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The incorporation of industrial by-products such as fly ash and blast furnace slag as additives in concrete is known to improve effectively the resistance of concrete to various chemical attacks and thus its long-term durability. Blast-Furnace Slag (BFS) is a waste product in the manufacture of cast iron, whereas Cement Kiln Dust (CKD) is a by-product of low-alkali cement manufacturing process. The aim of this study is the investigation of the performance of CKD when used together with BFS and corrosion inhibitors and the determination of their optimum proportions. A reference Portland Cement (PC) and composite cements containing BFS and CKD at various percentages as cement replacement were used to prepare prismatic and cylindrical test specimens with embedded steel bars that were exposed to partial immersion in 3.5% wt. NaCl solution. Determination of the rebars corrosion protection by the strain gauges technique and measurements of the corrosion current density as well as long-term measurements of half-cell potentials were correlated to the results form the gravimetric determination of metal loss of rebars. The strain gauge (SG) technique, used for fast monitoring of corrosion caused under impressed anodic potential, is based on the appearance of swelling strain near the steel rebars in the concrete. The test results indicated that the use of CKD alone provided the lowest corrosion rate. The use of BFS alone, as well as the combined use of BFS and CKD in the percentage of 15%, resulted in higher corrosion rates, whereas the combined use of BFS and CKD in the percentages of 5% and 10% resulted in a protection level almost equal to that of the reference specimen.

1.
Introduction

The use of suitable Type-II additives such as natural or artificial pozzolans is a well-established practice for the improvement of concrete properties. Blast-Furnace Slag (BFS), a waste product in the manufacture of cast iron, is produced by rapid cooling of molten slag at the exit of the furnace. It is a mixture of lime, silica and alumina, that is, the same oxides that make up Portland cement, but not in the same proportions. It has also nearly the same hydraulic ability as Portland cement [1]. Cement Kiln Dust (CKD), which is a by-product of low-alkali cement manufacturing process, mainly contains calcium carbonate and can be classified as Type-I addition according to the new European codes, increases the pH value of concrete as a result of its high alkalinity. Due to its fineness, in many cases it causes environmental pollution in the form of dust. Therefore, the exploitation of this material will provide valuable environmental benefits.

In a previous study [2], the incorporation of CKD as a filler addition in cement improved the durability of the material under aggressive corrosion conditions. The presence of pozzolans in cementitious materials reduces the level of free chlorides and thus provides protection to the reinforcement against chloride-induced corrosion. However, the pozzolans also react with the OH- causing a reduction in the pH value of the concrete, which in its turn leads to an increase in carbonation and a relative reduction in the durability of the hardened material. The introduction of CKD however, which is an inert material, does not produce the above reaction. On the contrary it causes a relative increase of alkalinity [2], [3], which is expected to counteract the above-mentioned phenomenon encountered with the sole use of pozzolans [4].

Alkanolamine-based corrosion inhibitors can make use of the porosity of the concrete, by moving through the pore structure of the concrete to reach the surface of reinforcing steel, where they form a protective film. They also reduce chloride ion ingress into concrete. They are classified as mixed inhibitors, because they influence both the cathodic and the anodic process of corrosion [5], [6].

Consequently, the performance and durability of reinforced concrete incorporating CKD in combination with BFS whether an alkanolamine-based inhibitor is present or not is evaluated.

2.
Experimental

A reference Portland cement (PC) and composite cements containing BFS and / or CKD were used to produce mortar test specimens at a standard water/cement ratio of 0.50. The chemical composition of the cementitious materials is given in Table 1. 

	
	SiO2
	Al2O3
	Fe2O3
	CaO
	MgO
	K2O
	Na2O
	SO3
	CaO(f)
	LOI

	PC
	20.67
	4.99
	3.18
	63.60
	2.73
	0.37
	0.29
	2.44
	2.41
	1.52

	BFS
	33.34
	11.37
	2.44
	41.30
	6.90
	0.32
	0.38
	0.12
	-
	0.09

	CKD
	13.68
	4.36
	2.30
	42.59
	1.23
	0.79
	0.28
	0.10
	-
	


Table 1: Chemical composition of materials (%).

The reinforcing steel used in casting the mortar test specimens had the following chemical composition of steel (% wt): C:0.16, Mn:0.77, S:0.019, P:0.019, Si:0.19, Ni:0.14, Cr:0.22, Cu:0.26 and Mo:0.054. The aggregate used was Greek sand of diameter 250 μm < d < 4 mm. Drinking water from Athens water supply network and an alcanolamine-based corrosion inhibitor were also used for the specimens’ preparation. Twelve categories of specimens were cast for each type of measurement. The proportion of the materials used and their category codes are given in Table 2.

