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Abstract 


This paper discusses the implications of sonochemical 
research on the use of ultrasound in the delivery of 
moisture to paper objects. 


Introduction 


The use of ultrasound in cleaning objects of inorganic and 


organic composition has become widely practiced in commercial 


enterprises as well as in the examination of objects for flaws in 


structural integrity (1-5). Since its introduction into the 


conservation literature by Organ in 1959 (6) ultrasound has had 


frequent application to a wide range of materials (7-13). The source 


of the cleaning action is the delivery of mechanical waves pro-


duced by the piezoelectric effect through a gas or liquid medium 


to the surface of the object. Basically, this is the phenomenon 


caused by the application of oscillatory electrical energy on two 


metal plates creating an electrical field in which a crystal 


vibrates generating waves in a medium (1-5). This process in 


reverse is exploited in microphones where sound waves are trans


ferred from the air to a crystal of piezoelectric material and 


thereby made available for amplification. 


Background 
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A review of the use of ultrasound in conservation and relat


ed fields can put this technique into perspective since its 


application is spreading within the discipline(14,15,26,29). 


The two delivery media in ultrasonic use, gas or liquid, 


have lent themselves to various commercial applications and in 


conservation, as a hand-held vibro-tool (an adaptation of common 


dental equipment) and in baths to which ultrasonic waves are 


exposed. 


In his article, Organ (6) cautioned readers against potentially 


damaging effects of ultrasound (17). Firth (18) elaborated on these 


dangers with respect to cleaning fossils. As a scientist Organ was 


particularly aware of the chemical activation which could result from 


any exposure to ultrasound. Organ's described application was to 


cleaning bronze, materials which he could be reasonably sure would not 


be greatly affected by the energy delivered by ultrasonic waves (19). 


Later applications of ultrasound have been made to a wide variety of 


materials both organic and inorganic (7-13,14,16,18,20,21). A 


recent article by Abdulla (22),and three by Suslick and 


Doktycz(39, 40), however, should strike a note of caution to any 


conservator who has applied or contemplates the application of 


ultrasound to materials in collections, especially organic mate


rials. 


One must keep in mind that ultrasound, generally the subject of 


sonochemistry, is a potent form of non-electromagnetic radiation. 


This radiation, like other forms of radiation, can start some and 


accelerate other chemical reactions (22). The results of ultrasonic 
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radiation depend upon the type of application. Some examples are, 


a) simple exposure with an ultrasonic dental cleaner or scaler, 


such as the Cavitron tool, b) long duration of exposure, c) 


variation introduced by the solvent or gaseous environment, d) 


chemical interactions introduced with (c) above, by the constitu


ent materials of an object and its structure. For conservation 


purposes some examples of change are notable: yellow HgI 2 is 


converted to red HgI 2 (actually a phase change) at temperatures 


below 120 degrees centigrade(see Abdullah 22 and 40), compare 


with Plaster, et al, (23), and small glass fragments can be 


'abraded' from the walls of a test tube filled with distilled 


water (22). Chemical reactions are not only accelerated but some 


are initiated which do not occur under normal heating or mixing 


of reagents (22). The main processes of ultrasonic action is 


"cavitation" often mis-defined as the creation of vacuum bubbles. 


Actually, the process of cavitation is a complex process involv


ing the formation of bubbles in the solution used into which 


gases diffuse, apd followed by adiabatic 


compression. Though the exact action in cleaning or chemical 


synthesis is not known in all cases, the simple mechanical action 


is probably one of several agencies responsible for the cleaning 


observed. 


We must realize that exposure to ultrasound is a process more 


complex than a visualized applying of vibrations. Grattan (24) 


has kindly reminded me in this regard that, with reference to the 


kinetic theory, energy applied as one form of thermal energy 
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(vibrational, translational or rotational) is redistributed to 


the others (25). We must consider rate changes and activation 


energies whenever we apply energy to objects. Ultrasound is, in 


this regard, initiating a more intense reaction potential on 


component materials than the simple application of heat(41). 


Reactions, therefore, follow the ultrasonic irradiation of liq


uids(26) which can have profound effects on immersed objects, as 


when in water hydrogen peroxide is formed which can result in 


bleaching (27). Rath and Merk report fiber damage under certain 


circumstances (28). Of course a knowledge of the chemical and 


physical effects of ultrasound can be used to great advantage if 


conditions can be controlled to produce desired results as Masu


da(29) has reported combining the suction table and ultrasound. 


