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ABSTRACT 
 
The purpose of this final project is to study and check possible improvements of wood 

behavior against fire, trying not to burn the material. And if the ignition is carried out, it is at 

higher temperatures; delaying the speed of flame propagation and causing the wood keeps 

its initial properties and not modified by the fire action.  

 

In order to achieve the objectives, impregnations were made on samples with three 

different products (Sodium Borate, Sodium Silicate and Potassium Silicate). Some of the 

parameters to take into account are the study of behavior with a single product 

impregnation, the combination with two of them and double impregnation. 

 

Guidelines to follow for experimental work are this: 

 

- Select the type of wood to work. 

- Study the most appropriate method of impregnation and perform initial tests on 

samples of wood and a dye solution, in order to set the optimal parameters (time of 

impregnation, drying and temperature of the samples) to get penetrate the product 

as much as possible. 

- Impregnate specimens for work after having determined the process to follow. 

- Verify the samples were impregnated. 

- Submit the treated and untreated samples to different fire tests. 

- Analyze the results and list them in order to understand the data in terms of the 

product used, method and timber cutting. 

- Comparative study of the experimental results to get some final conclusions. 

 

After the experimental part of the project and the conclusions drawn from it, memory is 

written and improvements made by different applications of chemical solutions are 

described. 
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GLOSSARY 
 

Carbonize: reduce to coal, more or less pure, organic body by the action of incomplete 

combustion. 

Combustion:   exothermic reaction of a substance called fuel with an oxidant, 

called combustion, the phenomenon is usually accompanied by a light emission in the form 

of flames or glowing with evolution of volatile and / or fumes, and may leave a residue of 

ash. 

Combustible: sustancia susceptible de arder, requiere calentamiento previo para 

desprender vapores para llegar a la combustión; bajo condiciones de ensayo determinadas. 

 

Crack: Fibers separation in the longitudinal direction, generally due to loss of moisture from 

the wood, but sometimes from other causes such as frost, or the felling of trees. 

 

Fire behavior: physical and chemical changes set of a material or building element subjected 

to the destructive action of fire. 

 

Solution concentration: amount of a substance dissolved in a defined volume 

of solvent, usually expressed in% mass per volume percentage. 

 

Temperature-time curve: conventional variation of temperature in versus time for 

experimental testing of fire resistance. 

 

Deflagration: An explosion with a propagation front traveling at subsonic speeds, as 

compared to supersonic. 

 

Ignite: Cause to start to burn. 

 

Fire stability: Suitability of a building element, bearing or not, to remain unchanged in its 

mechanical function under the action of fire for a certain period of time. 

 

http://en.wikipedia.org/wiki/Deflagration
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Smoke: Visible solid and liquid particles set suspended in the air from combustion or 

pyrolysis. 

 

Fire Retardant: A substance which has the quality to eliminate, reduce or delay the 

combustion of certain materials. 

 

Fireproofing: Application of treating a material using flame retardants. 

 

Fireproof: That does not burn or is not easily destroyed by fire.  

 

Oxygen Index: Is the minimum amount of oxygen expressed in percent by volume of a 

mixture of oxygen and nitrogen to support combustion of a specimen under specified test 

conditions. 

 

Inflammable: Easily set on fire; that will burn readily or quickly. 

 

KSil: Potassium Silicate, inorganic substance is in aqueous solution. 

 

Nasil: Sodium Silicate, inorganic substance is in aqueous solution. 

 

Knot: A part of the tree where a branch has been overgrown by the tree and incorporated 

into its trunk. 

 

Pyrolysis: Chemical decomposition of a substance by heat. Process of converting a solid 

substance to combustible fumes by raising its temperature. 

 

Fire resistance:  The ability of a building element, component, equipment or structure to be 

kept for a period of time stability, tightness, thermal insulation required and non-flammable 

gases, as specified in fire resistance tests. 
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Fire retardant: A chemical used as a coating for or a component of a combustible material to 

reduce or eliminate a tendency to burn; used with textiles, plastics, rubbers, paints, and 

other materials. Also known as fireproofing compound. 