The corrosion testing specimens [7] used were cylindrical, 40 mm in diameter and 100 mm in height, with one axially embedded 10 mm diameter steel rebar and prepared according to ISO/DIS 8407.3. The mortar test specimens for the Strain Gauge measurements [8] were in the form of 80 mm x 80 mm x 100 mm prisms. The embedded steel bars (diameter 12 mm) were also prepared according to ISO/DIS 8407.3. Specimens were cured (20 °C, 100 % humidity) for 7 days and were afterwards immersed in the corrosive environment of 3.5 % wt NaCl solution.

	CODE
	PC
	Sand
	Water
	BFS
	CKD
	Inh-M

	RE
	1.00
	3.00
	0.50
	-
	-
	-

	REM
	1.00
	3.00
	0.50
	-
	-
	0.01

	SD0-5
	0.95
	3.00
	0.50
	-
	0.05
	-

	SDM0-5
	0.95
	3.00
	0.50
	-
	0.05
	0.01

	SD65-0
	0.35
	3.00
	0.50
	0.65
	-
	-

	SDM65-0
	0.35
	3.00
	0.50
	0.65
	-
	0.01

	SD62-5
	0.33
	3.00
	0.50
	0.62
	0.05
	-

	SDM62-5
	0.33
	3.00
	0.50
	0.62
	0.05
	0.01

	SD60-10
	0.30
	3.00
	0.50
	0.60
	0.10
	-

	SDM60-10
	0.30
	3.00
	0.50
	0.60
	0.10
	0.01

	SD55-15
	0.30
	3.00
	0.50
	0.55
	0.15
	-

	SDM55-15
	0.30
	3.00
	0.50
	0.55
	0.15
	0.01


Table 2: Categories of Specimens - Composition Proportions (wt).

The sensors used for measurement of corrosion rate of reinforcing steel are strain gauge (SG) type KM-30-120 of KYOWA. In each specimen two SG sensors were embedded. The first one, horizontally mounted near the rebar, measured the swelling of the specimen due to cumulative of corrosion and other parameters (creep, wetting), which change the specimen’s volume. The second SG, vertically mounted far from the rebar, compensated the parameters of specimen volume variation except corrosion [8],[9]. Impressed anodic potential of 1.0, 1.5, and 2.0 V was applied for several days for the acceleration of the corrosion process of the reinforced specimens immersed in 3.5 % NaCl solution. The test set–up included a potentiostat for applying the anodic potential, the SG bridge - amplifier circuit and the multimeter for SG resistance measurements [8].

3.
Results and Discussion

The comparative diagram obtained by the SG technique for the reference specimens (RE) as well as for all composite specimens is illustrated in Figure 1 as a function of time. Specimens tested under similar conditions of fixed anodic potential are classified according to their corrosion behavior. The initial time is the moment of application of anodic potential to the specimen. In all cases there is an increase in SG values, related to corrosion. During the first 18 days of the anodic potential application, a low rate of expansion of the specimens RE and SD0-5 was observed. The time of corrosion initiation as indicated by an increase in the SG value for the specimens SD65-0, SD62-5, SD55-15 and SD60-10 was the 4th day, where cracks were noted from the 5th day, with one-day delays, respectively. The better corrosion resistance of SD0-5 is evident compared to the other composite specimens.


[image: image1.wmf]0

100

200

300

400

500

0

4

8

12

16

20

24

Time (Days)

SG values

 V)

0

0,5

1

1,5

2

2,5

3

Anodic Potential

 (mV)

RE

SD65-0

SD62-5

SD60-10

SD55-15

SD0-5

POTENTIAL


Figure 1: SG values.

Measurements obtained by the SG technique as a function of time for the reference specimens (RE) and composite specimens with the corrosion inhibitor (SDM65-0, SDM62-5, SDM60-10 and SDM55-15) are illustrated in Figure 2. The incorporation of the alkanolamine-based inhibitor in the composite specimens having the worst behavior retarded their cracking for about 4-7 days, without changing their ranking.
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Figure 2: SG-values for specimens with the alkanolamine-based inhibitor.

The results of the gravimetric determination of mass loss of rebars for all SG-specimens after exposure in the corrosive environment of 3.5% wt. NaCl solution are given in Figure 3. The use of CKD alone provided protection of reinforcement against induced corrosion as this is expressed by the lowest mass loss of steel. The use of BFS alone, as well as the combined use of BFS and CKD in the percentage of 5%, resulted in higher mass losses, whereas the combined use of BFS and CKD in the percentages of 10% and 15% provoked mass losses almost equal to that of the reference specimen. It is obvious that the addition of BFS does not offer any protection to the reinforcing steel, but again the lowering of BFS percentage and the increase in the CKD percentage results in an improvement of the above-mentioned situation. 

