Paper Splitting:
Systematisation, Quality Control and Risk Minimisation*
by EVA GALINSKY & ANNA HABERDITZL
Introduction
Paper splitting is one of the few treatments in paper restoration, which can make the most damaged archive and library stock usable again and which is, at the same time, geared towards mass treatment. The significance of this procedure is that consolidation and chemical treatment take place in the middle core of the page and so the consolidating material is not visible. An essential part of the pro​cess is the trouble-free removal of the temporarily applied gelatine layer, using enzymes. Cost and technical reasons dictate that currently, industrial enzyme preparations, of partially unknown composition and with high deactivation temperatures, are used for this. For further information see the Annexe.
The German Research Association (Deutsche Forschungsgemeinschaft, DFG) has promoted an interdisciplinary research project on the "Optimisation of Paper Splitting Technology with the Application of Immobilised Enzymes", to be car​ried out by the Institute of Physiological Chemistry of the University of Tubingen and the Institute for Preservation of Archival and Library Material in Ludwigs-burg.
The results of a conservation treatment must be reproducible, and, as a basis for scientific analysis, a reliable assessment of influencing factors must be guar​anteed. In the case of paper splitting this is not an easy task, because the docu​ments to be treated are very different in their structure and types of damage.
The main aims of the project were to analyse the procedure, record the im​portant parameters, research possible improvements and standardise the working procedures, working material and the descriptions of the typical properties of the items to be treated using these as a basis for modifications in the process itself.
* Revised version of a paper presented at the occasion of a workshop on iron gall ink erosion at the Academy of Art and Design Stuttgart, July 03-05, 2000.

Paper Splitting
Description and systematisation of the splitting procedure
The final result of the splitting method depends on the proper progression through the procedure and the careful treatment of the documents. The actual process can be divided into three separated phases, preceded by a preparatory phase. An evaluation of the results follows every splitting treatment. The process is ac​companied by a control plan for quality assurance. The entire course of events is reproduced schematically in Fig. 1 and graphically in Fig. 2.
Preparatory work
•   The precise assessment of damage is a part of this, from which the pre​calculations and choice of method follow.
•   The splitting variants described below (p.  185) enable cost comparison of other individual solutions to problems. A precise compilation of the properties of the document, which are relevant to the splitting procedure, is made before it commences. As a result the chances of success are raised and the risk factor assessed and any changes to the standardised procedure, to accommodate a specific problem, can be made.
•   The necessary and highly important preparations such as mounting, insertion in the press books (consisting of bound, laminated, cardboard padded press paper) and the workspace preparation take place.
•   The splitting procedure begins with a safety step. This involves a certain num​ber (ca. 20) of sheets of the object being treated separately, in order to verify the evaluation before the entire document is treated.
First phase of the splitting procedure (3 people required)
•   Firstly, sheets of paper, or synthetic fleece, serving as facing supports, are pasted out with the aid of a molten gelatine solution over a heated gluing device, and the item is laminated with them on both sides.
•   Afterwards, the surface of the item is fixed into the gel layer via a press process and the item is kept in the press books over a longer period to protect it from drying out completely.
•   A desired level of moisture is present in the original during this waiting period, and at the same time, soluble constituents, such as ink, are bound by the gela​tine layer.
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Fig. 1:  The three phases of the paper splitting process.
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Fig. 2:   Diagram illustrating the paper splitting technique.

•   The gel solidifies during the waiting period i.e. it becomes harder, but without drying completely (gel formation period). In this way the surface of the docu​ment is securely bound. After this the second phase can take place. Second phase (2-3 people required)
•   Subsequent to an adequate gel formation after the waiting period, the splitting can take place. During this process the original separates, ideally, along the central plane, the paper structure being loosened by the moistness while the surfaces of the item are fixed.
•   The split item, which is still moist and King flat, has the inside of the sheet up​permost. This is smeared with an adhesive based on cellulose ethers, and a special paper is inserted to strengthen it.
•   The lined face of the split sheet is then folded back together and pressed.
•   The structure of the item-core-composite is further consolidated during the fol​lowing pressing and drying period.
•   The third phase can begin after completion of film forming and only after the sheet is fully dry; it may be carried out later, if more practicable, according to work organisation and workflow.
Third phase (2 people required)
•   The dried out five-layered composite (facing support + upper side of the origi​nal + core + other side of the original + other facing support) is put in poly​ester sieve bags used for the wet treatment of paper.
•   The bags are then put into metal baskets and dipped into warm water con​taining protein digesting enzymes. The gelatine is broken down into fragments and thereby completely dissolved. The temperature has to be close to the pre​cipitation temperature of the core adhesive (see annexe) so that it is not dis​solved and washed away, but only swells, remains in place and retains its function of keeping together the two halves of the split original.
The adherent enzymes are irreversibly altered through thermal deactivation in a hot bath. The soluble components are transferred into the facing supports or the water. The composite is then briefly rinsed in warm water in order to prevent any precipitation of them into or onto the original.
•   The facing supports can then be taken away from the items whilst still warm. The items are not couched because experiments have shown that swollen core adhesive, which is increasingly soluble due to its cooling down, can easily be

