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[bookmark: _GoBack]Abstract.TiO2 is a primary photocatalytic ingredient. If incorporated into building materials, it can keep surfaces cleanand significantly reduce smog-forming air pollutants. Many of researchers have focused on the ability of nano TiO2 toreduce NOx emissions or other pollutants. However, developing countries are unable to utilize this high cost technology and should at least try to protect their structures from pollution and improve their environment.Some studies proved that micro TiO2(commercial grade) also has photocatalytic properties. Utilization of small amount of this powder in concrete would not be expensive. The effect of TiO2 on different properties of mortars is investigated including flow in the fresh state, compressive strength, shrinkage, sulfate resistance and carbonation. The results indicated that incorporating TiO2 in mortars decreased the workability as mortars became more sticky and dry as TiO2 percentage increased. The compressive strength was also reduced in TiO2 containing samples compared to the control samples especially at early ages.However, using TiO2powder as an additive in mortar can be useful for giving better performance such as reducing carbonation. No samples in the current investigation showed signs of cracking or expansive mass loss due to sulfate exposure. It is recommended that TiO2 is used as an additive to the mortar plaster to help in controlling the air pollution problem and at the same time improve air pollution problem.
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1. INRODUCTION
TiO2 is a primary photocatalytic ingredient and studies have shown that TiO2 incorporated into building materials can keep surfaces clean and significantly reduce smog-forming air pollutants (pollution abatement) [1].Researchers recognized the air purification potential of TiO2 for urban and metropolitan areas that suffer high air pollution concentrations [2, 3]. The number of TiO2patents is continually growing and currently include materials in concrete tiles, concrete paving, white cement (architectural concrete), applications on building surfaces, as well as applying environmentally-friendly cement (TioCem) [4, 5, 6]. 
An experimental program wasconducted to study the potential of using commercial grade TiO2 in road pavements/structures for NOxabatement. Concrete slabs were cast and TiO2 powder was spread on their surface before setting. The concrete slabs were cured from time to time with water spray for seven days. The slabs were tested in the laboratory in a specially built apparatus. The results showed thatthe NOx concentration decreased with time of exposure to the slab surfaces, which mean that commercial grade TiO2 was an effective photocatalyst [7].
A research was conducted to clarify the basic properties of mortar and concrete using TiO2 as an admixture. Experiments were carried out on the fresh properties, strength, drying shrinkage, and carbonation depth.  By partially fine aggregates and/or cement with different TiO2 percentages, it was found that as the aggregate replacement amount of TiO2 powder increases, the compressive and flexural strength also increased. It was postulated that TiO2 possibly entered into capillary voids and filled the mortar. Declines in strength for “10%” and “20 %” were observed by the decreasing cement content, while replacing some cement with TiO2.  However, it was also found that mortar with less than 10% TiO2 had almost the same carbonation depth as non-TiO2,despite a decrease in unit cement content. It wasconcludedthat using proper TiO2 powder as an admixture in mortar or concrete can be useful for giving additional performance such as brightness retention and self-cleaning effects on the surface, as well as strength development and crack control [8].
A research was conducted to study different TiO2 types from different manufactures to help identify which crystalline type, particle size, purity, and quantity of TiO2 would be the most appropriate product to add to the concrete matrix to create a photocatalytic, NOxreducing concrete surface. TiO2 powder used in that study were either commercially available as photocatalytic grade or other samples not manufactured for photocatalytic properties. It was concluded that only some TiO2 powder in the anatase phase had the ability to significantly decrease NOx pollutant concentrations. The effective anatase phases were approximately 1.0 μm in average size and had purities between 83 and 97%. The less effective anatase phase had a smaller particle size and greater than 98% purity. It was noted that the efficiency is greater if TiO2 is available near the surface of the material’s cross section, so that it can be activated by solar radiation.   The work showed that coarser and less pure anatase TiO2 is an effective photocatalyst, and the optimum dose in the mix is below 9% by weight of cement [9].
A study was conducted on using micro-sized TiO2 powders for the photodegradation of pollutants NOx and toluene. It was found that all micrometric TiO2 powders, even though they are sold as not photocatalytic materials, showed good results. It was recommended that micro TiO2 powders should be used rather than nano TiO2 in order to reduce health problems associated with difficult recovery and consequently health hazards due to inhalation typical of nanoparticles [10]. 
The cited references above demonstrated that commercial grade TiO2 can be used on the outer layers of building materials, like plaster or decorative cement based paints, to produce an economic and health hazard free layer, having the ability to reduce urban pollution.  However, some of the properties incorporating commercial grade TiO2in building plaster need to be further investigated to fully understand its effects on such mortars.

2. EXPERIMENTAL PROGRAM
The main purpose of this research was to investigate the properties of mortars containing commercial grade TiO2to be used for reducing urban pollution.  The powder wasutilized as an additive in small quantity. If this additive is incorporated, its effect on various properties needs to be investigated to ensure that it shall not adversely affect any of the fresh and hardened properties of mortars. The experimental program has been developed to investigate the following: 
1. The effect of TiO2 content on consistency of mortars in the fresh state.
2. The effect of TiO2 content on compressive strength. 
3. The carbonation potential of TiO2 containing samples compared to samples without it.
4. The length change of mortars with and without TiO2 as an indication of shrinkage.
5. The behavior of mortars with and without TiO2exposed to Sodium Sulfate Solution.

2.1MATERIALS
Ordinary Portland Cement (OPC) used throughout the test program was Suez Cement (CEM I 42.5 N) having surface area of 3500 cm2/g and specific gravity of 3150kg/m3 conforming to the requirements of ESS 4756-1/2013 [11]. The chemical composition of the cement is shown in Table1.
Titanium Dioxide (TiO2)was in solid state (powder), having slight odor and white color. TiO2 with high purity was used. The physical properties of TiO2 as obtained from the manufacturer are illustrated in Table 2 and Figure1.Figure 2 for  X-Ray Diffraction analysis of TiO2, reveals that it is mainly anatase phase. Figure 3 shows the particle size distribution of TiO2 powder. Locally available natural sand was used as fine aggregate. The water used was the tap water.

