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Abstract

Studies were carried out on the charge material and energy required by an EAF for production of liquid steel
using Heuristic method. Process modeling of the Steel refining operation was performed. The results from the
material balance and Energy balance shows 13.38% reduction in the charge materials and 7.38% reduction in the
energy required for the furnace steel refining process for a furnace rated for production of 30 tons of liquid steel.

1.0 Introduction

An EAF is a furnace that heats charged material by means of an electric arc. Arc furnaces range in size from small
units of approximately one ton capacity used in foundries for producing cast iron products up to about 400 ton
units used for secondary steelmaking. Industrial EAF temperatures can be up to 1,800 <T (3,272 F), while
laboratory units can exceed 3,000 <T (5,432 F). Arc furnaces differ from induction furnaces in that the charge
material is directly exposed to an electric arc, and the current in the furnace terminals passes through the charged
material [1].

First some history of the direct-arc electric-furnace; Dr. Paul Heroult developed and patented the first AC
direct-arc electric-furnace in the late 1800’s. Aside from various innovations, developments and refinements in
the design of the furnace components, the basic design principle remains the same as it was originally developed
and patented. The primary concept for the furnace developed by Dr. Heroult involved the use of two or more
electrodes, with the electric current passing from one electrode through an arc to the charge, then flowing
through the charge and passing through an arc to the other electrode or electrodes. Accordingly, this type of
furnace is often referred to as the “Heroult” type [2].

The steel manufacturing in electric arc furnaces accelerated during the 1930 and 1999 were 33 % of the world
production of raw steel produced in EAF. Depending on access to raw material, energy and technical
development the scrap based metallurgy vary between different parts of the world. The amount of raw steel
produced in EAF increases yearly by 4-5 % and is believed to be about 400 million ton 2005 and answer for
more than 50 % of raw steel production 2010. The increase of minimills both in developing countries and the
industrialised world contribute to the substantial increase together with investments in the existing steel industry.
The cost of investment in electric arc furnaces technique is considerable smaller than for ore-based steel
manufacturing.

The Today’s EAF

Today’s Electric arc furnaces may be categorised into three as direct arc EAF, indirect arc EAF and induction
EAF as shown in figure 1. All types of units are suited for the melting of high melting point alloys such as steels
and they may be lined with acid or basic refractories. The ordinary EAF consists of a cylindrical furnace room
with basic lining [3].

It was believed that it would be better from an economical point of view with a DC furnace. A comparison of
electrode use between AC and DC furnaces shows that the DC furnace uses 1-1.5 kg/ton steel and the AC
furnace 2-3 kg/ton steel (even in some cases lower than 2 kg/ton steel). The difference in the cost of electrodes
decreases because AC furnaces use electrodes 600 mm in diameter while DC furnaces use electrodes with
700-750 mm in diameter, which is about 20 % more expensive. The DC furnaces have higher costs for
construction and maintenance work since it uses a bottom electrode; this is however in some way compensated
by lower cost of electrode material. Both the inner and outer environment is affected by the sound level, when
charging and when the power is on the furnace. A DC furnace gives 50-60 % less noise than an AC furnace, but
different construction can decrease the difference [5].

66


http://www.iiste.org/Journals/index.php/CPER
http://www.iiste.org/
http://www.atlasfdry.com/electricarcfurnaces.htm#direct
http://www.atlasfdry.com/electricarcfurnaces.htm#indirect

Chemical and Process Engineering Research www.iiste.org

ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) lla!l
\Vol.28, 2014 |
{a) Carbon electrodes (b) (c)
- Power leads Electrodes
T T
iy T
(s )N Refractory— |Fl pa—Copper
D cement (|9 |\ Bl induction
- d |ER coils
Trunnion-sf \ " Metal Crucible——ramEESl b |
" Roller W
1 0
Rammed hearth Metal ~ Slag , %
a) b) 0)

Figure 1: Classification of EAF: a) Direct EAF; b) Indirect EAF; c) Induction EAF

SECTION VIEW THROLGH LA¢ Water Cocked (oS PLAN VIEW OF £
U t s —
l l 5 Graghete alectrodas

Fairate shed

Soxerin .
Srchar bt — .'-':v‘;" £ Dot Laggrey

o cyteeter

Trervang inte Watar <owest (o'

Figure 3: Schematic Diagram of EAF

It was believed that it would be better from an economical point of view with a DC furnace. A comparison of
electrode use between AC and DC furnaces shows that the DC furnace uses 1-1.5 kg/ton steel and the AC
furnace 2-3 kg/ton steel (even in some cases lower than 2 kg/ton steel). The difference in the cost of electrodes
decreases because AC furnaces use electrodes 600 mm in diameter while DC furnaces use electrodes with
700-750 mm in diameter, which is about 20 % more expensive. The DC furnaces have higher costs for
construction and maintenance work since it uses a bottom electrode; this is however in some way compensated
by lower cost of electrode material.
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Figure 4: Electric Arc Furnace Design Operation and Working Principle.