displaced from the middle of the item to the surface. This can lead to a sticky surface with the consequence of creating difficulties whilst detaching the sup​ports, loss of material and visible deposits after final drying. The cohesion of the composite would be disrupted considerably.
•   Afterwards, the items are dried and stretched in a stack, under weak pressure and protected by a synthetic fleece material.
Reconditioning
•   An important step is the precise appraisal of the split originals. During the cur​rent research, on which the report given here is based, this was done with spe​cial care.
•   The differentiation of influences and changes as principally unavoidable or avoidable with appropriate expenditure was part of this. There are both desir​able and undesirable changes and influences. An attempt is made to characterise complaints as well as to compile a list of criteria for the comprehensible and complete evaluation of the success of the splitting procedure as well as of any possible damage.
•   These criteria are currently being tested on standard-split originals. The aim is to provide a framework for evaluation, which in our case is oriented towards the interests of mass and archival file restoration. In addition, it is also hoped that evaluation and statistical compilation will facilitate analysis of the problem, leading to further optimisation and validation of the procedure. Furthermore, the basis for discussion is rationalised, the procedure is made more reproducible and transparent, and thus further research and the transfer to other workshops is promoted.
Influencing parameters and standardisation of the procedure
The multiple phase process is dependent upon a surprising number of parame​ters, which must be taken into account both as a whole and for the effects they have on each other. At the Ludwigsburg Institute the process has been pro​visionally standardised in all these aspects. Further optimisation, or at least ob​servation, is foreseen within the framework of the research project on which the report given here is based.
A very important step was the standardisation of the formats: a "splitting unit" is 560 x 455 mm in size which stems from the largest item to be split (530 x 405)

Table 1:   Parameters of process phase 1.
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highly viscous (ca. 4-5 mPas; no penetration); high Bloom value (250 Bloom; good
final gel solidity, tolerance to decomposition)
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Preset temperature thermostat 58°C ~ 225-275 pm; less 325-375 pm; more
+5; adhesive tray 53°C 5 water supplied water supplied
Standard measuring point in the roll Temperature at 43 °C ~ Temperature at 49 °C
slot 46°C £2; upper roll ca. 40 °C reduce/raise viscosity raise/reduce viscosity
Machine speed at least 0.9 km/h (Attention: stay above (Attention: pene-
Appropriate to the open time (do the melting point; tration; Adhesion
not fall below, do not exceed) foam production!) problems!)

7 splitting units to coat one side
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Ca. 55 % 21°C+1 Lowering room humidity Raising the room RH
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coating temperature in roll slot the open time by the open time by

and room temperature at ca. 10s ca. 10's
AT=25°; open time is then ca. AT > 25° shortens the AT <25°C lengthens
60-70 sec. open time the open time,
Gel formation time at least over 18 h Lower room temperature Raise room temperature
At least 1000 Bloom / 25°C after to ca. 18°C to ca. 25°C
18 h. (good securing of the sur-
face)

60 bar / 60 sec., 3500 cm?





plus a safety margin and both facing supports (550 x 450 mm). Keeping to this definition meant that all treatment steps were prepared and performed in a logi​cal and rationalised manner.
 *  See p. 185

Table 2:   Parameter of the process phase 2.
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The influencing variables of phase 1 (26 individual parameters) concern the ef​fect the original item, the gelatine and the material of the facing supports have on one another during the coating step of the process. Room climate and time play an important role. The basis for the final result is laid down in this first step of the process. The securing of the surface is only guaranteed if there is perfect adhesion of the gelatine layer to the substrate and the original. The significance of the gela​tine with its particular problems as well as the influence of the original item can​not be emphasised enough. Table 1 contains the most important parameters in order of appearance as well as the valid standard values and variables.
Table 2 gives the influencing variables of phase 2 (ca. 15 individual parameters); they are based on the result of the first phase. The splitting technique itself has only a limited influence in this, but it is important to recognise that the course is

Table 3:   Parameter of the process phase 3 (Release of facings)
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set from now on; adjustments for complications can only be made in the process immediately following, later this is practically impossible. The core adhesive and core paper act on the provisional result of the splitting during the adhesion of the core. A good, cohesive and strong bond occurs through the interplay of these fac​tors as well as in the course of drying.
The influencing variables of phase 3 (ca. 29 individual parameters) are related to this "dried composite". All intermediate results obtained so far become apparent here. The enzyme bath and the deactivation and rinsing bath do not only in​fluence the desired decomposition of the fixing gelatine, but also can cause the removal of intermediate products or components of the original. This step is im​portant for the later cohesion of the two page halves because core adhesive can
also get lost. A raised temperature is actually necessary for the desired [insolubility of the core adhesive, but should be kept as low as possible for the sake of pro​tecting the item. This problem will be the subject of further ongoing research into paper splitting. During removal of the facings their adhesion to the composite and the composite's cohesion have a decisive effect on the final result. The aim should be to achieve maximum inner cohesion and minimal outer adhesion. Both occur as a result of all the previous influences and reactions and can no longer be changed at this point. Table 3 lists the parameters.
The gelatine plays a key role in securing the surface of the original, it functions as padding, as a swelling agent and as a mild complexing agent. Its optimal func​tion depends on type, concentration, gel hardness, viscosity, temperature and length of application.
Objectives and unavoidable influences
The objectives, experience of the splitting procedure and the level of technical knowledge available in the workshop, define decisively the way of working and therefore the result. The main objectives for the splitting are:
•   consolidation of areas which have decomposed, are crumbly or brittle (caused by fire, microorganisms, ink corrosion, acid hydrolysis);
•   repair of fragmented areas (ink corrosion, careless handling, consequence of
war, etc.);
•   preservation of the original optical appearance of the treated object;
•   preserved or even improved readability of the information by providing better opacity;
•   enabling use and handling of the item;
•   the logical processing of large numbers of items.
The preservation of the optical appearance and the readability represent a par​ticular advantage over lamination, whether heat-set or the classic method using starch and Japanese tissue. Consolidation is disproportionately greater in the case of classic facing, and heat-set lamination has the particular disadvantage of pre​venting future restoration treatment, via mass deacidification procedures, e.g., or mending tears or leaf-casting.
Table 4 lists some influences and undesirable changes that are inherent in the process in the order of their occurrence. They are unavoidable to a certain ex​tent, even if predictable. Their consequences for an original and its preservation must be considered and thoroughly calculated before carrying out the splitting