 

Solubor: A crystalline compound that is the sodium salt of boric acid and is used as an 

alkalizing agent. 
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CHAPTER 1: INTRODUCTION 
 

1.1 Presentation 

This Project arises by the Laia Hauries’ and Joaquin Monton’s purpose. It´s the continuation 

of a previous Project about wood preservatives and treatments by Javier Ferrer Sánchez: 

Experimental study of protective treatments for wood fire. This study is in place between 

materials section and lab fire. 

 

From the beginning, we have been interested in a practical work because we could 

investigate and try to carry out the objectives. For this reason, we meet with our tutors for 

discuss the parameters. After that, we decided to get into this study. 

 

1.2 Objective 

Having documented and know the materials and tests that will be used in the process, we 

decided to conduct the study with pine wood, keeping in mind that pine responds best to 

fireproof treatment.  

The proposed action is to study and analyze the benefits to the wood by impregnation with 

various retardants such as Sodium Borate, Sodium Silicate and Potassium Silicate, subjecting 

it to various tests of fire. 

 

Besides the study of improvements before the fire and the behavior that shows each of the 

products, also be evaluated and compared the synergy between products. 

 

To optimize the process and achieve the desired results, one must be rigorous in the 

impregnation phase samples, controlling the time of obtaining the vacuum inside the bell, 

the time must stop the vacuum pump and parts in place immersed in the solution once 

broken vacuum. 

It is also important to make a progressive drying of the samples to avoid changing the size, 

shape and structure of them. All these aspects are taken into account in order to quantify, as 

far as possible, the amount of product that penetrates the wood so you can compare the 

different reactions and behaviors depending on the treatment used. 
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CHAPTER 3: PREPARATION OF MATERIALS 

3.1 Introduction 

This chapter explains the first phase of the pilot study, which is to prepare the samples 

and the various products that are to be treated and the method used for impregnation. 

 

Impregnation methods explained in Chapter 2, has opted for fireproofing in depth. Since 

we can treat the wood to maintain its beauty and its resistance to fire longer. 

Given the impossibility of conducting the study in an autoclave, we sought an alternative 

that combines vacuum impregnation by immersion system. 

3.2 Materials used 

In the following sections provides an account of all those products that have been 

required to carry out this project. 

3.2.1 Wood samples 

In order to limit the study of wood treatments to a feasible number of tests sufficient to 

determine results, and based on previous project which was based on the study of two very 

common types of wood in Spain: pine and there, is selected pine (radiate pine specifically) 

because better results were obtained in the fire behavior with beech wood. 

 

Selected samples of pine were obtained from two strips of solid wood, without glue 

and without any prior treatment. One axial cut in the face and the other in the radial. 

Initially, cut a total of 100 samples, which have finished using 91: 13 of them were used for 

testing with the dye, 6 cuts on her face in the axial and radial 7, 68 to impregnate with 

different products, 39 have been cut on the face 29 in the axial and radial. With 

dimensions of: 

- Court axial: 39 samples of 10cm x 7cm x 2cm. 

- Court radial: 4 samples of 8cm x 7cm x 2cm; y 25 muestras de 10cm x 10cm x 10cm. 

 

The nomenclature to continue to track closely the evolution of each has been an "M" 

followed by a number (1 to 100). The first samples have been used to test the method of 
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impregnation and get to some parameters that work well when impregnated, others have 

been dismissed by significant defects in the wood cracks, knots or cracks. 

 

All samples were weighed and measured at room temperature upon receipt at the 

laboratory of fire. Have subsequently been subjected to progressive drying oven to 

remove free water and bound water and the solution to permeate can penetrate through 

the vessels. The drying process has occurred at 60 C, 75 C and, finally, to 100C, has taking the 

weight and relative humidity in each of these temperatures. The drying process lasted 2 

days. 

 

 

 

3.2.2 Impregnation treatments 

The use of protectors to treat the wood is very old, although great advances have 

occurred in the middle of this century, it is known that in the year 86 BC, it was not possible 

to burn a tower of wood impregnated with alum (potassium aluminum). The 

Egyptians submerged wood in a solution of vinegar and alum, the Romans added to these 

Figure 3.1 Drying oven 
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compounds combustible substances such as clay and silt, and subsequently have 

been using other combinations. Most of the combinations used were products based 

on phosphorus, nitrogen, boron, silica and others such as ammonium phosphate, 

ammonium sulfate, borax and boric acid. 

