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Abstract The infrared spectrum of seven heavily damaged stamps was measured to analyze the cellulose, fillers and
sizing elements composing them. In five of them kaolinite was detected as a filler. In one of them Prussian blue was
detected as a component of a greenish-blue paper. An attempt to classify them employing a decision tree led to the
conclusion that more data from other experimental analysis (XRF) is needed to achieve this goal.
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Introduction

Technically, postage stamps are gummed, printed paper documents that have been issued by governments since
1840 as prepayment for a mail delivery service to be rendered by an official governmental agency. Stamps are
affixed to envelopes, mailing cylinders, packets, boxes or any other mail item. At the beginning, stamps were
commonly made from paper designed specifically for them, and were printed in sheets, rolls or small booklets.
Paper has as its chief component, a “carpet” of cellulose fibers. Fillers are added to the pulp to fill the pores of the
paper. Also, sizing is added to make the fibers water resistant. Fillers can be glues made from animal products,
starches from rice or wheat, resins or gums, or minerals such as calcium carbonate, titanium dioxide or kaolin.
Today, collecting topical postage stamps and associated items such as envelopes, postmarks, and first day covers is a
very popular hobby. Collectors of postage stamps are called philatelists. On the other hand, and like other
collectibles, “stamps are frequently considered a comparatively safe investment in times of financial turmoil, and
one that potentially hedges better against changes in the aggregate price level” [1].Stamps and definite postal
cancellations are issued to commemorate certain events and to inform and educate the public. Due to their
worldwide circulation, stamps can be fast, powerful and effective messengers of what the State considers of enough
importance for being represented in such a way.

Some stamps have been printed in large quantities (several millions) and are easily available for the collector.
Nevertheless a rule states that “the quantity of a given stamp remains constant or diminishes” (the diminishing
process is due to natural disasters, wars, human mistakes, etc.). Stamps that could be common today may become
precious objects with the passing of time. In the future archeological excavations some portions of stamps can be
found and in some cases with no possibility of identification. Then, if we consider stamps as being future objects of
archeological interest, all the information we may accumulate about them could be useful in due time. Many people
manipulate stamps in a careless way, sometimes damaging them beyond all possibility of restoration or reparation.
This generates a large quantity of objects that can be studied by destructive means without philatelic ethical
concerns. Usually, stamps have been analyzed with several non-invasive techniques [2-13].
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As we said before one of the basic components of stamps is cellulose. Given that there is good information about the
infrared (IR) spectra of cellulose and its derivatives, fillers and sizing components, we decided to undertake a
preliminary IR study of several damaged stamps to see if the data obtained is of enough interest to start the creation
of a database. This paper reports the results of this study.

Experimental
Seven stamps were randomly selected from a large set of heavily damaged ones. Fig. 1 shows reference photos
(numbered S1 to S7 from left to right and from top to bottom).
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Figure 1: Reference photos of the selected stamps
Slis from the time of German hyperinflation (1923).S2 is from Colombia (circa 1888-96, telegraph use, blue paper).
S3 is from Portugal (1930).S4 is from Honduras (1865, greenish paper).S5 is from Mexico (1934, airmail use). S6 is
from Uruguay (1910). S7 is from Saargebiet (Germany, 1923).The stamps were immersed in deionized water (DW)
for 6 hours to remove possible remains of the gum, dirtiness and/or hinges. After, they were rinsed abundantly with
DW and placed on an inert surface for atmospheric drying. The procedure was repeated three times. The samples
were obtained by cutting the external border of the stamps avoiding cancellation marks.
The IR spectra were recorded with a Perkin Elmer Systems 2000 spectrophotometer. For the samples the standard
technique of disk pressing in KBr was employed. Briefly, 0.5-1.0milligrams of sample and 80-100 mg of IR grade
KBrwere used. The mixture was submitted to a pressure of 15 t /cm? for 30 seconds to form a 13 mm diameter disk.

Results

Figures 2 to 5 shows photos of the backside of stamps after the treatment with deionized water (200x magnification).
The blue color is an effect of the equipment employed.