Table 4: Influences innate to the procedure and their possible consequences
[image: image6.png]Influence

Possible undesirable effects

Gelatine

Pressing

Longer damp storage
Splitting of the original item

Core adhesive

Addition of new material (core)

Warmth

Water treatment

Enzymes

microbiological culture medium
hydrophobication
reaction with substances in the paper
smoother surfaces
denser
microbiological infestation
migration of soluble components
irreversible interference to the structure/cohesion
changes in the cohesion
increased rigidity
thicker
ncreased rigidity
Worse opacity
temporarily increased probability of reactions
loss of soluble contents
decomposition of original proteins
contamination of the surface





process. It should be made clear that the splitting procedure greatly interferes with the original structure. Precisely for this reason the method should only be applied to original items which have significant and severe mechanical damage. Original items should not be submitted to paper splitting when the three objec​tives of it - appearance, best possible readability, good manageability - do not have to be fulfilled to the same degree, which means that the high expenditure of the splitting procedure is not justified. There are other conservation procedures for such items such as preservation microfilming, restricted use of the original, leaf-casting and lamination. Also those items for which the changes mentioned above are deemed to be unacceptable for aesthetic reasons must be excluded from paper splitting. In all cases, there must be an assessment of expenditure, sig​nificance of the item and desired result.
Classification and risk evaluation of the original
The recognition that the original item itself can cause specific complications and leads to a fundamentally new step in the preparation, namely the testing of its properties, risk evaluation and the corresponding adaptation of the process. The

original is classified according to the parameters of structure, page thickness and the values aimed at regarding soaking time and moistening diameter in a pre​defined flow diagram according to specific standard modifications of the process (mounting, layering and splitting techniques).
Classification of the original
Firstly, each item is checked for the quality of its "typical" sheets.
•   Their structure is identified whether it is
•   closed, porous, solid (tough)
•   britde (fragile)
•   crumbly (soft, loose).
These qualities have consequences for the behaviour of the item in the splitting process.
•   The level of homogeneity is determined, i.e. intact areas and damaged areas are different. Both areas should be tested
•   The paper thickness is measured at several points  (in the damaged and undamaged areas). The average value provides three categories:
•   very thin (< 120 μm),
•   mid-range (120-150μm),
•   very thick (>150μm)
•   The behaviour towards water is tested via soaking time and moistening diameter.
This last parameter is of high importance. Precisely 10 microlitres of water are placed onto the surface of the paper and, if necessary, in several relevant areas. The time (min) this drop takes to disappear completely from the surface (maxi​mum 4 min) is defined as the soaking time. Then the area moistened by the drop is measured, and this provides the moistening diameter. The shorter the soaking time and the greater the moistening diameter the stronger the reaction to water, and vice versa. You can speak of hydrophilic and hydrophobic behaviour. The classification into the following categories is derived from actual values in minutes and millimetres:
•   Soaking time: strongly absorbent (<2 min), normal absorbency (2-4 min), not absorbent (>4 min).
•   Moistening diameter: strongly moistened (>17 mm), normal moistened (7-17 mm) and poorly moistened (<7 mm).