 

There are some very striking ancient techniques to protect against fire wood also 

enhance the protection of it against destructive to other agencies, for example, Shou-sugi-

ban. Technical Japanese origin, is based on  a superficial burn wood tables (currently using 

temperature-controlled torches) to proceed then a brushed surface, washing with 

water, dried and later to finish giving it a natural oil impregnation Penofin type, which 

must be renewed from time to time (one year, basically). [11] 

 

 

 

 

 

 

 

 

 

 

 

 

Based on all this has seen fit to study the action of borates and silicates in the wood, and 

the synergy between them. 

Looking for information on commercial houses of derivatives of borates and silicates, have 

been contacted BRENNTAG Química SA, which has provided us with free products ordered 

to carry out all necessary solutions for the project. 

Commercial products have been used to prepare the study was: 

- Dye IBERIA (fixative salt and dye). 

- PROCOTÍN (dye-alcohol type, oak color). 

- Solubor (Octoborato disodium tetrahydrate, Na2B8O13 · 4H2O). 

- Nasil (Sodium Silicate, Na2SiO3). 

- Ksil (Potassium Silicate, K2SiO3). 

Figure  3.2  Wood protected by Shou-sugi-ban technology  [11] 
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3.3 Impregnation by vacuum 

The impregnation method has been to make the particles entering the products in the wood 

samples to saturation of the same. 

To carry out this process has identified the wood samples have been prepared to 

permeate solutions and equipment necessary for the development of experimental study. 

In subsequent sections explain the process that was followed, as well as appliances and tools 

that have been required in each phase. 

3.3.1 Preparation of products 

· Solubor: 

To obtain the proportions of the solution has been taken into account the conditions of 

temperature and the solubility of the product. Given the following graph of solubility 

of sodium borate concentration and the table has been achieved Solubor a concentration 

of 25%. 

 

At the time of making the solution, have warmed the 3.000g of water at 40 C being 

required to do so using a heatable plate, a metal container, a thermometer, a precision scale 

and a shaker to help keep the liquid moving and avoid the precipitation of the solute. 

 

On the other hand have weighed 1,000 g of powdered Solubor and have been slowly 

dissolving in hot water. 
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- From the above result following amounts: 
 

3.000g H2O + 1.000g Solubor = 4.000g solution to 25%. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

  Figure 3.3  3.000g of H2O weigh on digital scale 

Figura 3.4  1.000g Solubor weigh on digital scale 
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· NaSil: 

For the preparation of sodium silicate has been 

enough to pour a quantity of product sufficient 

to cover fully the Woods (3.212g) in 

the aluminum bowl without having to apply to 

make the solution temperature and the salt in 

liquid.  

 

· KSil: 

It has followed the same procedure for the 

potassium salt because, as the Nasil, is 

marketed in liquid form. 

 

At all times, has taken the precaution of wearing latex gloves and a gown to avoid contact 

of the three products with the skin and alter the samples to a minimum. 

  

3.3.2 Preparation of samples in vacuum and impregnation 

With the prepared solution that was used in each case, samples were selected from the 

oven to be treated, have been weighed with digital scales and taken the moisture content. 

 

The samples were placed in a 

metal cage with compartments 

to keep the pieces separated 

from each other, lest they come 

to the surface weights are 

placed above the cage. 

 Figure 3.5  3.212g NaSil 

Figure 3.6  Metal cage to place samples 
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For the impregnation of the sample was 

mounted vacuum circuit simulating an 

autoclave, adapted to the resources 

available in the laboratory. 

 

This circuit is to get a vacuum in a bell cage 

containing wood samples in order to release 

air from the capillaries of the wood and 

then allow liquid to pass between the bell 

and penetrate the wood fibers. 

 

Synthetic grease is placed on the contact 

surfaces between the two sides of the hood, 

to prevent entry of air. 