TABLE 1 Chemical Composition of Portland Cement

	Component
	SiO2
	Al2O3
	Fe2O3
	CaO
	MgO
	SO3
	Na2O
	K2O
	L.O.I

	Content (%)
	20.39
	5.6
	3.43
	63.07
	2.91
	0.7
	0.38
	0.35
	2.06
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FIGURE 1 Titanium Dioxide Powder Physical Appearance
TABLE 2 Physical Properties of TiO2

	Name 
	TiO2  powder

	Appearance 
	white

	Particle size
	0.2912 - 0.6746 µm

	Purity
	98 %

	L.O.I
	0.13 %
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FIGURE 2 X-Ray Diffraction Analysis of TiO2
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FIGURE 3 Particle Size Distribution of TiO2 Powder
2.2MIXES DESCRIPTION 
A total of four mixes were prepared in the laboratory. The control mixwas prepared from natural sand, cement and water. The water to binder ratio for all mortars mixes was set at 0.50. The cement content of all mixes was 350kg/m3. The cement to sand ratio for all mixes was set at 1:3. Other mixes were prepared with different contents of TiO2 particles as an additive at 3%, 6% and 9% by weight of cement.A small electrical mixer was used for mixing mortars. The samples were cubes 50mm × 50mm × 50mm and prisms 25mm × 25mm × 285 mm. The specimens were cast and compacted in two layers using a plastic compacting bar, where each layer was compacted 25 times. Then the molds were placed on compacting table and vibrated for about 15 seconds. The molds were immediately covered with plastic sheet to avoid moisture loss, and were kept at room temperature (23 ± 2°C) for 24 hours. The specimens were then demoulded and were kept in water for seven days for moist curing.

2.3TESTING PROCEDURES
The tests performed were in accordance with ASTM standards as listed in Table 3.The details of the prepared cubes, prisms and tests performed are presented in Table4.
TABLE 3  ASTM Standards for Tests
	Test
	ASTM Standard No.

	Flow Table
	ASTM C 1437 – 07 [12]

	Compressive Strength
	ASTM C109 / C109M - 16a [13]

	Change in Length
	ASTM C157 / C157M – 17 [14]

	Sulfate Attack
	ASTM C1012 / C1012M – 15 [15]




TABLE 4Details of Experimental Program
	
	Test Program Table

	
	Fresh State

	Tio2 % added
	Control
	3%
	6%
	9%
	Control
	3%
	6%
	9%

	Flow  Test
	 Repeat test 3 times for each mix, flow= average of 3 readings


	Curing
	7 days of Water Curing

	
	Hardened State

	
	Specimens in Air
	Specimens in CO2

	
	Control
	3%
	6%
	9%
	Control
	3%
	9%

	Carbonation
Resistance
	carbonation resistance only for samplesin CO2Chamber
	Test 3 cubes at each 28, 56, 90 days
	Test 3 cubes at each 28, 56, 90 days
	Test 3 cubes at each 28, 56, 90 days

	Compressive Strength test
	Test 3 cubes at each 28, 56, 90 days
	Test 3 cubes at each 28, 56, 90 days
	Test 3 cubes at each 28, 56, 90 days
	Test 3 cubes at each 28, 56, 90 days
	Compressive strength of samples only for samples kept in air

	
Shrinkage Test

	Test 5 prismsat ages 28, 56, 90 days
	Test 5 prismsat ages 28, 56, 90 days
	Test 5 prismsat ages 28, 56, 90 days
	Test 5 prismsat ages 28, 56, 90 days
	Shrinkage test
of samples only for samples kept in air

	Sulfate Attack
	Sulfate Attack
of samples only for samples kept in sulfate solution
	Specimens in Sulfate Solution

	
	
	Control
	3%
	6%
	9%

	
	
	Test 5 prisms at ages 28, 56, 90 days
	Test 5 prisms at ages 28, 56, 90 days
	Test 5 prisms at ages 28, 56, 90 days
	Test 5 prisms at ages 28, 56, 90 days


3 RESULTSANDDISCUSSION 
3.1FLOW TABLE TEST
As shown in Figures 4 and 5 for the flow test results, themortar consistency decreased as TiO2 percentage increased. The reason may be thatTiO2 is hydrophilic material (the capability of TiO2 to absorb the mixing water). So the increasing in TiO2 content in a mortar mix leads to reduction in observed flow diameter [16].The flow is defined as the percentage increase in the average diameter of the spread mortar (D in cm), over the original diameter of the base (10 cm). The percentage expresses the degree of mortar consistency

Flow =   (D-10)   X 100
10 
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FIGURE 4  Flow Table Test of Mortars

FIGURE 5 Flow Table Test Results of Mortars

3.2COMPRESSIVE STRENGTH OF MORTAR CUBES
Figure 6and Figure 7 show the average compressive strength of all samples at the ages of 28, 56 and 90 days. The compressive strength decreased by increasing the amount of TiO2 except for 6% TiO2 mortars. In fact there is some improvement in compressive strength of 6% TiO2 at the later age of 90 days. For mixes with 6% TiO2, strength was better than 3% and 9% TiO2. By increasing TiO2 to 9%, the compressive strength was decreased by 39.9%, 30.5%, and 6.5% at ages 28, 56, and 90 days respectively compared to the control mix. This may be attributed to the possibility that the TiO2 content in mixture was higher than the amount required to combine with the liberated lime during the process of hydration thus causing a deficiency in strength [16]. The increase in TiO2 does not contribute to strength. Also, it may be due to the defects generated in dispersion of TiO2 that causes weak zones [16]. Figure 7 shows the ratio of strengths between TiO2 mortar specimen and control specimen. It is clear that at later ages the difference in strength between samples with and without TiO2was small.