Taken together, the four categories, structure, thickness, soaking time and moistening diameter can predict approximately how the test area will behave to​wards a layer of gelatine and of core adhesive. An example: the diameter of a drop of 10 μl amounts to 2-3 mm at the beginning and the drop is still present after 4 minutes. The paper is classified as being "non absorbent" and "poorly moistened" if there is no spreading perceptible from an optical change in the test area (darker, more matt, shinier or more transparent). A negligible reaction to​wards the water content of the gelatine and the core adhesive is to be expected. In such a case correct splitting depends on the structure and thickness of the pa​per as problems with fixing the surface and swelling of the paper structure can occur.
The qualities "non absorbent"/"poorly moistening" can be an advantage in the case of very porous, thin, short fibred paper; in the case of very compact, thick, hard, long fibred paper it is a serious problem.
Incidentally, a damaged area can be extremely hydrophilic as well as extremely hydrophobic; this cannot be seen by mere observation. In mould damaged areas, of a certain kind, water will quickly disappear, i.e. sink in, but not spread into the surrounding area. According to the classification given above this is "strongly ab​sorbent" and "poorly moistened" at the same time. In such a case there are un​pleasant and difficult decisions to be made.
•   In which area are deficits acceptable to the benefit of the results in another?
•   What are the reasons for favouring a certain area: its extent, its information content, its quality for bookbinding (sewing) ?
•   What could be the effect of a "compromise treatment"?
According to the experience in the Institute, where the research reported here has been done, the following items are rather unproblematic:
•   thin paper, little to non absorbent (like most newspaper); fire damage;
•   paper of normal thickness, low to average absorbency; paper with water dam​age;
•   thick paper, highly absorbent.
We come up against the limits of our standard procedure with the following groups of objects.
•   Problem group 1: Thin paper, partially deteriorated to transparency, highly absorbent, often crumbly, porous with water damage or heavy microbiological decay. In such cases some adaptations can be made, which aim at preventing the original being glued throughout: changing the viscosity of the gelatine or its "open time" respectively.
•   Problem group 2 is represented by dense, thick, virtually moisture impermeable items. In this case penetration of the gelatine must be promoted by providing more moisture for loosening the paper structure.
•   Problem group 3 comprise some risk factors, which occur particularly as a re​sult of ink corrosion in a progressed stage, of mycel forming bacteria (actino-mycelial) and of fire damage. Even if they can occur together with qualities described as problem group 1 and 2, they are to be defined separately. They have in common the following properties and complications with regard to the splitting process:
•   crumbly, brittle and already fragmented damage appearance;
•   great lack of homogeneity between damaged areas and intact page areas;
•   a particularly weak inner cohesion, i.e. the connection between the split page halves and the core paper and the core adhesive is not sufficient.
•   A particularly strong adhesion to the gelatine layer, presumably as a result of local hardening reactions, which leads to an incomplete decomposition of the gelatine and thus to bad detachability.
Regarding these problems and in addition to the parameters already standard​ised, research must be done in order to optimise the variants as required by the problems summarised above. The following in particular must be an object of further research:
•   the composition of the adhesive;
•   the ability of paper to be moistened, via pre-moistening or gluing, e.g.;
•   removal of the facing supports using immobilised enzymes with the advantages of a controlled application independent of diffusion processes and avoiding temperatures > 60 °C (see annexe: inactivation of enzymes);
•   development of spot tests or any other method for anticipatory categorisation of the items to be split (see annexe);
•   application of fleece material in order to increase water uptake and easier fac​ing support removal.
Based on previous experience at the Institute where the research reported here has been done, a kind of "procedural routine" has been established, i.e. a pre​paratory step where the items delivered for conservation are checked and cat​egorized for further treatment according to the demands of mass restoration -work that can be done with the help of assistants. Ca. 80% of the delivered docu​ments are recognised as being suitable for the splitting procedure. Hand written documents are especially suitable for it; most have been damaged by heavy

microbiological decay, quite a few by fire and a few by ink corrosion. Ca. 20% of the items forwarded to the splitting procedure are categorised as pertaining to problem groups 1 and 2. Additional risk factors appeared in about 5% of them.
It must be emphasised that a document can show specific additional com​plications which result in limitations and additional requirements for unknown solutions: coloured pen marks, stamps, extremely dirty and not washable and not even suitable for dry cleaning, paper decomposed up to transparency, etc. A problem pertaining more to management than to technology, but nevertheless a serious one provides files of high priority items consisting of very different kinds of paper: those that have severe and all types of damage and those that have no damage at all.
Process adaptations via standard modifications
55 original items, altogether ca. 18000 sheets, have been processed to date in the project reported here according to the procedure presented. About two thirds of them were categorised as being "normal", i.e. suitable for treatment according to the standard adaptations. These adaptions include changing the distance between rolls for applying the gel layer and several variants of the actual splitting process.
The distance between the rolls defines the gel layer applied and, as its main consequences, the open period, the water entry and the penetration of gelatine into the surface of the items. The splitting is strongly influenced by the gel layer, in particular its evenness. In correspondence to the distances between the rolls they are made in thickness between 200 and 350 μm in steps of 50 μm.
The splitting variants also facilitate the splitting of original items, which were not pre-treated or partially repaired by another method., the preservation of hand made borders, the completion of missing parts of the original item during the splitting as well as special forms such as partial splitting. Table 5 lists the different variations.
Variant A corresponds to splitting after leaf-casting which is the usual treat​ment. Variant B includes those items which cannot be submitted to leaf-casting. Here, a support paper is put underneath the object instead. Variant C is intended for the complicated case of objects with attached parts, either as a result of pre​vious completion or as a protective frame. Variant D splits directly into the margin of the original, without using a protective margin of new (leafcast) paper. It is suit​able for items which have central decay and are well preserved in the margins, and those which do not have missing parts that need to be completed and if there are special requirements such as for example, deckle edge margins that must be preserved.
Tabe. 5: Possible splitting variants.
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Unfortunately, there is still currently a limitation in the splitting variant B, be​cause it is based on completing losses by splitting new paper. A paper suitable for this procedure - it must not be sized - is available only in 200 μm thickness (85g/m2), Despite tried and tested techniques, there is sometimes insufficient thickness. Original items that need, for reasons discussed elsewhere, a gelatine