This could partly be attributed to the fact that the incorporation of the finely ground CKD in the mix results in a relative reduction of the pore size and the effective porosity as it was shown in previous studies [3]. This, in turn, leads to an improvement of the durability characteristics of the external layers of the hardened material. It appears that the addition of 5% CKD is probably not sufficient to provide the level of alkalinity required to balance out the pozzolanic reaction which is responsible for the observed reduction in the pH value of the material. However, it should be noted that mortars containing slag are known to be sufficiently durable to corrosive conditions such as immersion to NaCl solution, but with an at least three-month delay, because they retard to obtain their maximum strength as compared to pure PC mortars.

Therefore, and given the short-term duration of the SG measurements, it was considered necessary to cross-examine the results of this method with others with a longer duration of time.


[image: image3.wmf]0

200

400

600

800

RE

SD0-5

SD65-0

SD62-5

SD60-10

SD55-15

MASS  LOSS

 (mg)


Figure 3: Mass loss of steel reinforcement in SG specimens.

The corrosion potential of cylindrical mortar specimens partially immersed in 3.5% w/w NaCl solution was monitored according to ASTM C876 – 87, using a saturated calomel electrode (SCE) as reference electrode (Figure 4). Specimens with BFS alone present the lowest electronegative values, whereas reference specimens present the greatest, which along with the most electronegative final potential values denotes an increase in the electrochemical activity of the system. All other categories of specimens range between the two extremes, with small differences in potential values. The incorporation of the alkanolamine-based inhibitor again reduced in all cases the values of the corrosion potential denoting an ameliorated in concrete performance (Figure 5).
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Figure 4: Half-cell potentials on steel reinforcement.
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Figure 5: Half-cell potentials on steel reinforcement for specimens with inhibitor.
Potentiodynamic polarization measurements [7] were carried out for specimens partially immersed in 3.5% wt NaCl solution for six months. From Figure 6 it is obvious that SD62-5 and SD60-10 specimens present the lower corrosion current densities, whereas reference specimens as well as those with BFS alone and 15% CKD present increased values. The fact that SD55-15 specimens present the greatest values may be attributed to their increased porosity due to the presence of high percentage of CKD. Specimens with BFS alone present also increased corrosion rates. It seems that the behaviour of specimens containing BFS is comparatively better than that from the SG measurements, which can be attributed to the fact that the necessary time for the evolution of its beneficial properties has elapsed.
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Figure 6: Corrosion current density as a function of time.
4.
Conclusions

The use of CKD alone provided the lowest corrosion rate. The use of BFS alone, as well as the combined use of BFS and CKD in the percentage of 5%, resulted in higher corrosion rates, whereas the combined use of BFS and CKD in the percentages of 10% and 15% resulted in a protection level almost equal to that of the reference specimen. 

It is obvious that the addition of BFS does not offer any protection to the reinforcing steel, but the lowering of BFS percentage and the increase in the CKD percentage results in an improvement of their anticorrosive behavior. The addition of CKD compensates for the low protection offered by BFS by a relative reduction of the pore size leading to an improvement of the durability characteristics of the external layers of the hardened material. The incorporation of the alkanolamine-based inhibitor in the composite specimens provoked a further enhancement of the protection offered by CKD.
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		14		17								16				2.5

