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Abstract

Faper can be produced from various raw materials, which give rise 1 differences in the petthanence und durability of Lk
paper praduct. Modem paper is chuructudsed by a tendancy to discolor ad becoms britlle, buth problems being generally
related e the high acidity of these papers. In ooder W avoid the Inss of historical paper docwiments Lo Lhis diseoloration amd
enboilllewsnl, muny spprosches have heen deweloped o deacidify the hiph acid papers. owever, tere is o prubilem Lo
verify the effectiveness of the dJillereol stratcgies. e this work a synchrowon X-rvy microprobe was used fo study i
distriburicns of elements, related to the dewcidificulion treatmenes, within papers treated wilh specific processas. Theos
slenwenlul distribulions can scrve as indicators of the effectivencss of cach individnal process, The miceoprobe is lovated 1t
bearnline X-26A at the Brovkhaven National Laboearary, National Synclnotion Light Sourec snd wtilised a 7 = 10 e
collimated beam of X-rays from the syicloren. Scans were petformed transverse 1o puper scolions to obtain elemental
tisiribudion through the sample. Some preliminary results of measerements on reated and niteated puper swoples are

preseitted.

L. Trvsducliva

Ihe use of micreamalytical techniques io e ekt of
conservulion of cullurdl propery is very commion, beciume
the study of te degrocdolion processes and the confral of
the effactivensss of the meatments frequently reguircs a
uicrodnalysis, ‘Theretore, a conslderable body of mivooun-
alytical techoiques e wetwally used in rhe fsld of the
paper congérvation, some of these ure non destructive. In
the lase decade sevaral echoigues bave been wsed t sudy
the jnivrseepic distribution of eleaments across the sup-
Faces of manuscripts with Renwn [1], proton [2] and pho-

tem [} mictaprabes. Those stadies Jemuonstraled the use of

micranalytical @ohnigues for the identificalion of inks
and pignenls i1 socicnt manuserips. Darbottle et al, (4],
described the design and e seosiliviey of an X-tay micco
rrobe and discossed assers amd linlalions of such a facil-

* Corespumbing wothor, Phone: 350639017951, Fay, 39.6-
4363158, Bl eibrom s iccaspar. caspur it

ily for use in comzervation, An X-ray micropobe s uonwn
sensille apulyviical sysesm than an elecron mictoprobe,
having in sddition the advaluge o allow the non destrc-
tive study of ahject of ant in air. This cao be wctually donc
als with o proton beam bt wirh several Bmitations 5]
The non desbuclivily is oot celevant for tha application
presented in rhis [HpET,

Puper can he produced from vardous raw |rmu.rml~<
which can cesult in subslantial variahilitias i theit perma
nence and dwrability. Many joelern pupors arc charae-
lerizcd with & relarively high acid ¢onlent which cun leadl
W diseoloralion and embrittlement dnd ultimately the von-
plete loss of the Joctonent. Similar probleme have been
repottes] becawse of the acld conlent of certain inks. Thase
seid problams have led to the developenl uf several
techoiyues for the teammant of fhe papers in ocder Lo
deacidily e oo o lurpe prodduction scale, owever, at
ehis moment, pone of the proposed techniques is oally
well accepted. Ih onder to determine e aoveplubiliy of
uny purticalar mehnique, the effectivensas of the differenl
treatinen] sioabegios needs o he varifiad.
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Fig, 1. Sketeh of e paper satnple éncapsulabed n the polyesicr
resin, The arrow shows the rean direction,

In 1530 the Litrary of Conpress published specificu-
tons for deacidificulion. processes [8), The specifications
state that uniformiry for o given puper type shall vary from
specified oprimal conesntrations by no moere than 4+ 240%
bétween books, and hy no mons than + 20% bersesn and
within individual pages. Because the acidity iz distributed
thronghaut the paper, part of these specifications inclinde
ecrtifying the uniformity of the alkaline weatment inuterial
on the sutface and insile the paper. Theratore it [s impor-
tant 1o darenmine that the aclive elements used for deacldi-
fying the papers are alsa dstributed throughout the papcr.

A megsurement of the elemental concentration only
through the surface of & paper sumple i inadequate since it

A Zapgall et al f Wk, inere. and Meth [ Pl Res, 8 17 (19960 1405 100

provides na distiborion joformation of te ¢lements in the
thickness of the shest, The active elenens may be con-
taingd on the suface amd nol Jislibuted throughoue, and
especially inside, the puper, Thenfore a tochnique sush as
a4 mictoprobe i8 opeeded 1o messure the active alemenor
disiribulions scross a cross section of the paper.