Figure 5: A Typical Schematic of a DC Arc Furnace

Both the inner and outer environment is affected by the sound level, when charging and when the power is on the
furnace. A DC furnace gives 50-60 % less noise than an AC furnace, but different construction can decrease the
difference [5].

The arc in an EAF is created in similar way as in arc-welding with one electrode. In arc-welding an electric
current is passed through an electrode, which is brought close to the metal surface. When they get contact they
melt together and when the electrode slowly removes from the metal an arc occurs. The heat from the arc melts
the electrode onto the surface of the metal being welded. When an electrode in an EAF gets in contact with the
electric leading metal scrap, there will be a current in the circuit and when the electrode rises an arc occurs
between the graphite electrode and the scrap. When the electrode has contact with the scrap the contact surface is
heated. At high temperatures material is leaving the electrode in the form of charged ions [6].

The arc can be divided in three different parts:
» Cathode-area (negative charge), which is a spot on the cathode where the arc starts.
» Arc, which contains of a conducting plasma
> Anode-area (positive charge), where the arc ends.

In alternating current EAF (AC) the electrode and the scrap changes of being anode and cathode. In a direct
current EAF (DC-furnace) is always the electrode cathode and the bottom of the furnace is anode. In a
DC-furnace the bottom has to be a conductor.

The heat transfers are mainly radiation from the arc to the scrap. In some part heating radiation comes from the
heated ends of the graphite electrodes to the scrap. A convective heat transfer comes also from the arc . The
temperature in the middle of the arc is about between 10,000°C and 30,000°C .The melting in an EAF can be
divided into 5 different events [7].

i. At start the furnace is filled with scrap and the electrodes have to work in the upper part of the furnace. The
arcs are lighted and it is important to stabilize these and lover the points of the electrodes into the scrap.
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ii. Relatively soon the electrodes are bored down in the scrap, until they are a bit from the bottom of the
furnace. The furnace in now working at medium high effect.

iii. As the electrodes come closer to the bottom of the furnace a melt begins to form.

iv. During the main part of the melting the electrodes are working with the highest possible power. The sides
of the furnace are protected by scrap and have water cooled panels. If more than one scrap bucket is
charged the first steps is repeated.

v. When the main part of the scrap is melted and the temperature shall rise the power has to be reduced and
the arc shortened to protect the furnace. During this time foaming slag can be used, which protects the
walls and therefore use longer arc.

P
|

Melting Tapping of Slag Tapping of Steel

Figure 6. The furnace can be tilted to simplify tapping.

Stirring is of importance to equalize the temperature in the bath, especially in the peripheral parts of the bath.
When continuous charging is used it is important to avoid lumps of not yet molten material. A DC-furnace will
be electromagnetically stirred when the current is passing the bath, however this is sometime not enough, and
other stirring is also used. The stirring can take place through gas injection by nozzles in the bottom of the
furnace. An effective stirring is created if coal powder, (or fossil fuels) and oxygen is injected under the surface
of the steel bath . Some furnaces are equipped with an inductive stirrer in the bottom of the furnace to for
example make it easier tip the slag [8].The furnace can be tilted forwards and backwards to simplify the tapping
of steel and slag, see Figure 6.

2.0 Existing Refining Method in the Plant

The furnace is rated for production of 30 tons of liquid steel. It has an inner diameter of 9.4m. the plant is
designed for direct three phase connections of 30KV high voltage mains. The roof can be swung open to enhance
charging of the scrap and for slag removal. Feeding of sponge non-pelet and removal of the slag is effected
through the charging door opposite the spout the door is operated by an electric motor. Oxygen gas is lanced
with pipe through the charging door into the melt. The roof with structure is designed to permit the water-cooled
pipe nozzle required for fume extraction to be fitted For tapping and slag removal , the furnace shell is tilted
hydraulically in the direction of the tapping spout or the slag door.