FIGURE 6 Compressive Strength Results of Cubes


FIGURE 7Ratio of Strengths between TiO2 mortar Cubes and Control Cubesat Various Ages
3.3CARBONATION RESISTANCE
Figure 8illustrates the observations upon the application of Phenolphthalein Indicator to determine the effect of percentages of TiO2 powder (control, 3% and 9% as shown in Table 4)on the carbonation of mortar cubes exposed to CO2 gas for 28, 56, and 90 days. It can beseenthat the carbonation depth decreased as TiO2 percentagesincreased. The carbonation depth of control samples was increased with long exposure to CO2 gas. However, the presence of TiO2 significantly reduced CO2 depth especially at later ages.
Theimprovement in carbonation resistance with the inclusion of TiO2can be observed clearly after 28 days of curing. Similarly SEM test results had previously concluded that the incorporation of nano-TiO2 particles refines the microstructure and improves the carbonation resistance [17].
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FIGURE 8Phenolphthalein Indicator for Carbonation Test at Different Ages(a) 28 Days       (b) 56 Days    (c) 90 Days

3.4CHANGE  IN  LENGTH  AS  AN  INDICATION  OF  SHRINKAGE
Figures9 and 10 show the average of change of length for test prismskept in laboratory airfor 90 days. Five samples were tested for each mix. The change in length was determined as the following:
% Change in Length = L0- L1    x   100
                                          L0 
Where:
L0=Length of specimen after water curing.
L1=Length of specimen at a specified test age 
It can be seen that the percentage change in lengthslightly increased with increasing TiO2content at all ages. Naturally, the shrinkage increased with time.In a previous investigation, it was found that thedrying shrinkage of concrete with nanoTiO2 was significantly higher than that for ordinary concrete without TiO2.  The concrete specimens with 1% nanoTiO2 by weight of binder had the highest drying shrinkage rate compared to the ordinary concrete [18]. Figure 10 indicates that the TiO2 percentage had small effect on length change values as all samples with TiO2exhibited similar shrinkage at 90 days.

FIGURE 9 Percentage Change in Length of Prisms Kept in Air

FIGURE 10Percentage Change in Length of Prisms Kept in Air at Different Ages
3.5RESISTANCETO  SULFATE ATTACK
Figures 11 and 12 show the average of change of length test prisms during 90 days sulfate solution exposure. Five samples were tested from each mix. It can be observed that the expansion of mortar prisms was decreased by increasing TiO2 percentage at all ages except for 9% TiO2. The 9% TiO2 mortar prisms were shrinking in sulfate solution.Table 5shows the percentage mass loss of prisms kept in sulfate solution. The table shows that the shrinkage of 9% TiO2 samples was not due to mass loss. In fact no samples exhibited cracking in the current investigation.


FIGURE 11 Percentage Change in Length of Prism Kept in Sulfate Solution
FIGURE12 Percentage Change in Length of Prism Kept in Sulfate Solution at Different Ages
TABLE 5Percentages Mass Loss of Prisms Kept in Sulfate Solution
	Mix
	28 Days
	56 Days
	90 Days

	Average for Control
	0.50%
	0.86%
	0.69%

	Average for 3% TiO2
	0.50%
	0.86%
	0.69%

	Average for 6% TiO2
	0.47%
	0.25%
	0.08%

	Average for 9% TiO2
	0.40%
	0.10%
	0.06%



4. CONCLUSIONS
1. The addition of TiO2 reduces the flow of the mortar mixes measured in accordance with ASTM: C 1437– 07.
2. The compressive strength of mortars was tested in accordance with ASTM C109/C109M-16a and was reduced with inclusion of TiO2, but this decrease in strengths was less noticeable at later ages.
3. The samples kept in laboratory air all exhibited comparable shrinkage.
4. By storing the samples in the proposed built CO2 chamber for up to 90 days, the samples containing TiO2 showed small or no carbonation depth. However carbonation occurred in the control samples.
5. Samples with 3% TiO2 exhibited similar behavior to the control samples when exposed to sulfate for up to 90 days. The test was conducted ina accordance with ASTM C1012-04. Samples with higher TiO2 exhibited better performance compared to the control samples without TiO2. No samples in the current investigation showed signs of cracking or expansive mass loss due to sulfate exposure.
6. It is recommended that TiO2should be used as an additive to the mortar plaster to help in controlling the air pollution problem. However, the mortar with TiO2 would need tobe optimized for consistency and compressive strength to be used effectively and cost of employing TiO2 as an additive to mortar.
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				1		279.02		279						12		278.32		278.33		278.28		278.31		278.27						1		279.02		279		278.66		278.75		278.04						6		272.94		271.93		272.95		273.09		272.64

				2		277.37		277.23						13		278.18		278.12		278.16		277.88		277.94						2		277.37		277.23		277.14		276.61		276.09						7		278.33		278.31		278.23		278.2		278.4

				3		278.13		278.26						14		278.04		278.05		277.97		277.84		277.49						3		278.13		278.26		278.13		277.79		277.23						8		277.86		277.65		277.87		277.98		278.02

				4		280.64		280.44						15		279.24		279.23		279.26		278.87		279						4		280.64		280.44		280.36		280.37		280.07						9		276.38		276.34		276.52		276.67		276.6

				5		279.63		279.53						16		280.44		280.41		280.37		280.3		280.46						5		279.63		279.53		279.44		279.24		278.99						11		278.74		278.83		278.98		278.34		278.31