 

After several tests, it has been shown that too much time maintaining the vacuum once the 

solution has been introduced does not provide improvements in the quality 

of impregnation. That is why in each impregnation was determined to leave a vacuum for 25 

minutes, once the wood is completely covered with the product. After this time, pressure 

has been recovering slowly and left the cage with samples completely submerged for 

24 hours. 

After 24 hours the samples have been taken out of the hood and have allowed to air dry 

for at least 48 hours. Later it has made over the same drying process before trying, have 

been introduced in the drying oven temperature to rise gradually to 60ºC, 75ºC and 

finally 100ºC, scoring in every moment the weights in order to control the amount of 

product that has penetrated the sample. 

 

In order to perform combinations of two products, which has become a second 

impregnation is the same process as the first. Once complete re-write the weights and 

calculate the amount of fluid has entered the second impregnation. 

 
 
 

Figure  3.7  Bell with cage, 6 samples and 
two weights 
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The vacuum system consists of: 
 

- A metal container to contain the solution (1). 

- In the case of Solubor, a hot plate and stirrer to maintain the temperature of the 

solution at 40 C to avoid precipitation (2). 

- A rubber tubes tolerate high temperatures and direct the solution from one 

container to another (3). 

- A glass pipette to enter the liquid (4). 

- A metal flange that closes and opens depending on whether you want to allow to 

drain to the bell or not. 

- A glass bell which produces the vacuum impregnation is performed (5). 

- A wire mesh cage with weights to hold the wood samples and avoid the floating of 

the same. 

- A gauge to measure pressure (6). 

- An air extraction pump that allows a vacuum 8mbar (7). 

 

 

  

1 

2 
3 

4 

5 

6 

7 

Figure  3.8  Details and impregnation vacuum equipment 
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CHAPTER 5: FIRE BEHAVIOR TEST 
 

5.1  Introduction 

After completing the stages of preparation of the samples impregnated with different 

products, second impregnations in some cases and verification of solution penetration into 

the wood, takes place the last phase of the experiment, the performance of the tests fire 

behavior to see if the treatments carried out in the woods fail to delay or modify the effects 

caused by fire on them. 

 

In this study it was decided to submit the samples to two types of standard tests that 

simulate, in controlled circumstances, which might be the cause a flame initiation and 

propagation of it causing a fire. 

The tests that have been subjected in the laboratory samples have been the Dripping test 

and Limiting oxygen index (L.O.I.) test. 

There have been two tests in the samples impregnated with each of the products and in all 

possible combinations of two products (all this repeated for samples of axial and radial face). 

Previously, samples have been tested without any treatment, cut by the axial and radial face, 

to compare wood reactions treated with several products with wood reactions chemically 

unaltered. This table shows the samples that have been subjected to fire tests and the type 

of cut wood and the treatment performed: 

 

LIST OF SAMPLES TESTED 

RETARDANT TEST CORTE SAMPLE 

UNTREATED 

L.O.I. 
AXIAL M62 

RADIAL M100 

DRIPPING 
AXIAL M59 

RADIAL M99 

SOLUBOR 

L.O.I. 
AXIAL M47 

RADIAL M83 

DRIPPING 
AXIAL M48 

RADIAL M85 

SOLUBOR + SOLUBOR 

L.O.I. 
AXIAL M5 

RADIAL M19 

DRIPPING 
AXIAL M7 

RADIAL M17 

Chart 5.1 List of samples tested 
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LIST OF SAMPLES TESTED 