After tapping a heat, the roof is moved away , and the hearth is inspected and where necessary, repaired. An
overhead crane then charges the furnace with scrap from a cylindrical bucket that is open on the top for loading
and fitted with a drop bottom for quick discharging. Scrap buckets are loaded in such a manner as to assure a
cushioning of heavy scraps when the load drops onto the hearth in order to obtain good electrical conductivity in
the charge, low risk of the electrode breakage and good furnace wall protection during melt down. Coke and
Slag formers are added to the charge to prevent over oxidation of the steel and to quicken slag formation. After
charging one bucket, the roof is moved back to the furnace and the electrodes lowered.
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Figure 7: The EAF used in the plant

After tapping a heat, the roof is moved away , and the hearth is inspected and where necessary, repaired. An
overhead crane then charges the furnace with scrap from a cylindrical bucket that is open on the top for loading
and fitted with a drop bottom for quick discharging. Scrap buckets are loaded in such a manner as to assure a
cushioning of heavy scraps when the load drops onto the hearth in order to obtain good electrical conductivity in
the charge, low risk of the electrode breakage and good furnace wall protection during melt down. Coke and
Slag formers are added to the charge to prevent over oxidation of the steel and to quicken slag formation. After
charging one bucket, the roof is moved back to the furnace and the electrodes lowered.

Melting begins with a low power setting until the electrodes have burned themselves into the light scrap on top
of the charge, protecting the side walls from over heating during high-power melt down. Leaving some scraps
un-melted at the furnace wall for its protection, a second bucket is charged and the same melt down procedure is
followed.

After meltdown, the carbon level in the steel is about 0.25% above the final tap level , which prevents the
oxidation of the melt. By this time a basic slag is formed , typically consisting of 55%Mn, 15% Silica and
15-20% iron oxide. Injection of the lime-coke mixture , which reacts with iron oxide in the slag to produce
carbon monoxide gas, generates slag foaming. This foams shields the sidewalls and permits a higher power
setting. If the carbon content in the steel is high , then oxygen lanced into the melt and if low , additional coke is
added. Samples are taken, the temperature of the bath is checked and the result will determine whether additional
heat energy needs to be supplied in order to achieve the required tapping temperature (1650-1700°C) depending
on the steel grade.

When all the required conditions have been achieved, the furnace is tapped by tilting it forward so that liquid
flows over the spout onto an already prepared ladle. When slag appears, a quick back tilt is applied and the slag
is poured through the charging door of the furnace into a slag pot. The total heat time is usually two-three hours
depending on the steel grade. The data recorded for one heat operation is shown in Table 2
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Table 2: The data recorded for one heat operation

Material/Energy Value Unit
Scrap 4.61 tons
DRI 21.82 tons
Liquid Steel in the furnace 1.82 tons
Lime 1.27 tons
FeMn 0.15 tons
FeSi 0.10 tons
Coke 0.01 tons
Volume of Oxygen Injected 130 Nm?
Total Material input 27.96 tons
Total energy Used MWhr
Working Temperature 1650 °c

3.0 Material balance

One of the major accomplishment of the theory of relativity is the formation of the principle that the total mass
and energy of a system is conserved .The general conservation of any process system can be written as :

Material out= material in + Generation —Consumption —Accumulation

For a steady state process the accumulation term is Zero.

Material Out = Material in

The Simplification of the material balance problem leads to a system of linear equations , where each of the
equation represents a stream. The number of the system of linear equation is a function of a number of streams.

The model was built on a simultaneous solution strategy using Gaussian elimination method
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Table 2: The Actual composition of the charge

Composition

Charge Material

Amount in Charge (Kg)

Mn Si C P
Scrap (Xy) 156.71 322.81 77.32 1.55
DRI (x,) 0.00 933.63 398.20 48.32
FeMn (x3) 14497.50 0.00 0.00 0.00
FeSi (X,) 0.00 14497.50 0.00 0.00

From the above algorithm , a matlab program was developed for the material balance of the electric arc furnace.