				6		272.94		271.93

				7		278.33		278.31

				8		277.86		277.65

				9		276.38		276.34

				10		276.95		مكسور

				11		278.74		278.83

				12		278.32		278.33

				13		278.18		278.12

				14		278.04		278.05

				15		279.24		279.23

				16		280.44		280.41

								المنشور رقم 13 و 14 و 15    اتكسروا





M3

						M3		اطوال المنشور 												M3				اطوال المنشور فى صندوق الغاز 												M3				اطوال المنشور فى الهواء 												M3				اطوال المنشور فى الكبريتات 

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 						رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم						رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم						رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم

				1		277.74		277.72						1		277.74		277.72		277.55		277.71		277.56						11		278.97		279.09		279.16		278.97		278.9						6		277.6		277.64		277.73		277.75		277.7

				2		277.58		277.52						2		277.58		277.52		277.63		277.45		277.64						12		280.68		280.39		280.63		280.4		280.48						7		279.25		279.24		279.3		279.37		279.28

				3		277.85		277.9						3		277.85		277.9		277.6		277.77		277.77						13		275.64		275.72		275.77		275.55		275.51						8		279.58		279.62		279.68		279.47		279.72

				4		277.42		277.59						4		277.42		277.59		277.38		277.41		277.47						14		279.48		279.47		279.56		279.14		279.3						9		277.42		277.46		277.57		277.63		277.58

				5		276.54		276.28						5		276.54		276.28		276.55		276.64		276.6						15		278.31		278.26		278.44		278.22		278.09						10		278.04		278.02		278.16		278.16		278.07

				6		277.6		277.64

				7		279.25		279.24

				8		279.58		279.62

				9		277.42		277.46

				10		278.04		278.02

				11		278.97		279.09

				12		280.68		280.39

				13		275.64		275.72

				14		279.48		279.47

				15		278.31		278.26





M4

						M4		اطوال المنشور 												M4				اطوال المنشور فى صندوق الغاز 												M4				اطوال المنشور فى الهواء 												M4				اطوال المنشور فى الكبريتات 

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 						رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم						رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم						رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم

				1		279.06		279.26						7		279.05		279.05		278.79		279.18		279.04						1		279.06		279.26		279.05		278.75		278.52						14		278.18		278.69		278.57		278.43		277.92

				2		277.43		277.95						8		276.94		277.23		276.9		277.28		276.64						2		277.43		277.95		277.66		277.18		276.81						15		277.44		277.54		277.54		277.17		277.2

				3		277.39		277.51						9		277.53		277.63		277.53		277.32		276.76						3		277.39		277.51		277.23		277.02		276.77						16		276.74		276.98		276.5		276.7		276.09

				4		279.02		279.31						10		277.88		277.98		277.35		277.83		277.85						4		279.02		279.31		278.72		278.99		278.87						17		276.72		276.93		277.06		276.63		276.69

				5		277.19		277.38						11		279.28		279.28		279.22		279.11		278.9						5		277.19		277.38		276.75		276.62		275.9						18		279.97		280.34		280.19		280.13		280.1

				6		279.63		279.89						12		278.83		279.14		278.79		279.05		277.16						6		279.63		279.89		279.41		279.44		279.43						19		277.91		277.76		278.21		277.94		277.22

				7		279.05		279.05						13		276.79		277.13		275.96		276.48		276.44																						20		278.94		279.3		279.12		279.12		279.18

				8		276.94		277.23

				9		277.53		277.63

				10		277.88		277.98

				11		279.28		279.28

				12		278.83		279.14

				13		276.79		277.13

				14		278.18		278.69

				15		277.44		277.54

				16		276.74		276.98

				17		276.72		276.93

				18		279.97		280.34

				19		277.91		277.76

				20		278.94		279.3





غاز

						M1						اطوال المنشور فى صندوق الغاز 

				رقم المنشور		  بعد الفك مباشرة		 بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم										28 Days		56 Days		90 Days

				9		279.05		279.12		279.09		279.06		278.83		-0.0001074807		-0.0002149613		-0.0010389797								Control		0.001		0.001		0.001

				10		278.44		278.46		277.81		277.78		277.77		-0.002334267		-0.0024420024		-0.0024779142								3% TiO2		0.001		0.001		0.001

				11		277.02		277.06		277.06		277.03		276.72		0		-0.0001082798		-0.001227171								6% TiO2		0.001		0.001		0.001

				12		276.54		276.63		276.62		276.54		276.26		-0.0000361494		-0.0003253443		-0.0013375267								9% TiO2		0.000		0.000		0.001

				18		275.9		275.97		275.83		275.8		275.6		-0.0005073015		-0.000616009		-0.0013407254

																-0.0005970397		-0.0007413194		-0.0014844634

						M2								اطوال المنشور فى صندوق الغاز 

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم										28 Days		56 Days		90 Days

				12		278.32		278.33		278.28		278.31		278.27		-0.0001796429		-0.0000718571		-0.0002155714								Control		0.001		0.001		0.001

				13		278.18		278.22		278.16		277.88		277.94		-0.0002156567		-0.0012220545		-0.0010063978								3% TiO2		0.001		0.001		0.001

				14		278.04		278.05		277.97		277.84		277.49		-0.000287718		-0.0007552598		-0.0020140263								6% TiO2		0.001		0.001		0.001

				15		279.24		279.29		279.26		278.87		278.6		-0.0001074152		-0.0015038132		-0.0024705503								9% TiO2		0.000		0.000		0.001

				16		280.44		280.41		280.37		280.3		280.16		-0.0001426483		-0.0003922827		-0.0008915517																						28 Days		56 Days		90 Days

																-0.0001866162		-0.0007890535		-0.0013196195										28 Days		56 Days		90 Days						Control		-0.060%		-0.074%		-0.148%

