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Abstract-

 

The authors have developed an automated method 
("Gunpoint mix”) (https://youtu.be/4uXC_OoP7EM) for

 

the 
manufacture of poultrices. The properties of the cellulose 
poultrices placed manually with those placed

 

with

 

the

 

"GunPoint

 

Mix"

 

method

 

applied

 

on

 

stone

 

substrates

 

of

 

known

 

characteristics

 

are

 

compared.

 

Arbocel®

 

BWW40

 

is

 

used

 

in

 

both

 

cases.

 

The

 

physical

 

parameters

 

of

 

the

 

cellulose,

 

the

 

microscopic

 

texture,

 

the

 

absorption

 

and

 

desorption

 

properties,

 

the

 

penetration

 

of a consolidating

 

product

 

and

 

the

 

ease

 

of

 

cleaning

 

are measured. The main advantage of the "Gunpoint 
mix" method lies in the speed of the application that

 

allows a 
very exact control of the application times. Given its good 
adhesion, it can be

 

applied with the same

 

speed in the roof 
and top of the vaults (upside down) without the risk of 
landslides. The water parameters of

 

each type of poultrice, 
provide information to the restorer to decide on what type of 
treatment is more

 

appropriate

 

to use a handmade poultrice or 
a "Gunpoint mix” poultrice.

 

Keywords:

 

paper

 

pulp,

 

poultrice,

 

gunpoint

 

mix,

 

comparative,

 

physical

 

parameters,

 

operability,

 

hand-
setting,

 

automatic

 

placement. 

I.

 

Introduction

 

n the field of the preservation-restoration of cultural 
heritage, it has been necessary to maintain

 

substances in contact with the surface of the area to 
be treated in order to be more effective, and

 

for

 

this 
purpose different

 

possibilities have been

 

used.

 

The terminology related to application of 
absorbent materials on a surface is called "Poultice" [1]

 

(English term), which in the Italian bibliography 
corresponds to "Papetta" or “impacco" [2], and to

 

“Pasten und Kompressen” in Germanic terminology [3]. 
The term used in Spanish is “apósitos” [4]

 

or

 

“papeta” 
[5].

 

Handmade placement of poultices is slow and 
laborious, which makes it difficult to put them on

 

site 
and to control the time of action on the products 
applied. During a long time, the authors have

 

developed 
an automatic projection method using compressed air 
to solve these problems and to

 

work on large surfaces 
(including complete buildings). The physical properties 
of the resulting

 

“Gunpoint mix” poultices (we will call 
them “GPM”, they are produced by the use of 

compressed air), which have a quite different behavior 
from that of the "handmade poultice", had not been 
analyzed in detail yet. A comparative analysis of the two 
types of poultices is presented here. 

The term "projected poultrice" is reserved for 
projection methods that release a previously mixed 
paste (mortar projection machines), which we consider 
to be very different from GPM. 

We must point out that our automated method 
mixes cellulose fiber with water in the air (at gun point, 
see fig. 1 and [6]), which is a significant difference with 
other machines; generally adapted mortar projection 
machines that project a cellulose plaster with water 
that has been previously kneaded. Although initially it 
was the application time / ease that motivated us to use 
our automated method, its use made clear that the 
projected poultices had a different behavior from the 
handmade ones, so we finally carried out this 
characterization. 
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Figure 1: Operation of the gun. Gun Point Mix (GPM) system. 

Note the helical path of the water flow. The gun has two small holes that project water at  an angle that generates torsion of the air 
jet so that it produces a complete mixture of air with cellulose and water 
 

II. Background 

Classical works on restoration materials for the 
production of poultices [7] [8] Naud et Al 1990 (Redman 
1999), establish the weight ratio between dry cellulose 
pulp and water of 1:5 as the optimal for workability and 
adhesion. In addition to characterizing the solid 
materials, they describe the flow and ebb of the liquid 
produced by the interaction of the two capillary systems 
(that of the pulp of paper and that of the substrate). This 
interaction between flows and ebbs, in its dynamic 
aspect, has not been studied in depth; we quote ([9] 
GISBERT) as the only case. Subsequent syntheses, 
focused mainly on desalination [10] Vergès-Belmin V. 
and Siedel H. (2005), investigate many aspects of the 
poultice-substrate system, although they do not 
characterize in detail the advection flows  and ebbs. 
Most of the works focus on characterizing the porous 
system of the poultices and the substrate in 
desalination-oriented development. The main conclusion 
until 2005 was that in order to obtain a dominant 
advection towards the paper fiber (which is a 
necessary requirement for an efficient desalination), the 
poultice must have a finer porous system than that of 
the substrate. 