RETARDANT TEST CUT SAMPLE 

SOLUBOR + KSil 

L.O.I. 
AXIAL M12 

RADIAL M84 

DRIPPING 
AXIAL M46 

RADIAL M21 

KSil + SOLUBOR 

L.O.I. 
AXIAL M50 

RADIAL M89 

DRIPPING 
AXIAL M53 

RADIAL M88 

SOLUBOR + NaSil  

L.O.I. 
AXIAL M44 

RADIAL M80 

DRIPPING 
AXIAL M45 

RADIAL M82 

NaSil + SOLUBOR 

L.O.I. 
AXIAL M27 

RADIAL M78 

DRIPPING 
AXIAL M28 

RADIAL M77 

KSil 

L.O.I. 
AXIAL M58 

RADIAL M98 

DRIPPING 
AXIAL M55 

RADIAL M97 

KSil + KSil 

L.O.I. 
AXIAL M52 

RADIAL M86 

DRIPPING 
AXIAL M51 

RADIAL M91 

NaSil 

L.O.I. 
AXIAL M39 

RADIAL M76 

DRIPPING 
AXIAL M8 

RADIAL M95 

NaSil + NaSil 

L.O.I. 
AXIAL M32 

RADIAL M92 

DRIPPING 
AXIAL M33 

RADIAL M93 

NaSil + KSil 

L.O.I. 
AXIAL M31 

RADIAL M81 

DRIPPING 
AXIAL M29 

RADIAL M79 

Chart 5.1 List of samples tested (continuation) 
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5.2 Dripping test 

To perform this test we have followed the Spanish Standard UNE 23-725-90. 

This standard defines an assay method applicable fire reaction of materials of any thickness, 

in order to contribute to its classification as it relates to their fire behavior and building 

materials. 

 

The test consists of subjecting the samples to constant heat radiation and eventually causes 

inflammation of the evolved gases and flaming droplets or not. 

5.2.1 Equipment 

The equipment consists of the following: 

- A radiator device with a nominal power of 500W whose radiating surface is a 

transparent quartz disc 100mm in diameter (1). 

- A specimen holder consists of a metal ring fixed, horizontal 122mm inside diameter 

that is placed on a metal ring movable horizontally, 118mm in diameter, on which 

stands a steel wire of the following (2): 

· Light mesh: 2,10mm x 2,10mm. 

· Wire diameter: 0,7mm. 

- A cylindrical receptacle drops of 118mm diameter and 12mm deep. Cellulose 

wadding padding (cotton wool 100% health) (3). 

- A vertical column that supports these three elements (4). 

- A meter and a voltage regulator (5). 

- A timer (6). 

- A bell (7). 

- A thermocouple and a digital receiver (8). 

The radiator is placed at the top, with a horizontal disk heating down. May rise 

slightly and rotate horizontally. A cap can return it to its normal working position. 
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In normal working position the vertical axes of the radiator, the specimen holder and drops 

receptacle must match. 

The assay equipment was placed inside a bell when the ventilation system hasn’t been in 

operation during the test (9). 

The receptacle is a 300mm drop below specimen holder grid. 

The radiating surface of the radiator is 30mm from the upper face of the specimen. 

 

 

 

  

1 

2 

3 
4 

4 

5 

8 
9 

Figure 5.1 Dripping machine details 
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5.2.2 Assay method 

After the vertical column mounted on the radiator, and the specimen holder the drops with 

relevant distances, the sample and the thermocouple on the top side of it (removing the 

radiator so that no impact on the sample); has been operating the system power voltage 

gradually rising to reach 490W (as a precaution). 

 

Having achieved the desired power, wait a period of approximately 20 minutes so the 

radiator is at steady state. This will take about 45 minutes. 

 

When the radiator has managed to remain stable 490W, the radiator is arranged in the test 

position and the timer to 0. 

Each time the sample is ignited, has departed the radiator (always waiting 3 seconds). When 

the flame has extinguished put back in place and the process is repeated as many times as it 

has been necessary during the first 5 minutes of the assay. 

 

 

 

 

 

 

 

 

 

 

6 

7 

Figure 5.1 Dripping machine details 
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Samples were tested at room temperature and relative humidity between 12% and 15%. 

 

· Reaction of different samples submitted for Dripping test: 

 

  

Figure 5.2 Sample M93, Doubly impregnated with NaSil 

Figure 5.3 Sample M82, Impregnated with Solubor and NaSil 

Figure 5.4 Sample M51, Doubly impregnated with KSil 



Wood protection against fire by combining different products                                                    23 

 

 

 

 

 

 

 

 

 

 

At the end of the test have recovered the data collected by the thermocouple in a computer 

program. Data table shows the sample temperature every second. 