																												Control		-0.060%		-0.074%		-0.148%						3%		-0.056%		-0.072%		-0.122%

						M3								اطوال المنشور فى صندوق الغاز 														3% TiO2		-0.0001866162		-0.0007890535		-0.0013196195						6%		-0.053%		-0.061%		-0.111%

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم								6% TiO2		-0.0004320449		-0.0003098091		-0.0002665895						9%		-0.049%		-0.040%		-0.109%

				1		277.74		277.72		277.55		277.71		277.56		-0.0006121273		-0.0000360075		-0.0005761198								9% TiO2		-0.000488737		-0.0005402945		-0.0013170926

				2		277.58		277.52		277.63		277.45		277.64		0.0003963678		-0.0002522341		0.0004324013

				3		277.85		277.9		277.6		277.77		277.77		-0.001079525		-0.0004677942		-0.0004677942

				4		277.42		277.59		277.38		277.41		277.47		-0.0007565114		-0.0006484383		-0.0004322922

				5		276.54		276.68		276.65		276.64		276.6		-0.0001084285		-0.0001445713		-0.0002891427

																-0.0004320449		-0.0003098091		-0.0002665895

						M4								اطوال المنشور فى صندوق الغاز 

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم

				7		279.05		279.05		278.79		279.18		279.04		-0.0009317327		0.0004658663		-0.0000358359

				8		276.94		277.03		276.9		276.78		276.64		-0.0004692633		-0.0009024293		-0.0014077898

				9		277.53		277.63		277.53		277.32		276.76		-0.0003601916		-0.001116594		-0.0031336671

				10		277.88		277.98		277.85		277.83		277.8		-0.0004676595		-0.0005396072		-0.0006475286

				11		279.28		279.28		279.22		279.11		278.9		-0.0002148382		-0.0006087081		-0.0013606416

														av		-0.000488737		-0.0005402945		-0.0013170926

						12		278.83		279.14		278.79		278.55		277.46		-0.0012538511		-0.0021136347		-0.0060184853

						13		276.79		277.13		275.96		276.48		276.44		-0.0042218453		-0.0023454696		-0.0024898062



28 Days	Control	3% TiO2	6% TiO2	9% TiO2	5.9703971622127895E-4	5.5661621547868796E-4	5.3204488266206796E-4	4.8873704842704096E-4	56 Days	Control	3% TiO2	6% TiO2	9% TiO2	7.4131937063663103E-4	7.19053490434718E-4	6.0980908472454899E-4	4.040294461629E-4	90 Days	Control	3% TiO2	6% TiO2	9% TiO2	1.4844634008340401E-3	1.21961949869165E-3	1.1126658953131501E-3	1.0917092600361601E-3	% TiO2 Additive

% Change in Length



28 Days	Control	3% TiO2	6% TiO2	9% TiO2	5.9703971622127895E-4	5.5661621547860004E-4	5.3204488266206796E-4	4.8873704842704096E-4	56 Days	Control	3% TiO2	6% TiO2	9% TiO2	7.4131937063663103E-4	7.19053490434718E-4	6.0980908472454899E-4	4.0402944616299899E-4	90 Days	Control	3% TiO2	6% TiO2	9% TiO2	1.4844634008340401E-3	1.31961949869165E-3	1.1125895313157099E-3	1.0919260036167E-3	% TiO2 Additive

% Change in Length



الطول بعد الفك مباشرة	الطول بعد 7 ايام معالجة فى الماء 	28 يوم	56 يوم	90 يوم	279.05	279.05	278.79000000000002	279.18	279.04000000000002	الطول بعد الفك مباشرة	الطول بعد 7 ايام معالجة فى الماء 	28 يوم	56 يوم	90 يوم	276.94	277.02999999999997	276.89999999999998	276.77999999999997	276.64	الطول بعد الفك مباشرة	الطول بعد 7 ايام معالجة فى الماء 	28 يوم	56 يوم	90 يوم	277.52999999999997	277.63	277.52999999999997	277.32	276.76	الطول بعد الفك مباشرة	الطول بعد 7 ايام معالجة فى الماء 	28 يوم	56 يوم	90 يوم	277.88	277.98	277.85000000000002	277.83	277.8	الطول بعد الفك مباشرة	الطول بعد 7 ايام معالجة فى الماء 	28 يوم	56 يوم	90 يوم	279.27999999999997	279.27999999999997	279.22000000000003	279.11	278.89999999999998	28 Days	Control	3% TiO2	6% TiO2	9% TiO2	-5.9703971622127885E-4	-1.8661621547868835E-4	-4.3204488266206819E-4	-4.887370484270414E-4	56 Days	Control	3% TiO2	6% TiO2	9% TiO2	-7.4131937063663124E-4	-7.8905349043471818E-4	-3.098090847245488E-4	-5.4029446162999256E-4	90 Days	Control	3% TiO2	6% TiO2	9% TiO2	-1.4844634008340434E-3	-1.319619498691655E-3	-2.6658953131571855E-4	-1.3170926003616714E-3	28 Days	Control	3% TiO2	6% TiO2	9% TiO2	5.9703971622127895E-4	5.5661621547860004E-4	5.3204488266206796E-4	4.8873704842704096E-4	56 Days	Control	3% TiO2	6% TiO2	9% TiO2	7.4131937063663103E-4	7.19053490434718E-4	6.0980908472454899E-4	4.0402944616299899E-4	90 Days	Control	3% TiO2	6% TiO2	9% TiO2	1.4844634008340401E-3	1.31961949869165E-3	1.1125895313157099E-3	1.0919260036167E-3	% TiO2 Additive