 [11] SAWDY A., HERITAGE A. and PEL L. (2008) studied 
the behavior of the poultice, indicating that

 
it is based on 

the principles of diffusion and / or advection and that the 
efficiency of the method

 
depends on the type of 

poultice, specifying that an average size of the poultice’s 
pore diameter

 
smaller

 
than that of

 
the substrate is 

recommended.
 [12] [13] BOURGUIGNON 2009 synthesis describes all 

the previous experiences of automated
 

projection 
systems and insists on the important role of the 
discontinuity between the poultice and

 
the substrate in 

terms of the interaction between both subjects. This 
author studies the adhesion

 
of the poultice (handmade) 

and establishes the optimum water values in the 
kneading in order to

 
maximize adhesion. It must be 

noted that little attention has been paid to the 
methodologies of

 
preparation and placement of the 

poultice in scientific literature until now; in this sense, the 
work

 
of

 
[13] Bourguignon is a

 
remarkable contribution.

 
[14] Bourgès, A., and Vergès-Belmin, (2010) develop 
three tests to measure the consistency, workability and 
degree of adhesion of a poultice inspired in the tests 
used to characterize the setting of mortars. [15] Lubelli 
B., van Hees R.P.J.2010 and [16] Verges-Belmin et al.  © 2023   Global  Journals
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2011 characterize the poultices with different Arbocel® 
® fibers and study its workability indicating that the 
optimum humidity is Wc = 3.5 and 4 for BWW40; Wc = 
4.5, 5, 5.5 and 6 for BC200, BC1000, and mixture 
BC1000/BWW40. They also study the retraction during 
drying, concluding that it is of the order of 4 to 9% 
depending on the humidity of the air and the connection 
with the substrate. The stronger and thinner the 
adhesion of the poultice to the substrate is, the smaller 
the contraction will be. In order to work with cellulose 
poultices, substrate porosity greater than 15μm and not 
lower than 10μm is recommended. 

Regarding the way in which the poultice is 
elaborated and placed, we can establish that [17] 
Fassina et Al describe for the first time the manufacture 
of a poultice with a mechanical system of mortar 
projection. [18] Ettl, H. et M. Krus. 2003 indicate that  
the contact between poultice and substrate is a 
discontinuity that constitutes the main factor in the loss 
of effectiveness of the treatments. [19] Michael Auras 
(2008) cites that he elaborates poultices with mortar 
projecting machines and indicates that with those 
machines it is possible to inject particles into the 
substrate and that it is also convenient to interpose 
Washi (Japanese paper). [20] Gisbert et al (2011) 
patented a poultice projection system that mixes 
Arbocel® with water at gunpoint (GunPoint Mix system) 
[6], system that was used in this research. This system 
has been used in several restoration works. [21] 
Although there are citations about the use of projection 
systems, there are no studies regarding the variation of 
properties between projected poultices and handmade 
poultices. 

III. Objectives 

Characterizing the differences in physical 
characteristics and the behavior of cellulose fiber 
poultices depending on the type; this is, handmade 
poultice or Gunpoint mix poultice (made with an 
automated projection system). 

IV. Methodology 

a) Materials (Table 1) 
In order to elaborate the poultices, both 

“Handmade” and “GPM”, Arbocel® fibers with a size of 
BWW40 (from Arbocel®) and an average length of 200 
μm were used. Other fibers were not used because the 
projection system gets clogged with longer fibers. 
However, it is possible to project the BWW40 with clays, 
but this possibility is not explored in this first publication. 

In order to carry out the microscopic 
observation of the poultices, these were consolidated 
with Gurit SP 115 epoxy resin with yellow Struers 
Epodye dye (6135-1431). For microscopy, the 
preparations were performed in the SAI of the 
Universidad of Zaragoza, and viewed in a polarized light 
microscope. For the observation at higher 
magnifications a SEM (model JEOL SM 6400) of the SAI 
of the Universidad of Zaragoza was used. Using SEM 
photos, an exact drawing of each component was made 
and the percentages were obtained through digital 
image processing. The drying and the environmental 
control of the experiments were achieved by means of a 
climatic chamber (Binder KBF240). 

To evaluate the effectiveness of each poultice in 
terms of penetration of the restoration products in a 
substrate, the consolidant Syton® X30 (from 
KREMER) was used. It is an aqueous silica acid 
dispersion that presents a silica concentration of 30% 
and a specific weight of 1200 g/ liter. When it dries, the 
dispersion hardens turning into a dry gel structure with 
high chemical adhesion power. Due to the high 
chemical and temperature resistance, Syton® X30 is 
used as binder for mortars, surface modification 
medium and estender. This consolidant was chosen 
because of its versatility and relative low viscosity 
(another product was also evaluated (epoxy resin), but it 
presented high viscosity). 

Table 1: General characteristics of the involved materials. After [23] [26] 
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b) Temporary phases of work 
The work we present here was carried out in 

three different phases. 

First phase: Projected poultices were elaborated with a 
prototype of industrial projection [6] [20] using 
Arbocel® cellulose pulp (Rettenmaier Ibérica BWW40 
fiber). Two poultices (one was “GPM” and the other one 
“Handmade”) were placed on two test tubes of 5x10x10 
cm of sandstone from Uncastillo (upper side of 
10x10cm). Later, the poultice-rock aggregate was 
consolidated by pouring 10 g of the epoxy resin onto the 
surface of the poultice, and by allowing it to penetrate by 
suction. Once the resin had harden we carried out the 
observation / description of the poultices, both by SEM 
and through optical microscopy. In both cases, a rock / 
poultice slice had to be cut, in order to introduce it into 
the respective observation systems. In this way, the 
microscopic observation of the structure, as well as of 
the rock-poultice connection, were carried out, 
completing the textural and morphological 
characterization phase. 