In this article we repot somc proliminary measure-
ments of distributions of some key provessing clements
(magncsium, caleiom, and zined within papers Gl have
undelgong cerlain stapes of deaciditication processes. The
measuréments were niade wsing u synchroron X-ray mi-
croprobe,

2 Materiuls and methods

Several pieces of anvienl #nd modemn papers, supplisd
by Stazione Sperimenrale Cellulosa e Coana [Huly), have
Leen wseid for these analyses. The set of papers:

{1} woodpulp with peutral gluing 166 pm thick.

(2) Krafr white pine. neuira] gluing, thivkness 112 pm;

(2) Lintcrs, neuiral gluing, thickness 131 pn,

A fourth set cumsisted of B-CTMP (Aspen River), 1%
amid, 1% aluminium polichlorure wiy supplicd by Cantiare
Fuvini, Rossano Yeneto, laly, Finally, a fifth set eluded
several pieces of un ancient manuscript (1329) which
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Fig. 2. X-ry spectrum of the cenwral part of a 166 p.m Diick puper mudc with woodpalp v th neatral glning (satmple 1) Unloduo:ly, ihe
presence of e cobalt K-peaks, detnonsirales a diffusion of the polyester rosin inme the paper.
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needed o be deacidifled. The pim:es of the UL pL
WeR!

{5a) no reamment;

{5t} washed with tap water;

{5c) treared with caleium hydreaide inoa half ssturated
waber solufioi,

{(5ct} meated with a 3% calcivm acetate in 10% H,O
amd 90% CH,OH splution.

The pieces where carefully encapsulatzd in polysster
resin and then cut. In this anner messuremenis could be
performed on a mansversal secrion of the paper sumple
(#ee Fig. 1) Some of the measurements wers performed in
inked portions of dw puper o determing it rhe ink affecrs
the distributlen of the active elements.

The mepsurements were done ot i Nodonal Syn-
chrotrom Light Spurce, heam line X-26A located at
Brookhaven Nativnal Luboratory. The experimental appa-
ratus is similar to that described previowly for X-260 [7].
The main diftzrence is that the sample on X-26A 55 9 m
from the source instead of X0 m. Tha samples were
mounted ot 437 to the beam on 4 stepping mokor driven
XY/ sample stage with mininoum step siee of | pm
in X-Y=£ und 0001 degree in . The ‘‘white light”
{directly fiom the synchrotron, filtered anly with four Be
windows) X-tay beam was collimated 10 7 2 10 pm® with

the beam centred on the mid-plane of e syocheotion, The
flunreseance specits ware measuted wilh o 20 mm® SifLi}
detsctat mounted at #0° to the ocident X-ray beamn. This
datectar has an enerey resolution of 150 ¢V at 5.9 keV. Na
Filtrrs were used oo e deteclor v avoid aticnuation of the
calcium X-rays, The sample position was moniared with a
mictoreope equipped with a video cwoers. The rolative
intcnsity of the incident X-ray beam was determined with
& helivin Nilled jonization chamber located after te colli-
toarors. The spectra were acyuined for spproximately 1o 2
min and the scans had dwell fimes of spproximatcly 10 s

X Results

The measurements reported here are prelindiney. We
tested the capability of the X-ray micreprobe 1o perform
the. easurements needed in anslysing the effecrivensss of
paper deacidification processes. Fig. 2 is a spectrum of the
woedpulp paper sample (1) having the patemn ol low
concentration elemenls, such as caleium, titaniom and inon,
opical of 4 modarn paper, The presence of the calciom,
tmivm, iron, copper and zinc peaks demonstrutes the
possibility t detecl these clemeants with shott messuring
rimes (10 6], Unfortungely, the presence of the cobalt

sl B
1 Gt e

Cq K

ArKa

a0 |

- He R et

|
| ,,'l Iﬂﬁ‘f\H’M"ﬂ

bt gy

_ ;mlw-'r!g'q‘llﬁl',himﬂﬁ
i

: J#M,L N

i
i
3
!
il + t + A |
25

o2 3 4 a8 T B9 10 11 4z 4% W 15 & 17 18 16 = M I 31 o
Energy (me]