% Change in Length



Control	28 Days	56 Days	90 Days	5.9703971622127895E-4	7.4131937063663103E-4	1.4844634008340401E-3	3% TiO2	28 Days	56 Days	90 Days	5.5661621547868796E-4	7.19053490434718E-4	1.21961949869165E-3	6% TiO2	28 Days	56 Days	90 Days	5.3204488266206796E-4	6.0980908472454899E-4	1.1126658953131501E-3	9% TiO2	28 Days	56 Days	90 Days	4.8873704842704096E-4	4.040294461629E-4	1.0917092600361601E-3	% TiO2 Additive

% Change in Length





هواء

						M1						اطوال المنشور فى الهواء 

				رقم المنشور		  بعد الفك مباشرة		 بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم								28 يوم		56 يوم		90 يوم

				1		276.55		276.59		276.42		275.89		275.66		-0.0006146281		-0.0025308218		-0.0033623775						M1		-0.0005850921		-0.002079033		-0.0027074437

				2		277.23		277.31		277.12		276.8		276.74		-0.0006851538		-0.001839097		-0.0020554614						M2		-0.001074303		-0.0021296097		-0.0036146545

				3		277.37		277.39		277.22		276.79		276.51		-0.0006128555		-0.0021630196		-0.0031724287						M3		-0.0003363374		-0.0010395819		-0.0012551867

				4		278.15		278.16		278.04		277.49		277.35		-0.0004314064		-0.0024086856		-0.0029119931						M4		-0.0012943727		-0.0022653803		-0.0032657678

				16		275.14		275.19		275.03		274.79		274.63		-0.0005814165		-0.0014535412		-0.0020349577

														av		-0.0005850921		-0.002079033		-0.0027074437

																												28 Days		56 Days		90 Days

						M2								اطوال المنشور فى الهواء 												Control		0.001		0.002		0.001

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم						3% TiO2		0.001		0.002		0.002

				1		279.02		279.05		278.66		278.45		278.04		-0.001397599		-0.0021501523		-0.003619423						6% TiO2		0.001		0.002		0.002

				2		277.37		277.43		277.14		276.61		276.09		-0.0010453087		-0.0029557005		-0.0048300472						9% TiO2		0.001		0.002		0.003

				3		278.13		278.26		278.13		277.79		277.23		-0.000467189		-0.0016890678		-0.0037015741

				4		280.64		280.76		280.36		280.17		279.84		-0.0014247044		-0.002101439		-0.0032768201								28 يوم		56 يوم		90 يوم

				5		279.63		279.73		279.44		279.24		278.99		-0.001036714		-0.0017516891		-0.0026454081						Control		0.06%		0.18%		0.14%

																-0.001074303		-0.0021296097		-0.0036146545						3%		0.11%		0.21%		0.22%

																										6%		0.13%		0.23%		0.24%

						M3								اطوال المنشور فى الهواء 												9%		0.15%		0.25%		0.27%

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم

				11		278.97		279.09		279.16		278.97		278.9		0.0002508151		-0.0004299688		-0.000680784

				12		280.68		280.79		280.63		280.4		280.48		-0.0005698209		-0.0013889384		-0.0011040279

				13		275.64		275.82		275.77		275.55		275.51		-0.0001812776		-0.0009788993		-0.0011239214

				14		279.48		279.77		279.56		279.44		279.3		-0.0007506166		-0.0011795403		-0.0016799514

				15		278.31		278.56		278.44		278.22		278.09		-0.0004307869		-0.0012205629		-0.0016872487

																-0.0003363374		-0.0010395819		-0.0012551867

						M4								اطوال المنشور فى الهواء 

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم

				1		279.06		279.26		279.05		278.75		278.52		-0.0007519874		-0.0018262551		-0.0026498603

				2		277.43		277.95		277.66		277.18		276.81		-0.0010433531		-0.0027702824		-0.0041014571

				3		277.39		277.51		277.23		277.02		276.77		-0.0010089726		-0.0017657021		-0.0026665706

				4		279.02		279.31		278.92		278.89		278.87		-0.001396298		-0.0015037056		-0.0015753106

				5		277.19		277.38		276.75		276.42		275.9		-0.0022712524		-0.0034609561		-0.0053356406

				6		279.63		279.89		279.61		279.44		279.43		-0.0012943727		-0.0022653803		-0.0032657678

																-0.0012943727		-0.0022653803		-0.0032657678



2.5081514923519304E-4	-4.2996882725983629E-4	-6.8078397649502939E-4	-1.8127764484087946E-4	-9.7889928214046061E-4	-1.1239213980132052E-3	-7.5061657790320463E-4	-1.1795403367050939E-3	-1.6799513886405636E-3	-4.3078690407813235E-4	-1.2205628948879057E-3	-1.6872487076393858E-3	28 يوم	56 يوم	90 يوم	-1.3975989965955432E-3	-2.1501523024548387E-3	-3.6194230424654752E-3	28 يوم	56 يوم	90 يوم	-1.0453087265256838E-3	-2.9557005370723899E-3	-4.8300472191184505E-3	28 يوم	56 يوم	90 يوم	-4.6718895996548357E-4	-1.6890677783367011E-3	-3.7015740674188626E-3	28 يوم	56 يوم	90 يوم	-1.4247043738423468E-3	-2.1014389514174918E-3	-3.2768200598376407E-3	28 يوم	56 يوم	90 يوم	-1.0367139741894701E-3	-1.7516891288028066E-3	-2.645408072069528E-3	28 يوم	56 يوم	90 يوم	-6.1462814996912066E-4	-2.5308217939910651E-3	-3.3623775263022888E-3	28 يوم	56 يوم	90 يوم	-6.8515379899750355E-4	-1.839097039414341E-3	-2.0554613969925107E-3	28 يوم	56 يوم	90 يوم	-6.1285554634254687E-4	-2.1630195753270338E-3	-3.1724287104798136E-3	28 يوم	56 يوم	90 يوم	-4.3140638481451154E-4	-2.4086856485476555E-3	-2.9119930974978508E-3	28 يوم	56 يوم	90 يوم	-5.8141647588947644E-4	-1.4535411897233811E-3	-2.0349576656128578E-3	28 يوم	56 يوم	90 يوم	-7.5198739525882531E-4	-1.8262551027715781E-3	-2.6498603451980559E-3	28 يوم	56 يوم	90 يوم	-1.0433531210648089E-3	-2.7702824248964988E-3	-4.1014570966000589E-3	28 يوم	56 يوم	90 يوم	-1.0089726496341491E-3	-1.7657021368599657E-3	-2.6665705740334012E-3	28 يوم	56 يوم	90 يوم	-1.3962980201209637E-3	-1.5037055601303782E-3	-1.5753105868031854E-3	28 يوم	56 يوم	90 يوم	-2.2712524334847339E-3	-3.4609560891195458E-3	-5.3356406373928121E-3	28 يوم	56 يوم	90 يوم	-1.2943727239126961E-3	-2.2653802627555933E-3	-3.2657678480055028E-3	28 Days	Control	3% TiO2	6% TiO2	9% TiO2	5.8509207120263195E-4	1.0743030062237099E-3	1.3363373680306801E-3	1.4943727239127001E-3	56 Days	Control	3% TiO2	6% TiO2	9% TiO2	1.7790330494007001E-3	2.1296097396168502E-3	2.3139581938699701E-3	2.4965380262755498E-3	90 Days	Control	3% TiO2	6% TiO2	9% TiO2	1.40744367937706E-3	2.24465449218199E-3	2.3975186678402002E-3	2.6576784800550002E-3	% TiO2 Additive