Material balance were done for furnace with Steel grade material of Nst 42/50 12 NIS 1990 for a targeted steel
analysis of 0.42%C, 0.19%Si, 0.36%Mn, 0.01%P and 0.23%. The liquid steel tapped was 19330kg. The initial

Input composition used for validating the model is show below:

FeMn: 25.00%Fe, 75.00%Mn
FeSi: 25.00%Fe, 75.00%Si

Scrap: 0.40%C, 1.6%Si,0.81%Mn,0.0085P and 0.006%S
DRI: 2.06%C, 4.83%Si,0.25%P and 0.1%S
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Table 2 shows the actual composition of the charge and table 2 shows the amount of element in the melt
Table 3: The amount of the element in the melt

Element Value Unit
Manganese (Mn) 262.88 Kg
Silicon (Si) 36.72 Kg
Carbon 81.18 Kg
Phosphorus 1.93 Kg

4.0 Energy balance

The usefulness of thermochemistry cannot be overestimated in energy balance problems in metallurgical plants
operation. Thermochemistry deals with heat transfer in volume in chemical reaction occurring irreversibly in
calorimeters. Electric furnace is a good example and the first law of thermodynamics applies.

For a system to be steady from energy balance point of view, it is required that temperature and pressure at each
point do not vary. An Electric furnace is an example of an unsteady state open system, however, for simplicity, it is
assumed to be steady. For calculation purposes, we have selected an arbitrary reference value for energy of the
system at 25°C  (278K) and 2*10° to be equal to zero. The first law was used to calculate the final energy of the
system at any other state in terms of heat and work required to reach that state. Thus,

Where E, = Final energy state of the system

E, = Initial energy state of the system

Q = Amount of heat transferred to the system

W = Work done by the system to the surrounding
When W= 0, we have

The above equation is a practical equation upon which energy balance in EAFoperation is based. It is an
illustration of an open system in which heat is supplied to the system.

Equation 10 can be evaluated using Hess’s law and kirchoff’s equation. We apply the Hess’s law to find the energy
of the system E; at standard states of 298K, while E, is finally determined as the energy of the furnace at working
temperature by adding Q, which is determined using Kirchoff’s equation. From Hess’s law,

Ei - HEE"'B - prrninfr - Hfreufmnr
Where H,gg = Enthalpy at standard state
H; = Heat of formation

From Kirchoff’s equation,

Where ACp = Change in heat capacity

Then the change in Heat capacity can be expressed as

AC, = C,ppmdm — C?,I_E_m_mm ................................................................................... 13
Substituting the equations (10) and (11) into equation (10), we have

Ey = Hpge + [AC,dT .o 14
Equation (14) gives the energy content when there is no transformation. Where there transformation occurs in EAF
equation 14 is modified as

Ey = AHygq + [ AC,IdT+ ALy + [ AC,HHAT + AL, + [FAC,IIIAT ...............15
Where ALf = Latent heat of fussion

ALv=Latent heat of vaporization

T’ and T” = Melting and Boiling temperatures, such that T,>T">T">T;

ACp(LILIIT) = Heat capacities at the elevated temperatures
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Table 4: Thermochemical Data [9]

Elements and | Heat of Formation | Latent Heat of Fussion, | Latent Heat of

Components AHs at298K (KJ/mol) | L¢ (KJ/mol) Vaporisation, L,
(KJ/mol)

Fe 0.00 14.952 35.532

0, 0.00 0.00 0.00

C 0.00 16.20 0.00

Si 0.00 38.51 0.00

Mn 0.00 14.49 231.62

P 0.00 2.58 52.58

S 0.00 9.28 0.00

FeO -271.40 0.00 0.00

CO -110.97 0.00 0.00

SiO; -851.00 0.00 0.00

MnO -386.57 0.00 0.00

P,0s -1512.00 0.00 0.00

Ca0 -637.14 0.00 0.00

CaS -480.06 0.00 0.00

<Fe>+1/,(0,) »<Fe0 >
To calculate the AH at 1923 Klrchoff ’s equation is modified to :

E, = 0Hyps = OHoee + fron

Where AHqq
AC,I =
ACII =
ACpIII =

<c=+1/(0,) - (co)

=Hioreo-
C‘,‘!:IiFEG}
C’pCFEO}

C'p <Fel =

To calculate the AH at 1923K

E; = AH gy = AH e + oo
=H

Where AHqq

1200

flco)

TACIAT + Ly pay + frnas AC,IIAT + Lyzey + frre
— {Hrere> + 1o Hro)))
— {Cpereas + /5 Coto)

- {Cpcfai?:- + 1(’2 Cw'iaz}}

— {Cotpeay + 1/ 2 Coto}

Heo))

ACpI = Cpippy — {Cpec> T lfz Coto,))
ACpIl = 'pICO} { pic + 1& Cp'io:._}}
ACRII = Cyregy —{Cpipy T+ 1}’2 C‘p':ﬂz}}