The projection tests carried out with the 
“industrial” machine evidenced the lack of effectiveness 
of this equipment for its use inside a building given the 
amount of dust it generated. It was becoming necessary 
to create a prototype of a specific projection machine to 
be used in laboratory tests. 

In the second phase a small projection machine 
was created, which was achieved by the modification of 
a microabrasimeter. 

Arbocel® cellulose kneaded with water was 
used for both types of poultices. These two types are 
“Handmade” poultices, and “GunPoint Mix” poultices 
(we will call them “GPM”, they are produced by the use 
of compressed air). 

In this second phase, the suitability in the size of 
the substrate test tubes was tested, verifying that the 
5x5x5 test tubes used were too small to adequately 
characterize the processes. We also used a sandstone 
(Alastruey stone) with very low porosity, that was later 
replaced in the final experiments by another sandstone 
(Stone from Uncastillo) that had a greater porosity. 
However, in this phase a set of actions were taken in 
order to evaluate the cleaning difficulty for each type of 
poultice. 

In the third phase the definitive tests were 
carried out, using test tubes of 10x10x5cm of pine 
wood, limestone from Calatorao, sandstone from 
Uncastillo and Campanil limestone whose 
characteristics are known [23]; eight test tubes of each 
type in total (tables 1 and 2). 
 
 

Table 2: Petrophysical characteristics of each individual test tube. Measurement methodologies according to [22] 
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c) Production of the poultices 

Methodology: In both cases we used the same cellulose 
pulp mixed with demineralized water. In the case of 
handmade poultices, 38.4 grams of dry cellulose were 
mixed with 100 ml of water. In the case of GPM poultices 
the proportion was 52 gr of dry cellulose with 100 ml of 
demineralized         water. 

Projection method (Fig 1.): 
In order to generate the "GPM macro" poultice, 

an industrial equipment was used; it was a prototype of 
our own manufacture which needed a compressed air 
compressor of at least 7 atmospheres of pressure and a 
flow rate of 2 m3/ min. 

The laboratory equipment used for the 
generation of “GPM micro” poultices consisted in a CTS 
6 microabrasimeter. Cellulose was placed in an abrasive 
tank that has been modified by introducing a stirrer to 
prevent the cellulose from caking. 

“GPM micro” method allowed to generate a 
poultice at constant speed; 420 cm

2 per minute (5 mm 
thick); On the other hand, using “GPM macro” method, 
3300 cm2 per minute were achieved (in Spain it has 
been used for the cleaning/desalination of entire 
buildings, see [6] [21 a, b, c]). The system generated a 
poultice with a very good adhesion and it even allowed 
to place the poultice in vaults (upside down) without 
detachments and with a minimum pressure (that of the 
compressed air jet). 

Handmade method allowed to produce 
between 120-150 cm2 per minute depending on the skill 
of the operator and provided that the mixture of cellulose 
and water was previously prepared. 

d) Substrates, types and characteristics (Tables 1 and 2) 
The description of the behavior involved the use 

of stone supports that present known physical 
characteristics. In this sense, rocks described in 
previous works of the research team were used (Table 
1). These rocks covered a wide range of possible 
porosities in stone substrates. Test tubes of pine wood 
were used as well, but given wood was not one of the 
main objectives; its group is unique (pine wood). 

Test tubes were cut two by two from the same 
block so that one individual of each pair supported a 
"GPM" poultice and the other individual a "handmade" 
poultice; in this way we guaranteed that the comparative 
analysis is strict with regard to the support. 

Forty test tubes of 10x10x5 cm were used (table 
2), except for the color measurements, which used 
5x5x5 test tubes. The sides of all test tubes were 
waterproofed with plastic film in order to concentrate the 

absorption / evaporation processes on the face covered 

by the poultice. The upper face of the test tubes was 
covered with a “handmade” poultice on 4 specimens 
and with a “GPM” poultice on the other 4. 
 

V. Results 

a) Characterization of the materials used as a substrate 
In rocky substrates, the water properties of each 

test tube ([22] RILEM) (water absorption and suction) 
were measured to determine the apparent density and 
open porosity (Table 2). These same parameters were 
established for the poultices using a similar slightly 
modified methodology (Table 3). 

The same flow of water was always used in the 
“GPM” method. Therefore, the absolute values of water 
consumption could not be considered characteristic of 
the method. The flow  allowed regulation and could be 
greater or lower than the values (water flow) used in 
these experiments. In addition, the excess of water that 
did not penetrate the substrate was not taken into 
consideration. Consequently, the measured water 
values depended on the porosity of the substrate and 
the time of application. 

In "handmade" poultices ( ), whose application 
was much slower, the penetration -in the same 
substrate- was always greater. 