The data have been interpreted in a graph to see the temperature evolution throughout the 

testing process. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 5.5  Sample M59, Untreated 

Figure 5.6  Data recorded by the thermocouple 
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The parameters taken into account to interpret the results were: 

 

- The flaming droplets or not (in any of the cases studied drops were precipitated). 

- Time in which inflammation occur, their duration and the length of the flames. 

Inflammation were not considered as effective if not persisted for at least 3 seconds. 

- Emission and smoke characteristics. 

- Appearance and the amount of waste. 

 

All data obtained on the samples tested and the results are collected and discussed in the 

attached sheets. 
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5.3 Limiting oxygen index (L.O.I.) test  

The purpose of this test has been adapted to the European standard EN ISO 4589-1, which 

describes the method, equipment needed, the type of samples to test and procedure use. 

 

This assay determines the burning behavior of the specimen by the oxygen index and a 

flame is applied to the sample surface for a maximum of 30 seconds with a withdrawal of 

the flame every 5 seconds to check if the specimen is burning . This also ensures that the 

specimen temperature doesn’t rise excessively as this would lower, normally, the value of 

oxygen. 

5.3.1 Equipment 

The equipment used is composed of: 

- Fireplace, which consists of a tube of heat resistant glass supported vertically on a 

base through which can enter the gas mixtures containing oxygen. The dimensions 

are 450mm high and 95mm in diameter. (1). 

- Metal base to support the fireplace (2). 

- Supply of gas, including oxygen pressurized sources (3) and nitrogen. (4).  

- Supply of propane gas (5). 

- Flame lighter (6). 

- A rotameter, which analyzes and measures the proportion of oxygen (7). 

- A timer (8). 

- Smoke extraction system (9). 

- Specimens of size: 70mm x 20mm x2mm (10). 
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Figure 5.7 L.O.I. machine details 
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Figure 5.8 L.O.I. machine details 
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8 
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5.3.2 Assay method 

The test procedure has been to determine how much oxygen from the specimen tested 

burning or not. 

The first sample to be tested has been untreated in order to have an idea of the proportion 

of oxygen and nitrogen to start within the successive samples. 

 

The specimen was placed in the holder, the rotameter has been turned and opened all the 

gas keys (in order from closest to farthest). 

The smoke hood is held up during the test. 

 

To determine the oxygen index, we applied the mixture of oxygen and nitrogen desired in 

the column and has lit the sample surface with the burner for a maximum of 30 seconds, 

removing the flame every 5 seconds to check if it’s burning. 

 

At the moment that the flame exists, it must control the burning time of the piece and, once 

extinguished, the height of the sample burned. 

This procedure has been repeated with samples treated with the same solution, varying the 

proportions of oxygen and nitrogen, until it be between two values that are the turning 

point between burning 50mm or not. 
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The parameters taken into account to interpret the results have been: 

- The oxygen concentration needed. 

- The combustion period. 

- The length burned. 

- Response if sample burns or not. 

 

All data obtained on the samples tested and the results are collected and discussed in the 

attached sheets. 

  

Figure 5.9 L.O.I. test 
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CHAPTER 6: LEACHING 

As discussed in section 2.8 of the report, the procedure for this test has been adapted to the 

norm because the desired results don’t require the parameters indicated. 

6.1 Process 

Have been selected 8 samples for the study of leaching, which 6 are impregnated 

with different products and 2 are untreated. The following table shows the wood selected 

for analysis: 

 

 

 

SAMPLE DATA 

SAMPLE COURT RETARDANT 1 RETARDANT 2 
RELATIVE 
HUMIDITY 

(%) 

WEIGHT 
(g) 

% 
RETAINED 

M5 AXIAL SOLUBOR SOLUBOR 6 36,5 54,2 

M12 AXIAL SOLUBOR KSil 11 29,4 60,6 

M13 AXIAL SOLUBOR - 10 29,6 24,5 

M16 RADIAL SOLUBOR - 11 27,5 12,2 

M39 AXIAL NaSil - 13 28,5 19,4 

M65 AXIAL - - 6 20,6 - 

M86 RADIAL KSil KSil 13 28,7 9,2 

M100 RADIAL - - 6 20,3 - 

 

Before testing, samples were cut with the following measures: 5cm x 5cm x 2cm. Have 

been taken the samples humidity with the hygrometer moisture at room temperature and 

had been weighed with digital scales. 