		15		25								18				2.5

		16		44								33				2.5

		17		45								37				2.5

		18		47								39				2.5

		19		55								42				2.5

		20		102								85				2.5

		21														2.5

		22														2.5

		23														2.5

		24														2.5

																2.5

																2.5

																2.5





FM-old

		TIME		SGO		SG65'		SG62-5'		SG60-10'		SG55-15'		SGC		POTENTIAL

		0		0		0.00		0.00		0		0.00		0.00		1.5

		1		4		12.00		1.00		4.00		2.00		4.00		1.5

		2		7		14.00		5.00		8.00		3.00		5.00		1.5

		4		4		22.00		12.00		9.00		3.00		4.00		2

		5		5		35.00		23.00		12.00		7.00		6.00		2

		6		7		49.00		37.00		22.00		9.00		8.00		2

		7		7		55.00		48.00		20.00		16.00		7.00		2

		8		13		126.00		82.00		24.00		19.00		6.00		2

		10		14		834.00		145.00		29.00		34.00		11.00		2.5

		12		17				340.00		32.00		41.00		13.00		2.5

		13		19				1020.00		125.00		43.00		15.00		2.5

		14		17						856.00		50.00		16.00		2.5

		15		25								42.00		18.00		2.5

		16		44								57.00		33.00		2.5

		17		45								69.00		37.00		2.5

		18		47								160.00		39.00		2.5

		19		55								380.00		42.00		2.5

		20		102								650.00		85.00		2.5

		21														2.5

		22														2.5

		23														2.5

		24														2.5

																2.5

																2.5

																2.5





F-old

		TIME		SGO		SG60-10		SG55-15		SG65		SGC		SG62-5		POTENTIAL

		0		0		0		0		0.00		0		0		1.5

		1		4		0.00		2		14.00		4		0.00		1.5

		2		7		14.00		3		10.00		5		3.00		1.5

		4		4		20.00		3		34.00		4		21.00		2

		5		5		27.00		7		826.00		6		32.00		2

		6		7		212.00		9				8		864.00		2

		7		7		1112.00		16				7				2

		8		13				19				6				2

		11		14				34				11				2.5

		12		17				41				13				2.5

		13		19				43				15				2.5

		14		17				50				16				2.5

		15		25				42				18				2.5

		16		44				57				33				2.5

		17		45				69				37				2.5

		18		47				160				39				2.5

		19		55				380				42				2.5

		20		102				650				85				2.5

		21														2.5

		22														2.5

		23														2.5

		24														2.5

																2.5

																2.5

																2.5
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		13		13		13		13		13

		14		14		14		14		14

		15		15		15		15		15

		16		16		16		16		16

		17		17		17		17		17

		18		18		18		18		18

		19		19		19		19		19

		20		20		20		20		20

		21		21		21		21		21

		22		22		22		22		22

		23		23		23		23		23

		24		24		24		24		24

		25		25		25		25		25

		26		26		26		26		26



RE

SD65-0

SD62-5

SD60-10

SD55-15

Time (Weeks)

Corrosion Potential (mV)

-248.5

-216.25

-211.75

-234.75

-214.5

-427

-189.75

-190

-267.25

-220

-445.75

-179

-256

-390.75

-212.25

-511.5

-183.75

-255

-363

-221.25

-483.25

-205

-215.75

-403.5

-324.5

-480.75

-197.75

-215.75

-402

-367

-456.25

-184.25

-200

-398.75

-339.75

-477.75

-178.25

-205.25

-361.25

-358.25

-471

-179.5

-324.25

-407.5

-385.25

-478.25

-334

-363.75

-407.25

-394

-485.75

-375

-330

-374

-412.75

-505.5

-344.5

-350.5

-384.75

-406.5

-521.75

-394

-371.25

-396

-433.5

-524

-375

-395.75

-380.5

-440

-492.75

-396.5

-373.5

-383

-452.25

-497

-346

-452

-483

-456.25

-530.75

-401.25

-464

-490

-432.5

-556.5

-399.5

-463

-498.5

-477.75

-557

-398

-461.5

-504

-492

-560

-397

-469.25

-511.5

-509

-568.25

-401

-506.25

-543

-482.5

-562

-388.5

-576.5

-544.75

-463

-557.75

-448.75

-591

-527.5

-560.25

-466

-598.75

-541

-534.25

-473.5

-594.75

-599.5

-559.5

-475.25

-593.25

-570.75

-543



INH-M

		0		0		0		0		0

		1		1		1		1		1

		2		2		2		2		2

		3		3		3		3		3

		4		4		4		4		4

		5		5		5		5		5

		6		6		6		6		6

		7		7		7		7		7

		8		8		8		8		8

		9		9		9		9		9

		10		10		10		10		10

		11		11		11		11		11

		12		12		12		12		12

		13		13		13		13		13

		14		14		14		14		14

		15		15		15		15		15

		16		16		16		16		16

		17		17		17		17		17

		18		18		18		18		18

		19		19		19		19		19

		20		20		20		20		20

		21		21		21		21		21

		22		22		22		22		22

		23		23		23		23		23

		24		24		24		24		24

		25		25		25		25		25

		26		26		26		26		26



REM

SDM65-0

SDM62-5

SDM60-10

SDM55-15

Time (weeks)

Corrosion Potential (mV)