The efficiency and the water and cellulose 
consumption of the placement / projection systems 
were measured. Other measures regarding the behavior 
of the poultice consisted in the absorption of water 
(using an infiltrometer), water desorption, absorption / 
penetration of two different consolidants (epoxy resin 
and Syton®) and color change between the two 
cleaning phases (chance of cleaning 100% of the fibers) 
after the removal of the poultice with a standard 
cleaning. 

The consolidant was applied by pouring 10 g of 
the product (consolidant + solvent) onto the upper 
surface of the poultice; the liquid was not spilled 
because the lateral waterproofing was made to stand 
out in order to avoid this possibility. The test pieces were 
weighed after two months of hardening and drying and 
the amount of consolidant infiltrated (without solvent) 
was determined in milligrams per cm2. 

In order to evaluate the difficulty of cleaning, the 
color was measured two times, before starting the 
process and after a standard cleaning. As a “standard 
cleaning”, the test pieces were washed with slightly 
soapy water (1 g of detergent per liter), wiping them with 
10 soft brush strokes. Finally they were rinsed with 
distilled water using the same amount of water. 

b) Microscopic characterization of the poultices (Fig 2 
and 3) 

After the application of the two poultices (one 
“handmade” and another "GPM macro") over the 
sandstone from Uncastillo, they were dried completely 
before the epoxy resin was applied. 

Macroscopically (fig 2A), it could be seen that 
the "handmade" had lost volume during drying, which 
resulted in loss of thickness and detachment of the 
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substrate. The "GPM" maintained volume and adhesion. 
At this scale it is also possible to observe that the epoxy 
resin had penetrated about 1.5 mm under the 
"handmade" poultice and 3 mm under the "GPM" 
poultice. 
Using optical microscopy it was visible (fig 2B) 

 In the area immediately above the substrate, the 
“GPM” already had the homogeneous 
characteristics and micropores of the same order as 
the size of the fibers; conversely, “handmade” 
poultice presented a section of 1.5 mm with high 
macroporosity (holes of 10 to 30 times the size of the 
fibers). 

2) In the upper sections away from contact with the 
substrate, the "GPM", as in the initial section, had a 
fiber orientation of 45 to 90º with respect to the ones 
in contact with the substrate and it presented an 
homogeneous porosity. On the other hand, the 
“handmade” did still contain macropores although 
in a smaller proportion than in the initial section, and 
as we moved away from the substrate we could see 
a greater orientation of the fibers, with angles similar 
to those of the "GPM" ones. 

 Electronic microscopy (fig 3) has allowed to 
elaborate a detailed scheme (fig 3 results) of the 
porosities and of the penetration of the epoxy resin, 
the results were: 

a. The “handmade” had more macropores with a larger 
size (10.7% of 200-300 microns) and with an 
irregular distribution. In some cases the macropores 
drew the limits of the cellulose pellets that were 
formed in the kneading of the plaster. In the 
underlying substrate the penetration of epoxy resin 
was 16.7%. 

b. The “GPM” had less number of macropores that 
were smaller, and presented a more regular 
distribution (3.1% of 30-50 microns). In the 
underlying substrate, the penetration of epoxy resin 
was 25%. 

Regarding the differences in the amount of resin 
penetrated, it could not be ruled out that the difference 
had occurred because the substrate under the "GPM" 
was 8% more porous than the one under the 
“handmade”, as it was deduced from the calculations 
made with digital image processing. The quantitative 
data of the porosity of each type of poultice are 
presented in fig 4 and seem very reliable since they are 
very close to those obtained by a different method 
(water absorption, table 3). The value in the “GPM” was 
almost the same (87,5 versus 86,11), proof of the greater 
homogeneity of this type of poultice, and in the 
“handmade”, the difference was somewhat higher (85.7 
versus 79.17), which indicates a greater variability in this 
case. 

Fig. 2

 

A:

 

Macroscopic appearance of the two types of poultices.  

Fig. 2 B:

 

Texture

 

of

 

the

 

poultices

 

in

 

the

 

optical

 

microscope

 

 

 © 2023   Global  Journals

   

  
  

  
 V

ol
um

e 
X
X
III

 I
ss
ue

 I
I 
V
er
sio

n 
I 

  
  
 

  

6

  
 

(
)

G
lo
ba

l 
Jo

ur
na

l 
of
 H

um
an

 S
oc

ia
l 
Sc

ie
nc

e 
 

-

Ye
ar

20
23

C
Poultices Generated Mechanically with Compressed Air: “Gunpoint Mix System” Characterization and 

Properties. Comparison with “Handmade” Poultices

1)

3)



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Electron microscopy (SEM) and textural interpretation 

c) Efficiency of the materials (water and Arbocel®) in 
each type of poultice 

The composition of the poultices produced for 
this work were measured through weight control, divided 
in three steps: 1) before placing the poultice,                  
2) immediately after the placement, 3) after drying the 
substrate/poultice aggregate. The results of the process 
efficiency are presented in Table 3; these values provide 
a comparative analysis between both poultices. The 
detail of the substrate has been included because its 
roughness/porosity can also influence the consumption. 
Given the materials of the specimens were chosen with 
the idea of covering a wide range of roughness/ 
porosity, the average values of all of them can be 
considered characteristic of the method itself. 