Fig, 3. X-ray specerd of the palyester resin, Cobaltis e cululyst used for the palymetization of the resin,
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Fp_ 5. Caleium profiles within sumples of 2 menuseript paper, sateutsd, washed with tap veter, deacitificd with w coleiup hydmaite watee
solwion and with 2 caldum acctere decholic sohion.
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Fig, 6, Culvwum protiley within sumples of 4 manoscrips paper, not meated paper, paper teated with a calciom acetale alcohotic solution with

wnl wikhya the presence of ink,

K-peaks {dus to thw resin catalyst), demonstrates o Jillu-
sion of the polyeser resin ing the paper, In Fig. 3 a
spectrum of the resin is shown. Tt is possible thac this
polyester diffusion coutd iself cause o reamaogemenl of
the elements of inezrest in the paper, so these results
should be conyidercd as strictly a demonstration of pringl-
ple. Fig. 4 shows the results of o scan on puper number
(2), as described above. It s possible to observe from the
calcium and zinc disribution that the paper thicknass 1s
approxisnately 113 o, a valoe consislent with indocpen-
dant previous measutements {thickness tester),

Fig. 5 shows the calcium disribotions within paper
nwnber {5} for the 4 trealnent slayes mentioncd ahove,
Bignificant fluctuations In the calclum concentiations con
be saslly observed. Thase fluctuatlons, related w a non-
uniform diziribotion of the caleium in the paper, cam
probably 1 due to different causes. In the case of the
paper traated with water solutien the point-to-point fuctua-
tiong ars approximarzly 30, In the case of the meament
with alecholic solution the point-to-point fluctuations in
coleinn eoicentrations we approatoalely 209, This, to-
gether with the higher calcium concentration, could be o
demonseration that the aloohal solurion helps the caleivm
to diffuse and equilibrate throughout the paper [K9],

There is o guestion as W whether e prescoce of ink
can influence the deacidification process by inbibiting e

dilfusion of the active clements intn the paper. Fip, 6
shows scans for caleium wilh snd wilhout the prosence of
ink, Thase data demonstrace the calciwm being able o
diffuse into the inked area of the paper go the teament
processes can be elfective in the prescnee of ink.

4, Conelusivny

Thers ane many guestions regarding the deacidificarion
or other restoration processes of papers where the knowl-
adpe ot spatial disributions of elements in the paper could
be wof inercst. The high sensitvity of the synchrotron
Xeroy microprobe and possibility of obtaining 10 pm
sparial resolution elementl distributions is extremely wse-
fitl to undarstand the confervacion processes, The measure.
menty ofF clemental dismribotions along a cross sectlon of
the paper sample tells us if lhe selive clemens have
diffused sufficlently into the interor of the paper 1o geu-
tralise the acid levels cheonghout rhe paper. Efffclent meat-
menl of e paper b5 important since too iede trearment
could leave the papet in an scldic slale or with non-uni-
formiries, The spatial reselution, 10 pm, available with the
synchrotron microprohe, is apprepriate for these samples
whose thicknesy vanicy from 1O & T80 pm.



15 A, Taopali ernl. f Macl, lngre, and Metk, in Pl Sep, B 207 Upwwed 145=130

Acknowludgements

Pecesrch way suppwsrted in part by Ly DOE, Office of
Fusic Fmerpy Scicnces, uader Contrac: Mo, DE-ACO2-
TOLHDMONG, Dh-FGOZ-22E6F 14144  (Univessity  of
Chicagol and By Conzigho Mazionale delle dicenche,
Cuomuate Scignza = Tecoologia per i Beni Culwrali. The
piper samplcs were prepares] i1 de Tslitto Ceotvale del
Bagtairn.

Refcrenees

(1] B, Guisewy, Stodics In Conwercuticn (LI, London. 1954
fr. 29,

2} 10, pae Anbwr. P Deb Cormine, Fo Licarshi ard Y, A
Wandiy, Hucl, bustr. woel Meth, 0 45 (2000) 215

[3] M. Biviae, & Koochel ot wl, Xl Inatr, and Meth, A 266
LI93H) 35,

141 15, Aachottle, B0 Gondon wnel KW, Joags, Mol ioate, gead
Meih, B 14 {986) 116,

[5] ©.H Swann, Nuel, Insg, and Meli, B 104 019080 575,

[6] The Lilary »f Congeess raguesis yoor pmposals to pruvide
o pEaUoY on & mass peednciion leel of paper based
bocky o he enllezdon of dw Liloary of Cemeress, Wighing-
ton, Librry of Congrass, Solivilcion no. REP 90 21 (L.

[7] AL Hunseo KW Teaee, 2 M. Goedon, LG, 2ounis, WM.
Kuiawk GJ Long, ML Rivers and 3.R. Sution, Nacl. lask,
Methods B 2425 (1937 2548,

1] A. Scimda. Bodl. I, Cente, Patol Libeg 37 €19%1) 67,

[3] 1.. Roesi. Bod, tue Certr. Patol, Libra 37 ¢1021) a1,