-222

-231.25

-215

-288

-226

-221

-235.25

-194.25

-302.5

-214.25

-197

-235.25

-267.75

-285.25

-212

-224.5

-214.25

-273

-298.25

-220.75

-293.25

-218.25

-260.25

-284.25

-281.75

-278

-192.75

-242.75

-338.75

-308.75

-290.5

-167.25

-251

-346

-268.75

-334.75

-178.75

-216.5

-333

-289.25

-324.75

-174.25

-393.75

-341.5

-269.75

-356.5

-305.25

-426.5

-355.5

-269

-378.25

-333.25

-373

-367

-256.75

-401.25

-325.75

-409.5

-419.75

-371.5

-435

-370

-399

-423

-416

-445

-366

-405

-424.5

-425

-425

-357

-411.75

-443.75

-433.25

-444.75

-344.75

-402

-449.5

-436.75

-421.5

-358.75

-422.5

-450

-394.5

-431.25

-368.5

-433

-449.5

-426.75

-445

-370

-443

-453

-448.5

-461.5

-372

-448.25

-427

-478.75

-465.25

-375.5

-420.5

-448.75

-442

-446

-357.75

-441.25

-451.25

-409.25

-456.75

-403.5

-444.25

-469.5

-447

-401.5

-393.75

-440.25

-422.75

-395.5

-408

-428

-433

-388.5

-415.25

-423.25

-354.5



MO4-Ecor

		weeks		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26

		RE		-249		-427		-446		-512		-483		-481		-456		-478		-471		-478		-486		-506		-522		-524		-493		-497		-531		-557		-557		-560		-568		-562		-558		-560		-534		-560		-571

		SD65-0		-216		-190		-179		-184		-205		-198		-184		-178		-180		-334		-375		-345		-394		-375		-397		-346		-401		-400		-398		-397		-401		-389		-449		-466		-474		-475		-543

		SD62-5		-212		-190		-256		-255		-216		-216		-200		-205		-324		-364		-330		-351		-371		-396		-374		-452		-464		-463		-462		-469		-506		-577		-591		-599		-595		-593

		SD60-10		-235		-267		-391		-363		-404		-402		-399		-361		-408		-407		-374		-385		-396		-381		-383		-483		-490		-499		-504		-512		-543		-545		-528		-541		-600

		SD55-15		-215		-220		-212		-221		-325		-367		-340		-358		-385		-394		-413		-407		-434		-440		-452		-456		-433		-478		-492		-509		-483		-463

		weeks		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26

		REM		-222		-221		-197		-225		-293		-278		-291		-335		-325		-357		-378		-401		-435		-445		-425		-445		-422		-431		-445		-462		-465		-446		-457		-447		-423		-433		-423.25

		SDM65-0		-231		-235		-235		-214		-218		-193		-167		-179		-174		-305		-333		-326		-370		-366		-357		-345		-359		-369		-370		-372		-376		-358		-404		-402		-396		-389		-354.5

		SDM62-5		-215		-194		-268		-273		-260		-243		-251		-217		-394		-427		-373		-410		-399		-405		-412		-402		-423		-433		-443		-448		-421		-441		-444		-394		-408		-415

		SDM60-10		-288		-303		-285		-298		-284		-339		-346		-333		-342		-356		-367		-420		-423		-425		-444		-450		-450		-450		-453		-427		-449		-451		-470		-440		-428

		SDM55-15		-226		-214		-212		-221		-282		-309		-269		-289		-270		-269		-257		-372		-416		-425		-433		-437		-395		-427		-449		-479		-442		-409
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		20		20		20		20		20

		21		21		21		21		21

		22		22		22		22		22

		23		23		23		23		23

		24		24		24		24		24

		25		25		25		25		25

		26		26		26		26		26



RE

SD65-0

SD62-5

SD60-10

SD55-15

Time (Weeks)

Corrosion Potential (mV)

-248.5

-216.25

-211.75

-234.75

-214.5

-427

-189.75

-190

-267.25

-220

-445.75

-179

-256

-390.75

-212.25

-511.5

-183.75

-255

-363

-221.25

-483.25

-205

-215.75

-403.5

-324.5

-480.75

-197.75

-215.75

-402

-367

-456.25

-184.25

-200

-398.75

-339.75

-477.75

-178.25

-205.25

-361.25

-358.25

-471

-179.5

-324.25

-407.5

-385.25

-478.25

-334

-363.75

-407.25

-394

-485.75

-375

-330

-374

-412.75

-505.5

-344.5

-350.5

-384.75

-406.5

-521.75

-394

-371.25

-396

-433.5

-524

-375

-395.75

-380.5

-440

-492.75

-396.5

-373.5

-383

-452.25

-497

-346

-452

-483

-456.25

-530.75

-401.25

-464

-490

-432.5

-556.5

-399.5

-463

-498.5

-477.75

-557

-398

-461.5

-504

-492

-560

-397

-469.25

-511.5

-509

-568.25

-401

-506.25

-543

-482.5

-562

-388.5

-576.5

-544.75

-463

-557.75

-448.75

-591

-527.5

-560.25

-466

-598.75

-541

-534.25

-473.5

-594.75

-599.5

-559.5

-475.25

-593.25

-570.75

-543
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REM

SDM65-0

SDM62-5

SDM60-10

SDM55-15

Time (weeks)