 

Chart 6.1  Sample data to leach 
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Prepared samples have been taken to the Universidad de Barcelona, at Department of 

Materials Science and Metallurgical Engineering (CMEM) for the testing. 

Each probe has been inserted into a plastic container with 500ml of distilled water. Then, 

containers have been covered with parafilm and lids to prevent loss of fluid when containers 

entering into the machine. 

 

Also, we have been prepared 2 “whites” for testing. This involves placing two plastic 

containers which contain only distilled water in the machine along with other containers. 

This can be compared with water samples do contain the specimen timber. 

 

Figure 6.1  Selection of samples to leach 
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Centrifuge machine supports up to 24 samples and the process involves rotating the 

specimen around the axis apparatus for 24 hours. 

Figure 6.2  Specimen with distilled H2O Figure 6.3  Plastic receptacle with M86 

Figure 6.4 Receptacles with samples and whites 
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After 24 hours, the samples are drawn again and 10 ml of liquid from each vessel were 

taken for subsequent chemical analysis and observe the amount of flame retardant that has 

been leached. 

 

Other complementary testing has been made to the previous one. The timbers have been 

dried at room temperature and were weighed again to check the weight loss samples have 

experienced and, therefore, the amount of product leached by distilled water. 

 

For leaching verification have been analyzed 10 ml of liquid with optical 

emission spectrometer for inductively coupled plasma, model Perkin Elmer Optima 3200 RL, 

whose operation is explained in section 2.8. 

 

  

Figure 6.5  Centrifuge machine  Figure 6.6  Placement of containers in the machine 
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6.2 Results 

The following table lists a series of weights and percentages retained in the samples before 

and after the leaching process. You can check the weight loss in all of them.  

 

 

 

COMPARISON BEFORE PROCESS AND AFTER 

M COURT 
RETARD. 

1 
RETARD. 

2 

INITIAL 
WEIGHT 

(g) 

% 
RETAINED 

FINAL 
WEIGHT 

(g) 

% 
RETENIDO 

% 
PÉRDIDA  

M5 AXIAL SOLUBOR SOLUBOR 36,5 54,2 29,6 44 10,2 

M12 AXIAL SOLUBOR KSil 29,4 60,6 24,9 51,3 9,3 

M13 AXIAL SOLUBOR - 29,6 24,5 25,0 20,7 3,8 

M16 RADIAL SOLUBOR - 27,5 12,2 25,5 11,3 0,9 

M39 AXIAL NaSil - 28,5 19,4 27,3 18,6 0,8 

M65 AXIAL - - 20,6 - 19,4 -  

M86 RADIAL KSil KSil 28,7 9,3 27,8 8,9 0,4 

M100 RADIAL - - 20,3 - 19,1 -  

 
 

 

  
 

 

 

 

Chart 6.3 Samples compaison before and after process 

Figure 6.7  Selection of leached samples 
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The following table shows the results of analysis of optical emission spectrometer for 

inductively coupled plasma, choosing the chemical elements for the composition of the 

flame retardants. Silicon appears in two rows because it is detected with different 

wavelengths. 

The results are expressed at mg / l concentration. 

 
 
 

RESULTS ICP 

Element M13 M5 M12 M86 M39 M16 

Potassium (K) 0,18 2,55 0,37 1,49 3,82 13,74 

Sodium (Na) 1,27 0,28 9,15 16,34 0,81 1,03 

Boron (B) 1,44 1,29 2,19 2,62 0,52 0,38 

Silicon (Si) 2,04 1,85 17,32 0,20 0,13 0,19 

Silicon (Si) 4,04 1,39 23,23 0,71 0,77 0,15 

 

Looking at these data, we concluded that the loss of the components of protective 

products is negligible, because the concentrations are very low. 