One must, however, still weigh these results against other 


changes initiated by ultrasound. 


Little experimental work has been done on the effects of 


ultrasound on organic objects. The work of Katz and Man (30) has 


shown that ultrasound radiation results in the introduction of 


significant diagenic changes in shell. For polymers in general, 


Russian investigators have found that exposure of polymethyl 


methacrylate results in degradation of the polymer chain (31). 


More work in this area needs to be done combining experimental 


work with treatment analysis. However, future studies should 


test several other modalities of treatment with ultrasound as 


well as with different types of materials of which objects are 


4 The 1992 Book and Paper Group Annual 







composed. 


Tests 


Other effects of ultrasound versus other methods can be 


easily observed by microscopy, for example, my own experiments 


with paper comparing typed text onto Strathmore 20% cotton fiber 


typewriter stock with text applied by a Brother Ax-22 electronic 


typewriter from a Brother correctable cartridge, with sample 


exposed to: 


1. Soaking only in de-ionized water for 10 minutes(see 


illustration "B". 


2. Exposure to steam from an Osrow Model SB hand fabric 


steamer from 3 to 5 minutes, basically enough time to saturate 


the paper with moisture (see illustration "C"). The paper sample 


was taped to a piece of rag board and fixed in a slightly in


clined position as is usual when using a steamer to deliver 


moisture during such standard operations as backing removals(42). 


The steamer mouth was kept at least 3 to 5 inches from the sample 


to minimize heating. 


3. Exposur~ to an ultrasonic bath in de-ionized water for 5 


minutes in Sonicor Model SC-105T, 50/60Hz cycles, 1.5 amps(see 


illustration "E", and 


4. Exposure to moisture delivered from an ultrasonic humidi


fier, a Biotech BT-200 unit, for 5 minutes(see illustration "D". 


Comparison of these results with the control(illustration 


"A") showed that the letter matrix fragmented and fissured in the 


ultrasonic bath and less so under the direction of moisture 
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delivered by ultrasonic humidifiers. Fiber movement is evident 
L.c,v\1Yo L 


in all the treatment samples compared with the sample, even the 
,;\ 


water only bath(see "A" & "B"). The sample exposed to steam("C") 


showed a deterioration of the type matrix which appeared to be 


due to melting or solvent action. But soaking samples in hot 


water(l25 F) did not produce the same effect, but samples placed 


in an oven at 175 C exhibits the same kind of effect. The sam


ples exposed to ultrasound humidification generally appeared like 


those bathed only in water, however, the checking of the type 


matrix appears strikingly similar in both "D" & "E", and while 


the energy delivered by humidification cannot be great, there may 


be some affinity between the matrix components and that energy. 


Further study of the uses of ultrasound in conservation should be 


undertaken to identify these relationships, especially in those 


applied to paper objects(5). 


Studies like that of Smith, et al (32) with 


pressure-sensitive tapes provide a wide range of physical and 


chemical approaches to the same problem and thereby a clear means 


of modality comparison. Of course, the lack of illustrations to 


show the effects of treatments or of standards to indicate ac


ceptable (or successful) levels of removals (fiber disturbance 


versus skinning, etc.) is unfortunate. For example, how do we 


judge how much adhesive residue left in the paper support is 


acceptable (33,34), or how much abrasion to the paper support? 


Questions like these must be answered for the field of conserva


tion to make progress as a scientific discipline (35). 
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Rose, et al, (36) have produced a very useful study that compares 


numerous types of treatment modalities (erasers) with one example of 


another modality (feather dusters). The effects of using both are 


amply illustrated in showing the results of their application by 


excellent photomicrographs. Pearlstein, et al, have compared the 


effects of various erasers on the physical and chemical properties of 


paper (37). This was a valuable study and coupled with ones exploring 


the surface effects and visual results (as in Rose, et al, above) 


would complete the necessary data for a thorough evaluation. 


Hopefully, experimental work can be combined by future researchers 


with the use of comparative treatment effects using macro and 


microphotography illustrations to give us clear and practically 


oriented conclusions to studies (38). 
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