In the “GPM” method, the same water flow 
(which allows regulation) was always maintained. Thus, 
the absolute values of water consumption could not be 
considered characteristic of the method. On the other 

hand, the measured water was the one that has 
penetrated into the substrate, which depended a lot on 
the porosity of the material as well. The measured 
values were greater in the handmade application since 
its slowness allowed a greater intrusion of the liquid. 

Cellulose consumption is representative of the 
method to the point that the amount of Arbocel® per 
cm2 was the same (0.12 gr/cm2) in the “GPM” method 
(Micro -mean of the 20 test tubes) than in the poultice 
projected using the industrial equipment (Macro-mean 

of 10 applications with 3000 m
2 of projection- [21]), fact 

that was surprising to us and that indicated that the 
difference between the projection equipment "Macro" 
and “Micro” was only its speed, of 55cm2 / second in 
the “Macro” and of 7 cm2 / second in the “Micro”. In any 
case, this result points to an extraordinary homogeneity 
in the functioning of the “GPM”, as we have designed it, 
by mixing water and cellulose in the air at gunpoint. 
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The efficiency in handmade placement was 
conditioned by the initial cellulose / water mixture (38.4 
gr Cell/100gr water) and by the porosity of the material 
since, in the case of the less porous samples, a 
superficial runoff / loss of water that had not been 
absorbed occurred, even though this factor had a 
human component according to the handling style and 
the pressure applied. 

In any case, handmade poultices were a third 
denser in comparative terms (they are 1/3 heavier in 
terms of cellulose per cm2). 

The process of placing “handmade” poultices 
was much slower than the “GPM” version, and the 

adhesion of the poultice was much lower, being difficult 
to place them on inclined surfaces and impossible in an 
inverted position (upside down). 
[15] (Lubelli et al 2010) determined an average pore 
size of 15 microns for BW40 Arbocel® compresses; 
from the SEM images (fig 3) it could be deduced that 
the “GPM” poultice had a slightly superior pore size but 
with an homogeneous distribution, whereas the 
“handmade ” poultice would have a slightly lower pore 
size (the fiber is more packed and the bulk density is 
somewhat higher) but with a more irregular distribution 
and with the presence of macropores that did not exist in 
“GPM” poultices. 

Table 3: Performance, composition and physical parameters of the poultices Water and cellulose expense in each 
case. The petrophysical values have been calculated on the average volume of the dry papetta and with the density 
value of the cellulose of 1.44 
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d) Water absorption: Evaluation with the infiltrometer 
The infiltrometer is a device that is used to 

know the infiltration capacity and water parameters in 
soils [16] and is very suitable in poultices for two 
reasons: 
1) It allows to measure the infiltration when placed on 

the substrate that wants to be studied. 
2) Poultices are similar to soils both in its physical 

characteristics and in the fact that they have to be 

studied using a method that does not modify its 
original texture. 

The infiltrometer allows to experimentally 
measure the suction coefficient of the poultice in a quick 
and easy way. This data is very hard to calculate by 
other means. 

The device was placed on the poultice with a 
water height pressure of 2 mm. With this pressure 
(which can be considered equal to atmospheric  © 2023   Global  Journals
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pressure), the absorption speed and the total volume of 
infiltrated water were measured until, besides the 
poultice, the rock also began to absorb water. This 
moment could be established very precisely; the slope 
of the infiltration curve varied substantially (fig.4). In each 
test we measured the absorption coefficient (in two 
modalities); first, as Cumulative Linearization (CL), that 
corresponded to the calculation method of the 
coefficient of absorption by linear regression of the first 
infiltration values with respect to the square root of time. 
The second one corresponded to the numerical 
optimization method of the simplified equation of [25] 
Haverkamp (1994). The latter, being more precise, 
coincided with the suction coefficient and therefore was 

directly comparable with the coefficient calculated for 
substrates according to the RILEM method. (22) 

Table 4 shows the values of the six tests carried 
out, in which it can be seen that “GPM” poultices have 
coefficients and absorption speeds of more than double 
that of the “handmade” ones. 

The detail of the infiltration curves on the 
poultice / substrate pair was reproduced in one of the 
cases (stone from Calatorao), so that the calculation 
steps can be understood. In the case mentioned, the 
rock presented a very low suction coefficient (table 4b) 
and was adequate to delimit the behavior of the 
poultice. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Infiltration curves of the two types of paper on Calatorao St. 

The reduced graph with a line is the one used to calculate the coefficient using the most characteristic section. The large graph in 
each case represents the behavior throughout the test time. The infiltration begins very fast, stretch in blue; Within this section you 
can see a faster first behavior (the water is only entering the papeta) and a slightly slower second (the water enters the papeta and 
also into the rock.) The green stretch corresponds to the absorption of the rock in its early stages (surface of the active but 
unsaturated rock.) The final red stretch corresponds to the slowest absorption of the rock when it has the entire saturated suction 
surface. 
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Infiltration on the pair "Poultice / limestone from Calatorao" 
We assume that the curve represents the 

infiltration on the poultice, given the effect of the rock is 
considered negligible (it has a very low quantitative 
value, see coefficients of suction in Table 4b). In figures 
4a and 4b we can observe the behavior of the two types 
of poultices. 