layer thicker than 275 um cannot be processed using this variant, because the gelatine would penetrate the restored paper and make it thus impossible to split.
Quality assurance using control steps
Assessing the objects, prior to splitting, minimises the risk of disappointing results from a faulty treatment only if it is combined with several control steps in the course of a flexible, transparent and systematic splitting procedure. These control steps, once mastered and applied routinely, will not be a nuisance, but rather will offer reliability. A full range of instruments for fault analysis and for controlling the procedure will be formed, guaranteeing quality assurance and mastering any situation that may arise during the splitting procedure.
The first control step concerns the facing and has proved to be the most sig​nificant one of the whole procedure. The following points are managed and con​trolled:
•   temperature and humidity control at the work station and its surroundings; heating, humidifying/ dehumidifying if necessary;
•   applying the gelatine layer evenly without bubbles or grooves; to be achieved via rheology control and foam free layering;
•   even gelatine flow, to be controlled by machine speed, machine temperature and gelatine concentration and viscosity;
•   prevention of the gelatine from penetrating by choosing the right type (high Bloom grade), by temperature control corresponding to gelatine concentration and paying attention to its time dependent thermal decomposition;
•   adjustment of the distance between the rolls according to the particular cir​cumstances;
•   control of open time of the gelatine (depending on temperature and its type and concentration);
•   making a test layer with an item of any type in order to check whether the parameters chosen according to its quality work together in the desired way (safety step).
Observing all control steps will result in an adequate, not too deep penetration of the gelatine into the surface of the items.
Period and intensity of pressing are always the same; they are regulated auto​matically. According to our experience it is not so much the press period, but the rest period after, when the minimal gel solidity necessary for correct splitting is formed. If this rest period is too short and the gel still too soft the original's surface
can not be sufficiently secured for splitting, even in the case of optimal moisten​ing. A good contact between the gelatine and the surface of the object is formed immediately moisture begins to migrate; it is not necessary to promote this by lengthening pressing. Prolonged resting and cooling raises the gel's cohesiveness decisively. The crucial importance of this point is the reason why no glycerine is ad​ded to the gelatine, even though it would improve its rheological properties. Glyc​erine, however, lowers the gel's cohesion through its ability to bind water and thus increases the risk of insufficient adhesion. It is to be emphasised that faulty layering of the gelatine will be noticeable in any of the following steps in the split​ting procedure; it is the starting point for many of the deficiencies that may occur.
With ongoing work on the project reported here we shifted to using B-gelatine (alkaline breakdown) because it had less tendency to form foam and have foam persistence compared to A-gelatine (acidic breakdown). Also the rheological properties of B-gelatine are generally better because it behaves less "rheopexical"*. In addition, B-gelatine seems to have a positive influence on the ageing process of iron-gall inks** thus providing an additional advantage. There is a preference to use gelatines with high Bloom grade (250 Bloom) not only because they can work at lower concentrations, but also because of their low thermal decomposi​tion (10 Bloom p. hr at 60°C). Their high gel strength secures an item's surface well. The types which tend to be highly viscose (4-5 mPa/s) have the advantage of showing only low penetration, but they can provide rheological difficulties for machines with low trough depths. For types with higher viscosity (3-4 mPa/s) the temperature must be slightly raised (2-3°C).
The second control step consists in testing the document's ability to be split, which also means checking whether the previous classification has been the right one. Because this crucial information is available only after layering, pressing and resting, it is necessary to prepare only a small number as test items up to this stage. This may result in modifications of the preparatory work previously undertaken. It is better to be prepared for complications and to keep their re​percussions low. Attention should be paid to the following points:
•   ability to be split, i.e. the energy necessary to separate the two halves;
•   ability to be centred, i.e. that both split layers are of uniform thickness; they must have the same opacity in transmitted light;
•   evenness, i.e. uniform closeness of the splitting layer;
•   documentation for statistics and as a basis for general procedure control and possible improvement.
* See annexe
* *  see the article Kolbe in the bibliography
The relevant observations may result in changes during further layering: it may be necessary to provide more or less moistness in the gel layer, to change gluing strength by altering the gelatine concentration, to prolong or reduce the rest period via the layering temperature, etc.
Also, the following steps are adapted as a result of the splitting test. If the split​ting was centred, regular and easy no problems are to be expected according to our experience up to now. Further work can be done according to the standard procedure. An unpleasant exception is any item within problem group 3, items with heavy ink corrosion, fire damage, a powdery-crumbly decomposed dam​aged appearance or heavy, circular microbiological decomposition at specific positions. Advice as how to proceed in this case is given later in this article (p. 193).
If the splitting is much thinner on one of the halves than on the other but has a regular and closed layer, then the following steps of the procedure must be adjusted to take this irregularity into account, but the item can continue to be treated. The item is highlighted as having this fault, so that attention can be paid to it during core adhesion and/or removing the facing supports. There will be no or only little influence on the final result. If, however, the original surface area is not fully secured, if the splitting is done very irregularly with extremely thin or even open areas on one side, then the further course of the work will be problematic be​cause the core adhesive gets onto the gelatine layer directly or penetrates it, or does not sufficiently glue both layers together. The core paper will be positioned as a "zigzag" and not as an even layer as desired. Separation difficulties and even losses are to be expected. The core paper, which will cover the information on this part of the item, will partially show in the final result. In such a case two other items of the relevant kind would be submitted to the second control step, and if the deficiencies occur again, then the items of that group may be excluded from splitting and delaminated from their facing supports.
In the case of a very inhomogeneous item, showing heavy decay in one area and well preserved paper immediately next to it, a compromise between the layer​ing methods appropriate for one and for the other must be found or one of them must be preferred. For the decomposed areas where the paper is porous, crumbly or hydrophilic the facing must be done with highly viscose gelatine, while for the intact ones, which are composed of long fibres and provide a rather hydrophobic texture, gelatine of low viscosity is needed. Such inhomogeneous pages can never be split in an optimal manner, but a decision based on careful testing and fol​lowed by responsible modification of the relevant standard methods can limit the unavoidable - and predictable - inadequate final result.
The third control step takes place during or after the core adhesion. It aims particularly at ensuring the final solidity of the treated item by ensuring that the
core adhesive provides a good and permanent connection of the split halves to the core of new paper. The following points must be considered:
•   homogenous core adhesive, well mixed and stirred immediately before being applied;
•   sufficient, not too thick an adhesive layer; adjustment is done via the gap be​tween the rolls;                                   
•   evenly spread adhesive layer without grooves; apply in good light using a brush;
•   even moistening, and if necessary spraying ethanol as moistening aid;
•   glue edges together in exact position; random sampling check in transmitted light;
•   slight and short pressing in order to prevent the penetration or pushing through of low molecular adhesive ingredients;
•   slow and gentle film forming at slight pressure in order to avoid bubbles being formed followed by local distortion;
•   drying on flat surface in order to keep tension at a minimum;
•   inspect for any noticeable deviation from a flat and even appearance (such as bubbles or spots from penetrated adhesive) and mark them;
•   care for low residual moisture so that there is no risk of microbial attack dur​ing storage until the facing supports are removed; check the stack moisture.
Observing these points will control the final flexibility or stiffness of the treated items, the precise position of their two halves on each other, minimal thickness increase and optimal opacity.
The fourth control step concerns the removal of facing supports. Here the adaptations for the problematic items identified during the previous ones are done and the parameters for delamination are checked. Any specific, noticeable problems should be documented for statistics and for a substantial description of the whole procedure.
•   Sorting out the items marked as problematic during any of the control steps in order to devote to them the special attention and care they need during sup​port removal;
•   control of enzyme activity, using test strips, e.g.;
•   pay attention to ink transfer or off-set onto the facing paper;
•   are there parts not fully sticking on the core?
•   sticky surface?
•   bubble formation?
•   spontaneous separation?
•   care for final fold free straightening using low pressure.