 

Table 6.3 shows the percentages of weight loss, which move around the 0.4% and 10.2%, 

therefore we can assume they are typical of the wood components such as tannins in the 

amount of these losses. These components are not reflected in the analysis of optical 

emission spectrometer for being organic compounds. 

 

At first, by looking at Table 6.7, any of these products have had a positive response to the 

leaching test, which could be considered impregnated wood for exterior applications. 

 

It’s also noted an exception among the samples tested, M12, which corresponds to Ksil-

Solubor impregnation. Silicon levels were elevated compared with the rest, since in the 

surface film had formed a glassy product of potassium silicate. It’s understood the values are 

altered by this cause, being negligible, also in this case, the amount of product inside 

the leachate from the piece. 

  

Chart 6.4  Results of  ICP analysis 
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CHAPTER 8: CONCLUSIONS 

With the completion of this project has been able to deepen the knowledge of wood 

and study the behavior of the same. Research about wood protection, prior to this study, 

have been of great help in carrying out the project. 

 

Then as a final thought, contains the main conclusions obtained in the various chapters of 

this study, whose ultimate objective was to analyze and improve fire behavior using flame 

retardants in wood products. 

 

It seems appropriate to begin these conclusions by making explicit the basic ideas that have 

guided all this research. The first of these has been to see what commercial product used 

in the experimental process the wood offered greater protection against fire. 

Another idea central to the study, has been founded on an analysis of possible 

improvements by combining the various protectors. 

 

The second chapter of this project has sought to contribute to the theoretical work on the 

materials and all tests required for proper development of the experimental process. In 

subsequent sections, we discuss the development of such research. 

 

For the practical application of research, although it has been assumed implementation 

and testing methods already known, it was necessary to adapt them for use in the 

laboratory. 

It has established a work plan in order to optimize resources and time spent. 

However, throughout the empirical phase disadvantages and difficulties have arisen which 

have led to the modification of the initial programming. 

 

After the pilot phase and appropriate comparisons made, it’s satisfying to see the fulfillment 

of the goals outlined in the first place. 

 

The impregnation of the samples was concluded that, depending on the viscosity of the 

solution, the direction of the fibers and the application temperature, concentrations 
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retained in the wood and penetration vary. Therefore, for the same process those samples 

have permeated best cut in the axial direction. 

 

However, if one takes into account the application of wood in construction (structure, 

coatings), it’s always in the direction less favorable to the impregnation of the product 

(radial direction). 

 

Based on the two fire tests conducted in the project, it is shown that in both flame retardant 

Solubor formula: octaborate tetrahydrate disodium the wood gives greater protection either 

alone or in combination with another product. 

 

However, there are some conflicting results that may result from the characteristics and 

dimensions of the specimens used in each trial. Samples were tested with dimensions 10 

cm x 10 cm x 2 cm subjected to a heat source (radiator) flashes on the protests in 

the drip test, while in LOI the samples are extracted and impregnated samples and the same 

size as those tested in Drip, which measure 10 cm x 2 cm x 0.2 cm and are subject to direct 

flame on edge. Because the pieces do not contain product impregnated homogeneously 

protector, the specimens for testing in the Limiting oxygen index differ in concentration 

depending on the area which have been extracted. 

 

It seems interesting to pay special attention to improving fire protection through a 

combination of borates more silicates, being enough the first content greater than 25% of 

the weight of the sample so that no explosion occurs. On the other hand, if we consider the 

test Limiting oxygen index shows only permeate the tetrahydratedisodium octaborate also 

obtain very high limits of oxygen with only 28% of the compound. 

Taking into account the rest of impregnation, it appears that the silicates can’t act alone and 

need the combination with borates wood offer the necessary fire protection. 

 

Based on the results obtained in this study, we could derive several lines of development for 

future projects and improve some aspects of the experimental process. 

Since the samples were cut radially impregnated with more difficulty and applied to the 

wood construction works in the direction of the fibers, impregnation could be improved with 
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some small holes in the wood product favored over inward order to obtain better results in 

the trials before the fire. Another possibility would be to study the impregnation of 

wood with new products. 

It could also seek alternatives to improve the penetration of higher viscosity protection 

products, in this case, sodium silicate and potassium.  
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