In the curve of the “GPM” poultice (fig 4a) 
infiltration begins very fast (0.22 ml/s, stretch in blue); as 
the test tube soaks, the rhythm decreases (0.03 ml / s; 
stretch in red), and when apparently, the entire poultice is 
soaked, infiltration almost stops (0.001 ml/s, stretch in 
green). This stopping was not complete, although this 
did not imply that water infiltrated into the stone from 
Calatorao, as water percolated through the contact 
surface and the sides. The behavior was very 
homogeneous        within each stretch. 

 The curve of the “handmade” poultice (fig 4b) is 
similar but presents curves with loose slopes

 
(0.1

 
ml/s, 

stretch in blue 0.02 ml/s, stretch in red and 0.003 ml/s, 
stretch in green) and with a slightly

 
more

 
irregular

 behavior.
 

e) Desorption: drying speeds 
The tests were carried out in a controlled 

atmosphere at 50% RH and 21ºC. In the cases in which 
the poultices were placed on a waterproof substrate 
(glass, see table 5), drying occurred slightly faster in 
“handmade” poultices for the first 8 hours. After 8-10 
hours the situation was reversed and “GPM” poultices 
dried up faster. 

In the cases in which the poultices were placed 
on porous substrates (table 6) the opposite happened; 
at the beginning, the “GPM” poultice dried up much 
faster but 3 hours later the situation was the opposite. 
 Regarding the physical evolution and the 
changes in the volume of the poultices during drying

 process
 
we can affirm (see

 
table 6 and fig 5):

 1)
 

The
 
adhesion

 
was

 
very

 
high

 
in

 
“GPM”

 
poultices

 
and

 notably
 
lower

 
in

 
“handmade”

 
ones.

 2)
 

The
 

loss
 

of
 

volume
 

was
 

greater
 

in
 

“handmade”
 poultices;

 
these

 
were

 
the

 
only

 
ones

 
that

 
presented 

superficial cracks. The lateral losses of adhesion 
were not very significant since they

 
were

 
produced 

by the
 
contact with a flexible

 
film.
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Fig. 5: Photographs of the retraction suffered by the poultices 

                                   A.-Handmade poultice on glass 
            B .- GPM poultice on glass 

                                  C.-. GPM poultice on Campanil
 
St

 
           D.- handmade poultice on Campanil St

 

f)
 

Penetration
 
of

 
the

 
consolidants

 
depending

 
on

 
the

 

type
 
of

 
poultice

 
used

 

The consolidants were applied by pouring 10 g 
of the product into each test tube and by removing

 
the 

poultice 30 minutes after its application. The test tubes 
were weighed after two months of

 
hardening and drying. 

The amount of infiltrated consolidant (without solvent) 
was determined in

 
milligrams

 
per cm2.

 

The
 
penetration

 
of

 
consolidants

 
was

 
evaluated

 

in
 
terms

 
of

 
quantity

 
(either

 
total

 
weight

 
or

 
percentage

 
by

 

weight)
 
and

 
quality

 
(suction

 
coefficient

 
variation).

 
See

 

tables 8 and
 
9.

 

The data about Campanil and Uncastillo stone's 
was not very significant because the standard

 
deviations

 

were
 
of

 
the

 
same

 
order

 
as

 
the

 
value

 
of

 
the

 
data.

 
The

 

values
 
indicated

 
that

 
the

 
penetration

 
was

 
greater

 
in

 

“GPM”
 

samples
 

in
 

the
 

case
 

of
 

the
 

limestone
 

from
 

Calatorao,
 

the
 
Campanil limestone and the pine wood, 

while in the case of the sandstone from Uncastillo it was
 

higher in “handmade” test tubes. In the case of the 
Campanil limestone, a marked absorption

 
anisotropy 

was seen in the direction perpendicular to that of the 
stratification, especially in “GPM”

 
poultices.
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The qualitative analysis consisted in comparing 
the change produced in the suction of the rocks, both in 
water suction (capillary suction coefficient expressed in 
g/m2 s1/2) and in the penetration height (penetration 
coefficient expressed in cm/h1/2). The comparison aimed 
to evaluate whether the penetration was homogeneous 
or to what extent it formed a superficial crust. This 
analysis was carried out only for the rocks from 
Uncastillo, Campanil limestone and for the pine wood. 

We must explain that both in the “handmade” 
and “GPM” poultices that were placed in sandstone from 
Uncastillo and in Campanil limestone, there were two 
test tubes that presented thicker pores and two that 
presented thinner pores. 

In the sandstone from Uncastillo (handmade 
poultice) the fine pored sandstones gained suction 
coefficient when consolidated and the thick pored ones 
lost it. In the case of the “GPM”, the same happened, 

but only with the fine pored sandstones, as the second 
ones lost suction coefficient when consolidated. 