Quality control and fault analysis
After drying the objects the final result of the splitting procedure and the risk evaluation done at its beginning must be assessed. The control records done during the several control steps provide useful information for such an assess​ment. Some specific procedural mistakes, e.g. uncentred position of the two halves, uneven splitting are sometimes not noticeable in the final rf suit, but, based on the control notes, discernible from certain indications. The core paper running through a water mark means, e.g., that the splitting did not take place in the cen​tre of the sheet, but nearer to its wire side. The felt side off-split is thicker than that on the wire side and the contours of the water mark are blurred by the core paper.
Some mistakes accumulate to become specific defects. "Double" script (Fig. 3), e.g., indicates an uneven, i.e. one-sided splitting together with displacement of the two halves. Visible core paper can have very different causes. For serious ink cor​rosion (category 3 and 4) the following explanation has been given*: An ink spot, originally applied on one side, has penetrated through the sheet and, in the course of its corrosive activity, formed a water repellent plug that cannot be split, but is ripped out to one of the split-off sides, leaving behind a perforation in the other. The core paper, forming a zigzag fold around the plug, is visible on one side of object. This is a convincing hypothesis, which can be confirmed, to some extent, from experience of other cases where there have been highly water repel​lent adhesive residues from earlier repairs (Scotch tape), e.g., or drops of wax. If there is insufficient adhesion of the plug to both facing supports, it can get lost during working phase 3, which results in the core paper being seen on both sides of the item. Contradictory to the reported hypothesis we observed that items with heavy ink corrosion can be split without any difficulty. We conclude from this that there must be one or perhaps several other reasons for the phenomenon of a visible core paper.
Fig. 4 shows a split sheet with ink corrosion grade 3-4.
Core paper is most visible on a dark background, i.e. it shows particularly on black print or brown decomposed paper. When examined more closely, it is often not just the (dark) script but also the (light) surrounding paper which is affected. If the core paper is visible in tiny areas, almost as if flecked, and the print is still visible under the core paper without loss (Fig. 5), then the cause is from an un​even central split, with the consequence of an extremely thin, porous and not even completely closed, layer on one side. A characteristic of this phenomenon is that damage is only seen on one side of the item. The core lies extremely close to its surface, but in a linear plane.
*  See bibliography: Fuchs et al.
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Fig. 3: Double print due to splitting too thinly
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Fig. 5: Visible core as a result of an overly
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Fig. 7: Extremely porous object with high
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Fig. 9 and 10: Detail of Ink corrosion grade 4, before and after splitting.