Figure 2: 200X magnification of the backside of S1 (left) and S2 (right)
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Figure 3: 200X magnification of the backside of S3 (left) and S4 (right)

Figure 4: 200X magnification of the backside of S5 (left) and S6 (right)

Figure 5: 200X magnification of the backside of S7 (left)
Figures 6 to 12 show the IR spectrum of stamps 1-7.
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Figure 6: IR spectrum of S1 (X axis shows the wavenumber in cm™ and the y axis the transmission. This is valid for
all figures below)
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IR spectrum of S2

Figure 7:

Figure 8: IR spectrum of S3
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IR spectrum of S

Figure 9:
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Figure 10: IR spectrum of S5
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Figure 12: IR spectrum of S7
Discussion
No stamp responded to 254 nm and 365 nm UV lights. The 200x magnification shows the cellulose fibers (Figs. 2-
5). No regular pattern is observed. Unhappily, we cannot be sure if this is the original cellulose structure or the result
of the previous treatment with DW. Some stamps had hinge remains and they were so dirty that their washing was
unavoidable. The same problem appeared in the front side. Also, we must mention that all stamps were without the
original gum, implying that there were washed by their anterior proprietaries with unknown liquids (probably
distilled or drinking water). Perhaps this part of our study can be improved by using mint, never hinged stamps and
carrying out the microscopic study on the non-printed frontal side. Note that some samples show black and/or white
incrustations. These can be ascribed to crystals of the filler(s), and/or sizing agent(s), and/or color crystals, and/or to
a bad external manipulation along time allowing some external agents to fix over the fibers.
Cellulose has not absorption bands in the 2000-2600 cm™ region[14]. The stretching vibrations of the CH, groups
give a band in the 2800-3000 cm-1 region, which is observed in Figs. 6-12. The 3000-3800 cm™ corresponds to the
OH region[14].In the seven samples the band at 1645 cm™ corresponds unequivocally to rosin (Greek pitch or
colophony), a solid form of resin that was used for paper sizing [15].
Kaolinite was used as filler in S1, S3 and S5-S7. The bands around 3667 and 3619 cm™ show its presence. The band
at 3690 cm™ is ascribed to the Si-OH stretching mode (or maybe to the Al-OH stretching mode) [16]. The kaolinite
OH stretching modes show four bands at 3697, 3669, 35664 and 3620 cm™.Valli et al. relate the absence of one peak
in the spectrum to the position of the filler into the cellulose fibers[8]. Some pure kaolinite reported bands are 3693s,
3655sh, 3620, 1115s, 1090s, 1032s, 1006s, 939, 914s, 792, 753, 696 642, 600sh, 5365, 470s and 429 cm™ (white
powdery aggregate from Margaritas mine, Pena Blanca uranium distr., W. of Chihuahua, Mexico)[17].
Interestingly S2 and S4, which have blue and greenish paper respectively, have not bands around 3667 and 3619 cm’
! "indicating the absence of kaolinite. This perfectly coincides with the fact that at the time when S2 and S4 were
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printed, kaolinite was not used as filler. The band at 2095 cm™ in the IR spectrum of S4 (greenish paper) clearly
shows that Prussian blue is present in the paper[17]. We could not find the compound giving the greenish
component to the color. In S2 (blue paper), Prussian blue is not present and we could not find the causative agent of
this color.The 950-1200 cm™ region of the cellulose spectrum displays broad diffuse absorption[14]. Kaolinite also
shows several bands in this region [17]. Therefore the interpretations of the bands in this region are somewhat
difficult. S1, S2 and S5-S7 display a band around 2135-2137 cm™. Cellulose derivatives containing C=C and C=N
bonds display sharp bands at 2150-2250 cm™'[14]. Despite that the bands are outside this range, we tentatively
suggest that they could correspond to these bonds.

Figure 13 shows the decision tree built with the abovementioned main information.

NO NO S2
S2, S4 ;
> ’ Prussian
Kaolinite? J Blue?
\—> S4
YES

YES

——»| 81, 83, 85, 86, §7

Figure 13: Decision tree for the classification of S1-S7
It is clear from Fig. 13 that there are not important adequate elements in the IR spectra to discriminate between S1,
S3 and S5-S7 at this stage of the research. Nevertheless, in the case of S1 we may observe that the bands around
2900 cm™ are better defined, fact that could be an indication of the presence of hemicellulose [18, 19].0n the other
hand, a comparison of the seven IR spectra shows that there are enough interesting differences among them to
expand this study to more stamps. However, the data presented here should be supplemented with IR results of the
printed parts and, if possible, with X-ray fluorescence studies.
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