In the Campanil limestone, both in ”GPM” and 
in “handmade” poultices, those with fine pores gained 
suction coefficient (although the values were close to 
zero) and those with thick pores lost it. The gain in fine 
pores limestones was greater in the “GPM” ones. 

Regarding pine wood, the “GPM” test tubes lost 
suction coefficient and the “handmade” specimens 
gained it (with the exception of one test tube), although 
the surpassing values were very low in both cases. 

In summary, the results showed significant 
differences depending on the pore size of the test tubes 
and the materials, which seemed to consolidate more 
homogeneously in the finest pore sizes. There were no 
significant differences depending on the type of poultice 
used. The results indicated a complex interaction 
between the consolidant, the poultice and the substrate. 
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g) Ease of cleaning 
The colors of the rocks were compared before 

and after the placement of the poultice, with two 
cleaning phases (that have been already described                   
in the methodology). In order to avoid the interference   
of the possible chromatic change produced by the 
consolidant, we only took into account the luminosity             
(L *). In this way, we have taken advantage on the fact 
that this value is the most significant parameter in the 
difference between the color of the substrate and the 
poultices. The results are shown in table 10. 

The pulp of paper without manipulation was 
slightly whiter than the poultices, and "GPM” ones were 
in turn whiter than the "handmade" ones. Even though, in 
the latter case, we checked that it depended on the 
surface roughness, because when an escape of liquid 
water had smoothed the surface of the “GPM” poultice, 
its values were identic to those of “handmade” 
poultices. 

From a physical point of view, when wet, “GPM” 
poultice was compacted with less pressure and in 
greater proportion than the “handmade” one. Once the 
poultices were dry, this phenomenon remained, and in 
addition, the “GPM” was disaggregated much more 
easily than the “handmade” one. 

In order to evaluate the adhesion of Arbocel® 
pulp (tablet 10) for cleaning purposes, the following 
values were subtracted: initial luminosity in each 
substrate (C1), the values after the detachment of the 
poultice (C2) and the values after brushing (C3). 

In C2-C1 substraction, the values that represent 
the best possible cleaning would be the values of zero, 
and the greater adhesion of the paper pulp would 
correspond to the positive values. Negative values are 
theoretically impossible. 

In C3-C1substraction the case is similar to the 
previous one. 

In C3-C2 substraction the best cleaning values 
would be the negative ones (the more negative, the 
cleaner it would be) and the greater adhesion of the 
paper would correspond to negative values close to 
zero. Positive values are theoretically impossible. 

In all cases regarding stone substrates, the 
results indicated that “GPM” poultice could be cleaned 
much better than the “handmade” one, whereas in 
wood the results were the opposite, this is, in the three 
cases the “handmade” poultice showed better results. 
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VI. Discussion 

A) The microscopic data are very clear in terms of the 
textural characterization of both poultices: In this 
sense, we highlight the concordance of the 
porosities obtained by optical methods with those 
obtained by petrophysical methods. Regarding the 
retraction differences between the two types of 
poultices, obviously the individual fibers have had to 
contract the same magnitude, but in the case of 
“GPM” that retraction was resolved at microscopic 
level and was not transmitted to nearby fibers due to 
lack of "contact between them". On the other hand, 
“handmade” poultice’s greater interlacement of the 
nearby fibers caused the retraction (at microscopic 
level) to be transmitted to the whole poultice. 

B) Regarding water and cellulose consumption in the 
elaboration of the poultices, in the case of the 
“handmade”, a reasonable workability was found in 
2.5 grams of water per gram of cellulose and in the 
case of “GPM” poultices it dropped to 1,9. However, 
in both cases some variation was allowed, although 
“GPM” had a great advantage due to its higher 
adhesiveness (with the same or less water 
percentage). The working speed was clearly 
favorable to the “GPM” (55 cm / sec versus 7 cm / 
sec in the “handmade”). “GPM” poultice had the 
additional advantage of being able to regulate the 
amount of water at will during the application 
process. 

C) Data regarding total porosity and density of the 
poultices, although approximate, were very relevant, 
because they allowed us to get an idea of the 
petrophysical behavior and to better explain the 
phenomena described in this paper. Thus, "GPM" 
poultice was less dense and more porous, but with 
a much more constant and homogeneous porous 
system than that of the “handmade” one. In regards 
to the capacity of infiltration / suction coefficient, 
there was no doubt of the greater capacity of “GPM” 
poultices, which was twice that of the “handmade” 
ones. 