< S5i = +(0,) = <Si0, =
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Table 5: heat Capacities of elements and Compounds [9]

Element and | Heat capacity, Cp (Kg/mol) Temperature Range
Compounds (K)

<Feo> 17.489 + 24.769 x 10°T 298 — 1041
<Fep> 26.610 + 6.276 x 10°T 1041 — 1179
{Fe} 35.400 + 3.745 x 10°T 1179 — 1923
<FeO> 51.798 + 6.778 x 10T — 1.590 x 10°T* 298 — 1173
(0y) 29.957 +4.184 x 10°T — 1.674 x 10°T* 300 — 5000
<C> 17.154 + 4.268 x 10°T — 8.786 x 10°T 273-1373
{C} - -

(€) 20.92 -

(CO) 28.407 + 4.100 x 10T — 0.460 x 10°T* -

<Si> 23.933 + 2.469 x 10°T -4.142 x 10°T* 298 — 386
{sSi} 45.990 + 0.0231T 386 — 848
<Si0,> 46.945 + 34.309 x 10T — 11.297 x 10°T* 273 — 8480
<Mn> 15.792 + 0.03137T 298-1108
{Mn} 21.252 + 0.01659T 1108-1317
(Mn) 20.16 + 0.01772T 1317-1923
<MnO> 31.206 + 0.04359T — 0.0000152T -

<P> 23.10 298-317
{P} 27.72 317 -378
(P) 27.90 378 - 1923
<P,0s> 66.024 + 0.45864T 273 - 631
<Ca0> 49.622 + 4.519 x 10°T — 6.945 x 10°T* 273 - 631
<S> 14.811 + 24.058 x 10T — 4.142 x 10°T* 298 — 368
{S} 18.396 + 0.01848T 368 — 392
(S) 18.396 + 0.00126T 300 — 2500
<CaS> 24.187 + 7.740 x 10°T 273 - 1000

At 1923K, the AH will be
IEE B4R 1913
Ey = AHyopn = BHyop + Jo5p AC,1AT + L gy + Jogg AC,HIAT + Lypssy + [oge AC,IIIET....oooo.. 21

Where AHpge = Hpogi0 5 — {Hpesis + 1!’2 Hfo,)}
ACpl = Cpesioy> — {Cpasi + 1”2 Coto))
ACpII = Cpegin> — {Corsy + 1/ Catap)
ACpIl = Cpegip > —{Corany + 1;’3 Coloy}

<Mn>+1/,(0) 5 <MRO > 2
At 1923K, the AH will be

110E 1317 1923
E, = 0Hygp = BHyoe + [1o ACIAT + Leagny + Jyyge ACIIAT + Ly gy + [1z07 AC,HIdT........... 23

Where AHpge = Hpopngs — {Hpapns + 1”2 Heo,))
ACpl = Coopnos — {Cpepn> T 1/f2 Coto)}
ACRIT = Cocpno> — {C*pwn} + 1f}2 C?":G‘z}}

75


http://www.iiste.org/Journals/index.php/CPER
http://www.iiste.org/

Chemical and Process Engineering Research wWww.iiste.org
ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) (1NN |
\ol.28, 2014 I E

AC I = C-p::;'-:l'nl_‘_n‘} - {Ca(,wn} + 1f}2 C’p':ﬂz}}
2P > +2/5(05) = S P305 > (oo 24

At 1923K, the AH will be given by:
F17 37e 1923
Es = AH o0 = DHyop + Jpop AC,1AT + Lt agny + Joy7 AC,IIAT + Ly gy + [

aTe
Where AHygg = Hpep g » — {2Hfeps + 5f3 Heo)}
ACpl = Cpepyo.> — (2Cpep + EXE Coto)}
ACoII = Cyep o > — {2Comy + /5 Coto))
ACpIIl = Cpep g — {2Cpp + 5){2 Coto)}

AC,IIIdT........... 25

5.0 Result and Discussion

Table 6 shows the waste reduction of materials as a result of the process modeling of the EAF for steel refining.
The result from the material balance shows that 27.96 ton of charge materials will be required to produce 19.330
ton of Nst 42/50 12 NIS 1990 for a targeted steel analysis of 0.42%C, 0.19%Si, 0.36%Mn, 0.01%P and 0.23%.
trial by error method has always been used in this plant and 32.28ton of charge materials were used to obtain the
same result.