Another case is visible core paper, together with loss. The cause can be un​even splitting, but mostly it is rooted in damage that made the original either ex​tremely hydrophobic or extremely hydrophilic in the relevant area. The fault is visible on both sides of the item, directly above each other, i.e. only the core is visible. Where there has been a well centred split, but some loss, insufficient ad​hesion or failed facing removal is usually the cause and not because of a plug as described above. Efforts to avoid this kind of damage must start with the core ad​hesive and/or with the gelatine and its enzymatic decomposition. Fig. 6 shows this problem during removal of the facing support. The splitting procedure was even and centred, but the inside of the script was stuck to the facing paper. With letters this is of little concern, because they can be differentiated due to their different outlines. With musical notes, however, the phenomenon may cause sub​stantial confusion: a half note can arise from a full note, thus changing the inter​pretation of the music.
The problem of script transfer to the facing paper is particularly connected to very porous and hydrophilic damaged areas in the original. The core adhesive can penetrate to its surface and even through to the gelatine layer. An indicator for this is a conspicuous "wetting" on the surface of the facing paper after core adhesion and the appearance of coloured paper degradation products there. Fig. 7 shows a detail of this type of damage in transmitted light. There are, clearly rec​ognisable, many holes. Such a case stems from the penetration of gelatine as well as of the core adhesive, and therefore delamination problems arise.
Not only does the migration of core adhesive seem to be a problem during core adhesion but it is also problematic during facing removal. It is provoked by heavy pressing after the enzymatic removal of the gelatine and/or by the rinsing immediately before the removal of the facing papers (see Fig. 1). The core adhe​sive leaks out, either because of the mechanical pressure or by being dissolved in water below the precipitation temperature (see annexe). The primary consequences of any kind of core adhesive migration are, less (too little) adhesive in the split​ting layer, and the surface becoming sticky. Secondary consequences are losses in the original and bubble or pocket formation after drying. Fig. 8 shows bubble for​mation due to excessive adhesion of the item's surface to the facing support paper.
The water film adhering to the normally hydrophilic facing papers already creates adhesive force to the surface of the original. If they are stronger than the inner cohesion of the original, lifting can occur, i.e. transfer of parts of the origi​nal onto the facing paper. In addition, any stickiness of the surface and/or its re​action with the gelatine can make the removal of the substrate decisively more difficult. In the same way, local enzyme inactivation or gelatine complexing, caused by certain substances in the original (see annexe: anticipatory tests), can lead to its insolubility with the result of fragmentary lifting. In the worst case, of inade-
quate cohesion and excessive adhesion, the splitting layer does not adhere to the core and gets lost together with the facing paper, or even flakes off after drying.
It is clear that losses can occur despite a central split, and there are numerous causes which can be responsible for this. Therefore the control steps are particularly important so that a fault can be analysed and successfully minimised. Figs. 9 and 10 show a successful splitting of grade 4 ink corrosion; before and after.
Conclusion
It has emerged that a non automated, partially manual splitting procedure is pos​sible. It provides a flexible process, which can be adapted to meet the various de​mands of different original items in order to avoid problems and damage. A stepped procedure has been found, not only providing a route for the majority of items, but also a system to filter out problematic cases for specific treatment. The establishment of a systematic approach leads to better results, and offers security during work. Troublesome complications, time-consuming fault searching and frustrations as a consequence of seemingly uncontrollable results, are significantly reduced because of the standardisation and control steps. This also means that the time required for the procedure is reduced.
It has already been emphasized that paper splitting is not a smooth procedure (cf. p. 180). Applied to suitable items it can, however, provide astonishing results. The systematisation presented here is particularly worthwhile for mass produc​tion. If such a project is waiting to be assessed, risk, expenditure and financial resources must be weighed against each other in mutual communication between both parties, who are giving and receiving the contract. The current statistical evaluation of the items split in the Institute where the research reported here has been done, shows that a controlled process as described provides enough in​formation for a realistic assessment of these three parameters. The greatest ad​vantage is that from the fault management described above (p. 191) risks can be foreseen and minimised to a certain extent.
The basic principle of the paper splitting technology can be learned in a few months. However, a great deal more time is needed to master the procedure, which requires not only manual skill, but discipline, precision, attentiveness, team work, dedication, time, organisation, consideration and competence. It demands continuous practise, experience and staying power. In two words: concentrated routine.
Our intensive and systematic occupation with the splitting procedure has lead to a complex wealth of experience. On this basis further efforts for improving, mainly the last procedural steps, i.e. removing the facing papers, will be made.
We are searching, for example, for a synthetic facing material with immobilised thermophilic enzymes attached to it.
Annexe: Note on practical application
Enzymes used for removing the facing supports
Until March 2001: Neutrase 0-5 L (Novo Nordisk), since March 2001: Corolase 7089 (Rohm). Of both the enzyme content is not standardised. In the data sheets it is quoted as 1-10% for Neutrase and as 1-5% for Corolase. Both relate to en​zyme components from the Protease bacillus subtilis.
Precipitation temperature
Dependent on the surrounding temperature methyl celluloses exhibit varying viscosities in aqueous solution and thereby migratory qualities. They have a ten​dency to be principally insoluble in warm water. The temperature at which the viscosity establishes a maximum static value is called the temperature of pre​cipitation. The process is fully reversible, i.e if the temperature is reduced, the substance regains its solubility. Precipitation temperature of MC must not be con​fused with coagulation temperature of proteins. Viscometric tests show that the temperature of precipitation of the adhesive mixture used here is ca. 50-55°C.
Inactivation of enzymes
It cannot be excluded that the high temperature together with low diffusion of this bath causes damage. For 120 splitting units 360 L are required, i.e. an average of 0.59 ml per square cm. Ink off-set or bleeding is to be observed only after this bath.
Tests for anticipatory categorisation
Transitional metal ions can chemically react with proteins, i.e. gelatine and en​zyme, by complex forming. This can result in reduced solubility of the gelatine and in blocking the active centre of enzymes. The composition of the ink and in particular its possible content of Gummi arabicum can indicate whether a harden​ing reaction with gelatine of either type A or of type B or an inhibition of the pro​teases is to be taken into account. This can also predict whether running-off or off-set of ink onto the facing support is to be expected in an unusual amount. The
risk of print or ink loss or other changes in the original item within the frame​work of the paper splitting process can at least be reliably assessed on the base of such anticipatory tests.
Rheopexy
Highly concentrated gelatine solutions do not behave like Newtonian liquids, the flowing behaviour of which is not dependent on the forces acting on it and on the period of this influence. Gelatine solutions, however, react strongly according to shearing forces and shearing tensions with raised viscosity, i.e. they become more solid. This leads to difficulties in moistening in the surroundings of the rotating rolls. This kind of raised viscosity via shearing forces is called "dilatancy". Lower​ing the viscosity of liquids via the influence of shearing or stirring forces is called "structural viscosity" or "pseudo-plasticity". If these phenomena are dependent on the period of exposure, i.e. if they become stronger with ongoing time, they are called "rheopexy" or "thixotropy". The differing flow behaviour in a gluing apparatus, which is to be observed empirically, might be based on the molecular structure of type A and type B gelatine and might be the cause for the differing tendencies to the formation of foam. Appropriate experiments will we carried out within the framework of contact to gelatine producing companies.
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Summaries
Paper Splitting: Systematisation, Quality Control and Risk Minimisation
An adaptable and repeatable procedural routine, for the splitting of biologically decomposed his​torical documents and based on risk assessment and experience is defined. Fault analysis, stand-