Corrosion Potential (mV)

-222

-231.25

-215

-288

-226

-221

-235.25

-194.25

-302.5

-214.25

-197

-235.25

-267.75

-285.25

-212

-224.5

-214.25

-273

-298.25

-220.75

-293.25

-218.25

-260.25

-284.25

-281.75

-278

-192.75

-242.75

-338.75

-308.75

-290.5

-167.25

-251

-346

-268.75

-334.75

-178.75

-216.5

-333

-289.25

-324.75

-174.25

-393.75

-341.5

-269.75

-356.5

-305.25

-426.5

-355.5

-269

-378.25

-333.25

-373

-367

-256.75

-401.25

-325.75

-409.5

-419.75

-371.5

-435

-370

-399

-423

-416

-445

-366

-405

-424.5

-425

-425

-357

-411.75

-443.75

-433.25

-444.75

-344.75

-402

-449.5

-436.75

-421.5

-358.75

-422.5

-450

-394.5

-431.25

-368.5

-433

-449.5

-426.75

-445

-370

-443

-453

-448.5

-461.5

-372

-448.25

-427

-478.75

-465.25

-375.5

-420.5

-448.75

-442

-446

-357.75

-441.25

-451.25

-409.25

-456.75

-403.5

-444.25

-469.5

-447

-401.5

-393.75

-440.25

-422.75

-395.5

-408

-428

-433

-388.5

-415.25

-423.25

-354.5



MO4-Ecor

		weeks		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26

		RE		-249		-427		-446		-512		-483		-481		-456		-478		-471		-478		-486		-506		-522		-524		-493		-497		-531		-557		-557		-560		-568		-562		-558		-560		-534		-560		-571

		SD65-0		-216		-190		-179		-184		-205		-198		-184		-178		-180		-334		-375		-345		-394		-375		-397		-346		-401		-400		-398		-397		-401		-389		-449		-466		-474		-475		-543

		SD62-5		-212		-190		-256		-255		-216		-216		-200		-205		-324		-364		-330		-351		-371		-396		-374		-452		-464		-463		-462		-469		-506		-577		-591		-599		-595		-593

		SD60-10		-235		-267		-391		-363		-404		-402		-399		-361		-408		-407		-374		-385		-396		-381		-383		-483		-490		-499		-504		-512		-543		-545		-528		-541		-600

		SD55-15		-215		-220		-212		-221		-325		-367		-340		-358		-385		-394		-413		-407		-434		-440		-452		-456		-433		-478		-492		-509		-483		-463

		weeks		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26

		REM		-222		-221		-197		-225		-293		-278		-291		-335		-325		-357		-378		-401		-435		-445		-425		-445		-422		-431		-445		-462		-465		-446		-457		-447		-423		-433		-423.25

		SDM65-0		-231		-235		-235		-214		-218		-193		-167		-179		-174		-305		-333		-326		-370		-366		-357		-345		-359		-369		-370		-372		-376		-358		-404		-402		-396		-389		-354.5

		SDM62-5		-215		-194		-268		-273		-260		-243		-251		-217		-394		-427		-373		-410		-399		-405		-412		-402		-423		-433		-443		-448		-421		-441		-444		-394		-408		-415

		SDM60-10		-288		-303		-285		-298		-284		-339		-346		-333		-342		-356		-367		-420		-423		-425		-444		-450		-450		-450		-453		-427		-449		-451		-470		-440		-428

		SDM55-15		-226		-214		-212		-221		-282		-309		-269		-289		-270		-269		-257		-372		-416		-425		-433		-437		-395		-427		-449		-479		-442		-409






_1212847206.xls
Γράφημα1

		RE

		SD65-0

		SD62-5

		SD60-10

		SD55-15

		REM

		SDM65-0

		SDM62-5

		SDM60-10

		SDM55-15



Corrosion Current 
Density (μΑ/cm2)

41.9

53.7

22.1

26

60.6

29.4

31.1

21

26.7

55.9



S-Icor

		RE		SD65-0		SD62-5		SD60-10		SD55-15				REM		SDM65-0		SDM62-5		SDM60-10		SDM55-15

		41.9		53.7		22.1		26		60.6				29.4		31.1		21		26.7		55.9





Φύλλο2

		





Φύλλο3

		






_1212847026.xls
Φύλλο5

		