% Change in Length



Control	28 Days	56 Days	90 Days	5.8509207120263195E-4	1.7790330494007001E-3	1.40744367937706E-3	3% TiO2	28 Days	56 Days	90 Days	1.0743030062237099E-3	2.1296097396168502E-3	2.24465449218199E-3	6% TiO2	28 Days	56 Days	90 Days	1.3363373680306801E-3	2.3139581938699701E-3	2.3975186678402002E-3	9% TiO2	28 Days	56 Days	90 Days	1.4943727239127001E-3	2.4965380262755498E-3	2.6576784800550002E-3	% TiO2 Additive

% Change in Length





كبريتات 

						M1								اطوال المنشور فى الكبريتات 

				رقم المنشور		  بعد الفك مباشرة		 بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم								28 Days		56 Days		90 Days

				5		277.3		277.44		277.46		277.5		277.52		0.0000720877		0.000216263		0.0002883506						Control		0.0010963585		0.0014445308		0.0012502222

				6		277.68		277.73		277.86		277.88		277.59		0.0004680805		0.0005400929		-0.0005040867						3%		0.0010963585		0.0014445308		0.0012502222

				7		278.61		278.73		278.85		278.89		278.89		0.0004305242		0.0005740322		0.0005740322						6%		0.0003092665		0.0004313644		0.0002658639

				8		278.11		278.17		278.19		278.24		278.35		0.0000719		0.0002516447		0.0006470863						9%		-0.0005898508		-0.0011152519		-0.0016973905

				17		277.12		277.16		277.27		277.38		277.43		0.0003968827		0.0007937653		0.0009741665

																0.0002878947		0.0004751596		0.0003959098

																												28 Days		56 Days		90 Days

						M2								اطوال المنشور فى الكبريتات 												M1		0.0010963585		0.0014445308		0.0012502222

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم						M2		0.0010963585		0.0014445308		0.0012502222

				6		272.94		271.93		272.95		273.09		272.64		0.0037509653		0.0042658037		0.0026109661						M3		0.0003092665		0.0004313644		0.0002658639

				7		278.33		278.37		278.4		278.42		278.47		0.0001077702		0.0001796171		0.0003592341						M4		-0.0005898508		-0.0011152519		-0.0016973905

				8		277.86		277.65		277.87		277.98		278.02		0.0007923645		0.0011885467		0.001332613

				9		276.38		276.34		276.52		276.67		276.7		0.0006513715		0.0011941811		0.001302743

				11		278.74		278.83		278.88		278.94		279.01		0.0001793207		0.0003945056		0.0006455546

																0.0010963585		0.0014445308		0.0012502222

						M3								اطوال المنشور فى الكبريتات 

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم

				6		277.6		277.64		277.73		277.75		277.7		0.0003241608		0.0003961965		0.0002161072

				7		279.25		279.24		279.3		279.37		279.28		0.0002148689		0.0004655493		0.000143246

				8		279.58		279.62		279.65		279.67		279.72		0.0001072885		0.0001788141		0.0003576282

				9		277.42		277.46		277.57		277.63		277.58		0.0003964535		0.0006127009		0.0004324948

				10		278.04		278.02		278.16		278.16		278.07		0.0005035609		0.0005035609		0.0001798432

																0.0003092665		0.0004313644		0.0002658639

						M4								اطوال المنشور فى الكبريتات 

				رقم المنشور		الطول بعد الفك مباشرة		الطول بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم

				14		278.18		278.69		278.57		278.43		277.92		-0.000430586		-0.0009329362		-0.0027629265

				15		277.44		277.54		277.54		277.27		277.2		0		-0.0009728327		-0.0012250486

				16		276.74		276.98		276.5		276.27		276.09		-0.0017329771		-0.002563362		-0.0032132284

				18		279.97		280.34		280.19		280.13		280.1		-0.0005350646		-0.0007490904		-0.0008561033

				20		278.94		279.3		279.23		279.2		279.18		-0.0002506266		-0.000358038		-0.0004296455

																-0.0005898508		-0.0011152519		-0.0016973905

						17		276.72		276.93		277.06		276.63		276.69		0.0004694327		-0.0010833063		-0.000866645