Table 6: The waste reduction of materials as result of the process modelling

Materials Amount (ton)
Steel Scrap 4.61

DRI 21.82

Fe-Mn 0.15

Fe-Si 0.10

Others 1.28

Total (Material Balance) 27.96

Total (Heuristic method) 32.28
Material Wasted 4.32

The incorporation of process modeling of the EAF for the production of steel has reduced material waste by
4.32ton. this represent 13.38% reduction in the charge materials required for the furnace steel refining
process.Table 7 shows the Energy reduction of materials as a result of the process modeling of the EAF for refining
of steel. The result from the Energy balance shows a total of 119.64MWhr is required for the refining of the steel.
Previously, it was observed the total energy used for refining of steel in the plant is 129.17MWhr. This shows a
process modeling incorporation into the refining process has saved about 9.53MWhr of Energy. This account for
7.38% reduction in the energy used for refining of steel in the plant.

Table 7: The Energy reduction of materials as result of the process modelling

Energy Value (MWhr)
E. 19.74

E, 9.90

Es 53.22

E, 24.72

E: 11.34

Es 0.72

Total (Energy Balance) 119.64

Total (Heuristics Method) 129.17
Energy Wasted 9.53
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6.0 Conclusion

We have shown that process modeling is a good tool for reduction of Waste of materials and Energy in Engineering
Process and Plant. The principle of Material balance and Energy balance has been applied to the refining of steel in
the furnace rated for production of 30 tons of liquid steel and it was observed that there was material waste
reduction of 4.32ton and about 9.53MWhr of Energy was saved. The results from the material balance and
Energy balance shows 13.38% reduction in the charge materials and 7.38% reduction in the energy required for
the furnace steel refining process.

References

1. Wikipedia (2014, November 3). EAF. Retrieved from http://
en.wikipedia.org/wiki/Electric_arc_furnace

2. Valchev, A. Y., Ninov, E. P., Peev, V. G,, Velev, V. T., Visokomogilski, G. A., & Krestenyakov, Y. I.
(1974). U.S. Patent No. 3,835,230. Washington, DC: U.S. Patent and Trademark Office. Lankford, W.
T. (Ed.). (1985). The Making, Shaping, and Treating of Steel. Association of Iron & Steel Engineers.

3. Li, J, Provatas, N., & Brooks, G. (2005). Kinetics of scrap melting in liquid steel. Metallurgical and
materials transactions B, 36(2), 293-302.

4. Li, J., Brooks, G. A., & Provatas, N. (2004). Phase-Field Modeling Of Steel Scrap Melting In A Liquid
Steel Bath. In Aistech-Conference Proceedings- (Vol. 1, P. 833). Association For Iron & Steel
Technology.

5. Heikkinen, E. P., & Fabritius, T. (2012). Modelling of the Refining Processes in the Production of
Ferrochrome and Stainless Steel. Recent Researches in Metallurgical Engineering-From Extraction to
Forming. InTech, 186, 65-88.

6. Alexis, J., Ramirez, M., Trapaga, G., & J&sson, P. (2000). Modeling of a DC Electric arc furnace: Heat
transfer from the arc. ISIJ international, 40(11), 1089-1097.

7. Gerhardt, B. J.,, Keith, C. I.,, & Christiaan, P. P. (1999). Modeling and simulation of an
EAFprocess. ISI1J international, 39(1), 23-32.

8. VvandaR. V., Holappa, L. E. K., & Karvonen, P. H. J. (1995). Modern steelmaking technology for
special steels. Journal of materials processing technology, 53(1), 453-465.

9. Wagman, D.D. (1993). Selected Values of Chemical Thermodynamic Properties. National Bureau of

Standards Technical Notes, 270-3,270-4,270-5,270-6 and 270-7. Washinton D.C.

77


http://www.iiste.org/Journals/index.php/CPER
http://www.iiste.org/

The I1ISTE is a pioneer in the Open-Access hosting service and academic event
management. The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

There are more than 30 peer-reviewed academic journals hosted under the hosting
platform.

Prospective authors of journals can find the submission instruction on the
following page: http://www.iiste.org/journals/ All the journals articles are available
online to the readers all over the world without financial, legal, or technical barriers
other than those inseparable from gaining access to the internet itself. Paper version
of the journals is also available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e INDEX ({@‘ COPERNICUS

ros I NTERNATIONAL
INFORMATION SERVICES

@ vimsice soumaocs @

£z 8 Elektronische
@O0@ Zeitschriftenbibliothek

open

-

|

o » (..L()R( H()\\\L\I\H{SII\
— UniverseDigitalLibrary —



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/