Φύλλο5

		0		0		0		0		0		0		0

		1		1		1		1		1		1		1

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4

		5		5		5		5		5		5		5

		6		6		6		6		6		6		6

		7		7		7		7		7		7		7

		8		8		8		8		8		8		8

		10		10		10		10		10		10		10

		12		12		12		12		12		12		12

		13		13		13		13		13		13		13

		14		14		14		14		14		14		14

		15		15		15		15		15		15		15

		16		16		16		16		16		16		16

		17		17		17		17		17		17		17

		18		18		18		18		18		18		18

		19		19		19		19		19		19		19

		20		20		20		20		20		20		20

		21		21		21		21		21		21		21

		22		22		22		22		22		22		22

		23		23		23		23		23		23		23

		24		24		24		24		24		24		24

														2.5

														2.5

														2.5



SGO

SGC

SG25-15

SG60-10'

SG62-5'

SG65'

POTENTIAL

TIME (DAYS)

SG VALUES (mV)

ANODIC POTENTIAL (V)

0

0

0

0

0

0

1.5

4

4

2

4

1

12

1.5

7

5

3

8

5

14

1.5

4

4

3

9

12

22

2

5

6

7

12

23

35

2

7

8

9

22

37

49

2

7

7

16

20

48

55

2

13

6

19

24

82

126

2

14

11

34

29

145

834

2.5

17

13

41

32

340

2.5

19

15

43

125

1020

2.5

17

16

50

856

2.5

25

18

42

2.5

44

33

57

2.5

45

37

69

2.5

47

39

160

2.5

55

42

380

2.5

102

85

650

2.5

2.5

2.5

2.5

2.5



Fig-M

		0		0		0		0		0		0		0

		1		1		1		1		1		1		1

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4

		5		5		5		5		5		5		5

		6		6		6		6		6		6		6

		7		7		7		7		7		7		7

		8		8		8		8		8		8		8

		10		10		10		10		10		10		10

		12		12		12		12		12		12		12

		13		13		13		13		13		13		13

		14		14		14		14		14		14		14

		15		15		15		15		15		15		15

		16		16		16		16		16		16		16

		17		17		17		17		17		17		17

		18		18		18		18		18		18		18

		19		19		19		19		19		19		19

		20		20		20		20		20		20		20

		21		21		21		21		21		21		21

		22		22		22		22		22		22		22

		23		23		23		23		23		23		23

		24		24		24		24		24		24		24

														2.5

														2.5

														2.5



REM

SDM65-0

SDM62-5

SDM60-10

SDM55-15

SDM0-5

POTENTIAL

Time (Days)

SG Values (mV)

Anodic Potential (mV)

0

0

0

0

0

0

1.5

4

12

1

4

5

4

1.5

7

14

5

8

9

5

1.5

4

22

12

9

11

4

2

5

35

23

12

16

6

2

7

49

37

22

25

8

2

7

55

48

20

29

7

2

13

126

82

24

40

6

2

14

834

145

29

95

11

2.5

17

340

32

203

13

2.5

19

1020

125

650

15

2.5

17

856

930

16

2.5

25

18

2.5

44

33

2.5

45

37

2.5

47

39

2.5

55

42

2.5

102

85

2.5

2.5

2.5

2.5

2.5



Φύλλο4

		TIME		REM		SDM65-0		SDM62-5		SDM60-10		SDM55-15		SDM0-5		POTENTIAL

		0		0		0		0		0		0		0		1.5

		1		4		12		1		4		5		4		1.5

		2		7		14		5		8		9		5		1.5

		4		4		22		12		9		11		4		2

		5		5		35		23		12		16		6		2

		6		7		49		37		22		25		8		2

		7		7		55		48		20		29		7		2

		8		13		126		82		24		40		6		2

		10		14		834		145		29		95		11		2.5

		12		17				340		32		203		13		2.5

		13		19				1020		125		650		15		2.5

		14		17						856		930		16		2.5

		15		25										18		2.5

		16		44										33		2.5

		17		45										37		2.5

		18		47										39		2.5

		19		55										42		2.5

		20		102										85		2.5

		21														2.5

		22														2.5

		23														2.5

		24														2.5

																2.5

																2.5

																2.5





Γράφημα2

		0		0		0		0		0		0		0

		1		1		1		1		1		1		1

		2		2		2		2		2		2		2

		4		4		4		4		4		4		4

		5		5		5		5		5		5		5

		6		6		6		6		6		6		6

		7		7		7		7		7		7		7

		8		8		8		8		8		8		8

		11		11		11		11		11		11		11

		12		12		12		12		12		12		12

		13		13		13		13		13		13		13

		14		14		14		14		14		14		14

		15		15		15		15		15		15		15

		16		16		16		16		16		16		16

		17		17		17		17		17		17		17

		18		18		18		18		18		18		18

		19		19		19		19		19		19		19

		20		20		20		20		20		20		20

		21		21		21		21		21		21		21

		22		22		22		22		22		22		22

		23		23		23		23		23		23		23

		24		24		24		24		24		24		24

														2.5

														2.5

														2.5



RE

SD65-0

SD62-5

SD60-10

SD55-15

SD0-5

POTENTIAL

Time (Days)

