SGERABX depses, fixat on aecalugnn stand. 6@ 200 was usedffor normal imodg with
Codex is nowadays preserved in the Public Library of Evora but most of its prior custody and usage is unkmolablyTiseddokawsesiagogicadff/10.

context, whether teaching or m[4$iBrom a conservation point of view, the book represents an interesting case study since the use of |GPpégaloMigfesaapy (OMamMplesvere examined with reflected light at 20x magnification with a Leica M205C sterec
results: while the first half of the book is very well preserved, the second part presents dramatic degradat@iowatterossocipaper strength afidgges were captured with a Leica DFC 290 HD digital camera and processed with Leica Application Suite Softwe
fragmentation on the inked areas. VRSEM/ED&Sn HITACHIZE 00N variable pressure SEM coupled to a Bruker Xflash 5hd0eesigsgiRay spectrometer
ugpler a pressure of 40 Pa was used. The resolution of the EDS detector is 128 ieatribegiocKleration voltage of
29.0 k%/ﬁ/v%s uslednf?(r 81% checmcl)czfll %nal¥§es gngl {Jmfigéng In the backscattered mode.

uPlﬁ(tE:a Van de Graaff accelerator producing 2 MeV protons was used for analysis. RBS and PIXE measurements
r‘(iyormal iIncidence using an Oxford Microbeams nuclear micagproleee Xetected with a 30Bruker SDD detector with

| _ | | | o | | | 145 eV resolution, positioned at 135° with the beam direction and at a distance of 20 mm from the sampleedhile
Using microscopic and spectroscopic techniques, narrelyrianioransform infrared spectroseepiR(uand scanning @t microscopy coupled W"Barticles were detected with a 2@BIR@detector with 30 keV resolution, positioned at 140° scattering angle in Corn

energydispersive-iy spectroscopy {SEM/EDS), a selection of samples from the Codex was analyzed to gather hefGumiainennoorphology angngd at a distance of 50 mm from the sample. The beam current was about 100 pA and the acquisition time was ak

the chemical composition of the ink and the support, and the observed pathologies. Rastieraismoegd IXE) wasius try to establish differencesFFIRATR: analyses were performed using a Briker HY PERIONRIS: dmeter equipped with a MCT detector ¢
in the ink composition from different pages of the book. Preliminary results showed that different inks wattnuserkandtawenented, to the b@gth liquid nitrogen and a x20 ATR objective (Germanium crystalofvidiaBtter) in thelRATR mode. Spectra were

of our knowledge, was probably performed on the manuscript. acquired in the range of €300cr, with 4 cAspectral resolution and 64 scans.

To prepare |Gl inks, oak galls were used and iron, as green vitriol (ferrous sulphate) and sometimes &alt® ppetlzardzatalsvere added to ad]
the final hue of the ink. Gum Arabic, the most frequently used binder, was added to increase the vistiosity, datilitating e 1 nk [ 2]
vary from blue to dark violet, and after deposition onto the substrate, it turned to different hues of soiwf oxldatkmasfdtiheugh it was first tho
as a lompsting ink, its degradation effects were rapidly brought to light .
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surface degradation

a-C)
Codex 99 of Manizola collection 1 paper discoloration close to ink lines;
7 Ink halos:

7 burnathrough due to ink acidity;

7 local brittleness of paper resulting in cracks and/or loss 0
paper support;

d, f) crystalline deposits on the inked surface

photographic detalils & samplistefeomicroscopy (20x) - .
iInk aspect and texture

d, DHfilm of variable thickness covering the paper fibers
completely, with a flaked texture, craquelure appearance anc
glossy shine;

f.156r

f119r f119r

e)ink migration to the back of the page;

paper presenting no fillers or few amount of them, made up of uninked areas samples Inked areas particles rich in b c, evere - X-ray energy spectra from uninked and inked areas

fibers. including h inen. | | no brokenfib only found in the inked aregs.
rags fi e.rs including hemp or linen. In general, no broken fibers - | _ I They are probably B £119r £148r
were noticed.

contamination from the writling
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_ »  tools, such as the inkwells| or e EK:"‘:Q Eg — uninked area
_ _ g the ink production process. | _ = | I T
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voh e ! cell nored| 1o the amounts of Fe, Cu, Zn are much higher in the inked areas than the uninke
$ yphaes and fungal cells anchored|to _ _ o _
: N the ink filrfb, c)and embedded in the| " Pb was only found in the inked areas, confirming the EDS results;
& paper matri). v the amounts of Cr, Ni and Pb in the inked areas from different samples are slic
. . . . different
s Ca Microrganisms grew both in uninked
0

and inked areas.
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lime was frequently used in the process of paper manu
and calcium could later react with atmospheric sulphur SMEIES
with formation of calcium sulphate particles. Nevertheless,
calcium sulphate could also been deliberately used as
Calcium sulphate particles are deposited in the surface
paper fibers but they can also be found in interior layer

1y 20.0kV 7.8mm x4 50k BSE3D 40Pa

magnesium sulphate particles foup
across the paper surface
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uninked area inkede area

Mg and S elemental maps showing particles of
magnesium sulphate. Particles where overlap of Fe and
Zn occur, confirmed that ink migrate to the surrounding
areas.

the elements under study are not homogeneously distributed in the inked surface;

=

irongall ink of sample 5 undoubtedly contains Zn;

=

1 Sis due to the use of iron sulphate in the ink preparation;

7 Ca and K were probably employed as fillers in the binding medium;

f.119r f.156r

typical features of geladined papersamide . . :
P J Pap - elemental concentration ratios for inked areas on samples 1, 5 and 6

| , Il and Ill bands at 1658, 1542 and 426 cm
0,800
_ o . the ratios between the selected
s 0,500 elements present different values
< 0,400 . . .
0,300 o except for the Cu/Fe ratio, pointing out
gigg . a g that different inks were used in those
0,000 ; - . = folios.

| 1 | |
2000 1800 1600 1400 1200 1000 800 SIFe  Culfe  ZnlFe  PblFe
Wavenumber (cm)

¢ bands at 1658 ¢ifuC=0) aromatic 1426'@@=CC) and 1350 érfuC-O) are bands of gallotannins on the writing ink. The presence ef-a
band at 1631 én the uninked area could indicate gelatine sizing as well as ink migration [3, 4];

1 the presence of a gum as a binding medium is evidenced in the inked area by the broader absortiomyéhet 3832 86000 This multinalytical approach comprised the use of technical photography and optical microscopy, SENVEBRSoBEXEharatierization of

and a very weak absodiGii, typical of a carbohydrate ul¥O andC-O bands can also contain a contribution froni4he gum the paper support and the writing ink of a seve oritwasmdehof rags
¢ bands at 1080, 1000@ns-O) and 630 chidS-O)can be attributed to sulphates [4]; fibers and some fillers as calcium sulphate and calcium carbonate could have been added. The folios underctmdygaréseniesdye!
s oxalates, due to fungal activity, present bandsE17186fuCi O) and ~136B71 crhli @-C-O) [4]; observed in documents written wfalirork.

VRSEM/EDS observations revealed that samples under study had crystalline particles, rich in Mg and S, daptateduygisingtirata
conservation work was condugi@thably deacidification, based on magnesium carbonate or bicarbonate. The refeilkEoptamed byt
differences in the inks used in the analysed folios. FTIR analysis corroborate the regulitsgliegcnmagay orgaanstituents are gallotannin:

and a binder, which could be Arabic gum; and thmbobsrabsgames.l
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