ardisation and evaluation of the paper splitting procedure are compiled. The process is based on mechanical and physical qualities, which determine the character of an item and to some extent influence each other. Therefore, care must be taken not to neglect individual parameters. The realisation and compilation of the several parameters and their mutual influence enable a sys​tematic and risk conscious implementation of the splitting process. A process control system has enabled, not only threatening complications to be recognised in advance and avoided in time, but also improvement in the final result. By means of the appraisal of the final result on the basis of reproducible criteria the success of the splitting is measured and defects are recognised. Evaluation of the final result and fault analysis leads in turn to the optimisation of the final pro​cedure and minimises risk. Neglecting individual points for reasons of economy will save nothing. Standardisation and quality control, however, have a positive influence on the quality of the final outcome and on the number of items that can be successfully treated.
Clivage du papier : systematisation, controle de qualite et minimisation du risque
Un «corridor de travail» a ete defini dans lequel des documents historiques decomposes de facon microbienne ont ete clives suivant une experience propre et une estimation individuelle du risque dans un deroulement de procedure reproductible et adapte aux differents originaux. Une analyse d'erreurs, une standardisation et une evaluation des resultats ont ete etablies pour la pro​cedure de clivage du papier. Le processus repose surtout sur les influences mecaniques et physiques qui se determinent reciproquement et dans une certaine mesure se renforcent par synergie.
C'est pourquoi il ne faut pas negliger de prendre en consideration certains parametres. La prise en compte et Petablissement d'une liste de plusieurs parametres s'influencant mutuellement ont permis d'implementer un precede systematique de clivage du papier qui tient compte du risque. Grace a un systeme de controle du processus mis en place il a ete possible non seulement de reconnaitre a l'avance et d'eviter a temps les complications qui menacaient mais aussi d'amelio-rer le resultat final. Au moyen d'une expertise du resultat final base sur des criteres reproductibles on jugera non seulement du succes mais on reconnaitra egalement les defauts de la procedure du clivage. L'evaluation du resultat final et l'analyse d'erreurs menent par ailleurs a une optimalisation et contribuent a minimiser le risque. Le fait de negliger certains points pour des raisons d'economie au sens de « reduire les frais » ne sert qu'a reduire les possibility de controle et de supervision.
La standardisation et le controle de qualite ont done un effet positif tant du point de vue qua-litatif que du point de vue quantitatif.
Systematisierung, Qualitätskontrolle und Risikominimierung beim Papierspaltverfahren
Es wurde ein ,,Arbeitskorridor" definiert, in dem mikrobiell abgebaute historische Dokumente entsprechend der eigenen Erfahrung und einer individuellen Risikoeinschätzung in einem re-produzierbaren und auf die Originale abgestimmten Verfahrensablauf gespalten werden. Eine Fehleranalyse, eine Standardisierung und Ergebnisbewertung fur das Papierspaltverfahren wur-den erarbeitet. Der Prozeß beruht vor allem auf mechanischen und physikalischen Einflüssen, die sich gegenseitig bedingen und teilweise synergetisch verstärken. Es wird davor gewarnt, ein-zelne Parameter zu vernachlässigen. Die Erkenntnis und Zusammenstellung der Einflußgrößen haben erst eine systematische und risikobewußte Durchführung des Spaltprozesses ermöglicht.

Durch eine Prozeßkontrolle können nicht nur drohende Komplikationen rechtzeitig erkannt und ausgeschaltet sondern auch das Endergebnis verbessert werden. Über die Begutachtung des End-ergebnisses anhand nachvollziehbarer Kriterien wird nicht nur der Spalterfolg gemessen, sondern es werden auch Mängel erkannt. Die daraus folgende Ergebnisbewertung und Fehleranalyse führt wiederum zu einer Optimierung und Risikominimierung. Die Vernachlässigung einzelner Punkte als ,,Einsparung" spart nur an Kontroll- und Steuerungsmöglichkeiten. Standardisierung und Qualitätskontrolle wirken sich daher sowohl qualitativ als auch quantitativ positiv aus.
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