D) Regarding the penetration of the consolidants, the 
amount of consolidant that penetrated was slightly 
higher if the process was controlled by “GPM” 
poultice. The difference, without being very large, 
seemed significant since it was graded by the pore 
size of the substrate. The biggest difference (in favor 
of the “GPM”) could be seen with stone from 
Calatorao (pore size 0.01 micron), then wood (0.2 
micron) and finally Campanil limestone (pore size              
1 micron). In sandstone from Uncastillo, that 
presented an average pore size of the order of 30 
microns, more consolidant penetrated when             
using the “handmade” poultice; the apparent 
contradiction in the case of epoxy resin is not such if 
we consider that the difference is produced 

because the substrate under the "GPM" is 8% more 
porous than the one beneath the “handmade”, as it 
was deduced from the calculations made through 
digital image processing (fig 4). However, the 
greater homogeneity of penetration seemed to be a 
relevant result, provided that this variable did not 
depend on the total porosity. This seemed to 
indicate that the orientation of the fibers in the 
“GPM” leaded the intrusion of the consolidant into 
the smaller pores and that when the pores were 
greater than 15 microns, the process was no longer 
effective and the size of the conduit became the 
most relevant factor. 

If we add the results in the modification of the 
suction coefficient to the above-mentioned data, we can 
observe a complex interaction between the type of 
consolidant, its viscosity, its contact angle with the 
material that has to penetrate, pore size in the substrate, 
orientation of the substrate (anisotropy depending on the 
stratification plane) and type of poultice. This situation 
complicates the data and its interpretation. However, 
taking into consideration that the modification of the 
suction coefficient is similar in both types of poultices 
and that the amount of consolidant that penetrates with 
the “GPM” poultice is higher, we can conclude that the 
homogeneity in the distribution of the product is better in 
the case of the “GPM” ones since a greater 
incorporation of product to the substrate increases the 
possibility of "plugging" the porous system, and this 
effect does not occur. The textural analysis of how the 
epoxy resin penetrates (fig 4) also points in this same 
direction. 

E) Regarding original colors, the darkness of the 
poultice over that of the pulp of paper that had not 
been applied is likely due to the fact that the 
manipulation deforms the fibers and incorporates dirt 
and salts impurities. The presence of small 
amounts of moisture after a gentle drying would act 
in the same way. 

F) Regarding the ease of cleaning, it must be first 
clarified that, in the comparison of color by 
subtraction between the three moments of 
measurement, the results that were considered 
"theoretically impossible" (negative values in C2-C1 
and C3-C1 and positive values for C3-C2) are 
possible in practice for two reasons: 

1) Experimental error. 
2) The variability in surface color caused by not 

measuring exactly in the same place. 
The analysis of the physical behavior of each 

poultice, after drying, indicated that in the “handmade” 
poultice the fibers were more locked together and 
formed a more solid, dense and coherent aggregate 
than in the “GPM” ones, observation that was in 
accordance with the manufacturing method and the 
petrophysical data of both (fig 3 and 4, table 3). These  © 2023   Global  Journals
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physical aspects were consistent with the fact that in all 
cases of stone substrates, cleaning was easier in the 
“GPM” ones; this result is consistent with the greatest 
incoherence of the cellulose particles in the "GPM" 
poultices. 

Wood test tubes worked the opposite (although 
the difference was small), which is quite peculiar. This 
may be due to the fact that this substrate is composed 
of cellulose and the projection system favors a certain 
tangle between the cellulose particles of the substrate 
and the poultice. 

VII. Conclusions 

Gun Point Mix poultice (GPM), produced 
automatically with compressed air, has an apparent 

density of 0.2 g/cm3, an application speed between 420 

and 3300 cm2/s (depending on the projection 
equipment) and a great homogeneity and adhesiveness 
(it allows to generate poultices in upside-down vaults), 

without this last property being translated into greater 

soiling. The porosity is homogeneous, of the order of 
86%, mostly (82.9%) with a size of the same order as the 
fiber used (10x 200 μm) and to a lesser extent 

(3.1%) with larger pores (30-50 μm). Its hydraulic 

conductivity is 1 l/m2
 
s-2. The system allows to regulate 

the amount of water at operator's will and needs a gun 

and compressed air equipment specially designed for 

the projection. 

The “handmade” poultice has an apparent 

density of 0,3 g/cm3, an application speed between 

120 and 150 cm2/s
 (depending on the operator skills), a 

low homogeneity and adhesiveness and a soiling 
capacity similar to that of the “GPM” poultice. The 
porosity, of the order of 86%, is bimodal; mostly (75%) 
with a size of the same order as the fiber used (10x 200 
μm) and another (10.7%) of larger size (300-500 μm) 

derived from the handmade kneading process. Its 

hydraulic conductivity is 0.6 l/m2s-2. The system allows 
to regulate the amount of water at operator's will, whose 
skills can partially modify the characteristics that have 
been described. 

During drying, in the first phase (dragging by 
suction of liquid water to the surface) “handmade” 

poultices dry faster, and in the second phase (water 
vapor diffusion) the “GPM” ones are more efficient. 

The “handmade” poultice allows the products 
to more efficiently infiltrate in substrates with an average 
pore size greater than 15 μm, while the “GPM” is more 
efficient in rocks with smaller pore sizes. 

When drying, the “GPM” is less coherent and 

more prone to being sprayed than the manual. 

The ease of cleaning is good in all cases, but in 

stone substrates the “GPM” is significantly better. In the 

case of wood, the opposite happens, “handmade” 

poultice is slightly better. 
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