SG values (mV)

Anodic Potential (mV)

0

0

0

0

0

0

1.5

4

14

0

0

2

4

1.5

7

10

3

14

20

5

1.5

4

34

21

20

25

4

2

5

826

32

27

30

6

2

7

864

30

45

8

2

7

55

80

7

2

13

212

380

6

2

14

1112

1200

11

2.5

17

13

2.5

19

15

2.5

17

16

2.5

25

18

2.5

44

33

2.5

45

37

2.5

47

39

2.5

55

42

2.5

102

85

2.5

2.5

2.5

2.5

2.5



Φύλλο1

		TIME		RE		SD60-10		SD55-15		SD65-0		SD0-5		SD62-5		POTENTIAL

		0		0		0		0		0		0		0		1.5

		1		4		0		2		14		4		0		1.5

		2		7		14		20		10		5		3		1.5

		4		4		20		25		34		4		21		2

		5		5		27		30		826		6		32		2

		6		7		30		45				8		864		2

		7		7		55		80				7				2

		8		13		212		380				6				2

		11		14		1112		1200				11				2.5

		12		17								13				2.5

		13		19								15				2.5

		14		17								16				2.5

		15		25								18				2.5

		16		44								33				2.5

		17		45								37				2.5

		18		47								39				2.5

		19		55								42				2.5

		20		102								85				2.5

		21														2.5

		22														2.5

		23														2.5

		24														2.5

																2.5

																2.5

																2.5





FM-old

		TIME		SGO		SG65'		SG62-5'		SG60-10'		SG55-15'		SGC		POTENTIAL

		0		0		0.00		0.00		0		0.00		0.00		1.5

		1		4		12.00		1.00		4.00		2.00		4.00		1.5

		2		7		14.00		5.00		8.00		3.00		5.00		1.5

		4		4		22.00		12.00		9.00		3.00		4.00		2

		5		5		35.00		23.00		12.00		7.00		6.00		2

		6		7		49.00		37.00		22.00		9.00		8.00		2

		7		7		55.00		48.00		20.00		16.00		7.00		2

		8		13		126.00		82.00		24.00		19.00		6.00		2

		10		14		834.00		145.00		29.00		34.00		11.00		2.5

		12		17				340.00		32.00		41.00		13.00		2.5

		13		19				1020.00		125.00		43.00		15.00		2.5

		14		17						856.00		50.00		16.00		2.5

		15		25								42.00		18.00		2.5

		16		44								57.00		33.00		2.5

		17		45								69.00		37.00		2.5

		18		47								160.00		39.00		2.5

		19		55								380.00		42.00		2.5

		20		102								650.00		85.00		2.5

		21														2.5

		22														2.5

		23														2.5

		24														2.5

																2.5

																2.5

																2.5





F-old

		TIME		SGO		SG60-10		SG55-15		SG65		SGC		SG62-5		POTENTIAL

		0		0		0		0		0.00		0		0		1.5

		1		4		0.00		2		14.00		4		0.00		1.5

		2		7		14.00		3		10.00		5		3.00		1.5

		4		4		20.00		3		34.00		4		21.00		2

		5		5		27.00		7		826.00		6		32.00		2

		6		7		212.00		9				8		864.00		2

		7		7		1112.00		16				7				2

		8		13				19				6				2

		11		14				34				11				2.5

		12		17				41				13				2.5

		13		19				43				15				2.5

		14		17				50				16				2.5

		15		25				42				18				2.5

		16		44				57				33				2.5

		17		45				69				37				2.5

		18		47				160				39				2.5

		19		55				380				42				2.5

		20		102				650				85				2.5

		21														2.5

		22														2.5

		23														2.5

		24														2.5

																2.5

																2.5

																2.5






_1212517394.xls
Γράφημα1

		RE

		SD0-5

		SD65-0

		SD62-5

		SD60-10

		SD55-15



MASS  LOSS
 (mg)

480

310

727

620

508

452



Φύλλο1

		RE		480

		SD0-5		310

		SD65-0		727

		SD62-5		620

		SD60-10		508

		SD55-15		452





Φύλλο2

		





Φύλλο3

		