						19		277.91		277.76		278.21		277.94		277.22		0.0016201037		0.0006480415		-0.0019441244



28 Days	Control	3%	6%	9%	1.0963584550849879E-3	1.0963584550849879E-3	3.0926652287366482E-4	-5.8985083937110805E-4	56 Days	Control	3%	6%	9%	1.4445308362859106E-3	1.4445308362859106E-3	4.3136435826437655E-4	-1.1152518600166905E-3	90 Days	Control	3%	6%	9%	1.2502221618154743E-3	1.2502221618154743E-3	2.6586386059043976E-4	-1.6973904856701489E-3	% TiO2 Additive

% Change in Length



Control	28 Days	56 Days	90 Days	1.0963584550849879E-3	1.4445308362859106E-3	1.2502221618154743E-3	3%	28 Days	56 Days	90 Days	1.0963584550849879E-3	1.4445308362859106E-3	1.2502221618154743E-3	6%	28 Days	56 Days	90 Days	3.0926652287366482E-4	4.3136435826437655E-4	2.6586386059043976E-4	9%	28 Days	56 Days	90 Days	-5.8985083937110805E-4	-1.1152518600166905E-3	-1.6973904856701489E-3	% Change in Length





Sheet1

												M1		اوزان المنشور فى الكبريتات 														absorbed sulfate

						رقم المنشور		الوزن بعد الفك مباشرة		الوزن بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم								28 Days		56 Days		90 Days

						5		411		423		425		427		427		0.0047281324		0.0094562648		0.0094562648						Control		0.50%		0.86%		0.69%

						6		458		471		473		475		474		0.0042462845		0.008492569		0.0063694268						3%TiO2		0.50%		0.86%		0.69%

						7		437		448		450		452		450		0.0044642857		0.0089285714		0.0044642857						6%TiO2		0.47%		0.25%		0.08%

						8		422		432		434		435		435		0.0046296296		0.0069444444		0.0069444444						9%TiO2		0.40%		0.10%		0.06%

						17		416		426		429		430		429		0.0070422535		0.0093896714		0.0070422535

																		0.0050221172		0.0086423042		0.006855335

																														28 يوم		56 يوم		90 يوم

																												Control		0.5022%		0.8642%		0.6855%

												M2		اوزان المنشور فى الكبريتات 														3%		0.5022%		0.8642%		0.6855%

						رقم المنشور		الوزن بعد الفك مباشرة		الوزن بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم						6%		0.4705%		0.2454%		0.0751%

						6		358		369		371		372		372		0.0047281324		0.0094562648		0.0094562648						9%		0.3990%		0.1021%		0.0584%

						7		381		392		394		394		394		0.0042462845		0.008492569		0.0063694268

						8		346		366		369		371		371		0.0044642857		0.0089285714		0.0044642857

						9		365		379		383		383		383		0.0046296296		0.0069444444		0.0069444444

						11		341		376		382		382		382		0.0070422535		0.0093896714		0.0070422535

																		0.0050221172		0.0086423042		0.006855335

												M3		اوزان المنشور فى الكبريتات 

						رقم المنشور		الوزن بعد الفك مباشرة		الوزن بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم

						6		389		401		402		402		401		0.0024937656		0.0024937656		0

						7		405		416		316		417		416		-0.2403846154		0.0024038462		0

						8		398		409		410		410		408		0.0024449878		0.0024449878		-0.0024449878

						9		380		391		392		392		392		0.0025575448		0.0025575448		0.0025575448

						10		406		422		421		423		421		-0.0023696682		0.0023696682		-0.0023696682

																		-0.0470515971		0.0024539625		-0.0004514223

												M4		اوزان المنشور فى الكبريتات 

						رقم المنشور		الوزن بعد الفك مباشرة		الوزن بعد 7 ايام معالجة فى الماء 		28 يوم		56 يوم		90 يوم		28 يوم		56 يوم		90 يوم

						14		422		431		433		435		433		0.0046403712		0.0092807425		0.0046403712

						15		359		366		367		369		368		0.0027322404		0.0081967213		0.0054644809

						16		427		436		439		441		439		0.0068807339		0.0114678899		0.0068807339

						17		369		375		377		379		377		0.0053333333		0.0106666667		0.0053333333

						18		429		437		440		442		440		0.0068649886		0.0114416476		0.0068649886

						19		365		371		375		376		375		0.0107816712		0.0134770889		0.0107816712

						20		412		420		423		425		423		0.0071428571		0.0119047619		0.0071428571

																5 منشور 		0.0052903335		0.0102107336		0.0058367816

																7 منشور 		0.0063394565		0.0109193598		0.0067297766



28 Days	Control	3%TiO2	6%TiO2	9%TiO2	5.0221171507621055E-3	5.0221171507621055E-3	4.7051597102586301E-3	3.99033350069934E-3	56 Days	Control	3%TiO2	6%TiO2	9%TiO2	8.6423042024110133E-3	8.6423042024110133E-3	2.4539625036841877E-3	1.0210733588609899E-3	90 Days	Control	3%TiO2	6%TiO2	9%TiO2	6.8553350413725969E-3	6.8553350413725969E-3	7.51422252894675E-4	5.8367815881310396E-4	% TiO2 Additive

Change in Mass



Control	28 Days	56 Days	90 Days	5.0221171507621055E-3	8.6423042024110133E-3	6.8553350413725969E-3	3%TiO2	28 Days	56 Days	90 Days	5.0221171507621055E-3	8.6423042024110133E-3	6.8553350413725969E-3	6%TiO2	28 Days	56 Days	90 Days	4.7051597102586301E-3	2.4539625036841877E-3	7.51422252894675E-4	9%TiO2	28 Days	56 Days	90 Days	3.99033350069934E-3	1.0210733588609899E-3	5.8367815881310396E-4	Change in Mass
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