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coke and sinter —

charge bucket ~off-gas
— " (to washing
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| up to separator
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hot blast main
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air preheater

/

molten zinc

tuyere molten lead forms A
to refinery
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lead-splash
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-
shkhg
blower (to dump) lead bullion

@ 2000 Encyclopaedia Britannica, Inc. (to refinery)



Blast furnaces produce pig iron from iron ore by the reducing action of carbon (supplied as coke) at a high temperature in the presence of
a fluxing agent such as limestone. Ironmaking blast furnaces consist of several zones: a crucible-shaped hearth at the bottom of the
furnace; an intermediate zone called a bosh between the hearth and the stack; a vertical shaft (the stack) that extends from the bosh to the
top of the furnace; and the furnace top, which contains a mechanism for charging the furnace. The furnace charge, or burden, of iron-
bearing materials (e.g., iron ore pellets and sinter), coke, and flux (e.g., limestone) descends through the shaft, where it is preheated and
reacts with ascending reducing gases to produce liquid iron and slag that accumulate in the hearth. Air that has been preheated to
temperatures from 900 to 1,250 °C (1,650 and 2,300 °F), together with injected fuel such as oil or natural gas, is blown into the furnace
through multiple tuyeres (nozzles) located around the circumference of the furnace near the top of the hearth; these nozzles may number
from 12 to as many as 40 on large furnaces. The preheated air is, in turn, supplied from a bustle pipe, a large-diameter pipe encircling the
furnace. The preheated air reacts vigorously with the preheated coke, resulting in both the formation of the reducing gas (carbon
monoxide) that rises through the furnace and a very high temperature of about 1,650 °C (3,000 °F) that produces the liquid iron and slag.



Jai g )8

. ’SJ
_J_‘LDJ
nace
-Blast Fur
3 0 Lld e
19 4
[U-“SJ

) 5

N

el

VAR TN
S/

: J. J
uﬁ

-) J - -)
-



Steam outlet

Steam JL
vessel —> ~ F

_Steel plate for

Opening for flue
outlet

support on wall

11
| |
s ]
‘11

o .
- - - —g

i
il
l l
|
l | [
} 7 T
Husk feeding port
Front view

—— Concrete slab for
support

I
I
l
l

l
l
[
i

_ Brick wall —

Steam outlet

Flue gas outlet

Back view




Sk 4ilsy ) -Copula Furnace- JisS s

Cupola Furnace

Scrap, Alloy, Coke
and Limestone In

A cupola furnace is a
vertical cylindrical
furnace used for
melting only cast
iron. Although other
furnaces are capable
of melting cast iron,
the largest tonnage of

cast iron is melted in
Cupola furnace.

Air In

The cupola showing the general inputs and outputs.

Charging door
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ROTARY FURNACE
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large rotating —»,
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The rotary furnace rests

on rollers, and is rotated

continuously as the

contents are heated.
motor keeps
drum rotating
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Fig.1:Schematic of induction furnace
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Vertical Core Type Induction Furnace

1.Core type induction furnace

The core type induction furnace is a
just like transformer having primary
connect to the supply and charge to be
heated as secondary.It consists of an
iron core cu risible of some insulating
material and primary winding
connected to an AC supply. The charge
is kept in the crucible. Which forms a
single term short circuited secondary
circuit? The current in the charge is very
high of the order of several thousand
amperes.

2 Vertical core type induction furnace

In this furnace a vertical channel
employ instead of horizontal channel
for the charge

The output of this furnace depends on
the types of dimension of the channel
used. Like V shape channel as in this
furnace used

Coing ol Spaut
SlpPlaned
Reoatos Val

ulid
(] P
| —

3. Indirect core type

induction furnace
In such a furnace an inductively heated

element is made to transfer its heat to the
charge by radiation .In this type of furnace the
principle of induction has been utilized for
providing heat treatment of metallic and
other charges. It consist of an iron core
linking with the primary winding and
secondary winding also. In this case
secondary consist of metal container. Primary
winding is connected to the AC supply
inducing current and heating the metal
container. Heat is transmitted to the charge
by radiation.

Viarking Lomy

]
)

Styctaw
Comaanenty

4 core less indurnace
The furnace consists
an external cylindrica
steel shell hinged at-
bottom to facilitate
tilting of furnace dur
pouring.The inner su
of the shell is covere:
with an insulating
material made of
asbestos, mica, while
bottom surface is
covered with refractc
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Carbon and Slag Door Electrode Cooling Graphite Movable Furnace Off-gas
Oxygen Arm Panels Electrodes Roof (water- Elbow
Injectors cooled)

Oxyfuel
‘ = Burner

‘ Furnace
Shell

(water-
cooled)

Refractory

- Slag

Steel Scrap

Melt

Eccentric
Bottom Tap

Ladle

_ Main components of an EAF using an AC furnace

T. Meier, Ph.D. Thesis, RWTH Aachen University, 2016.




Electrode Consumption
3 kg

S All
crap / Alloys Off-Gas and

1036 kg Dust

. . 235 kg
Lime/
Dolomite
28 kg
Carbon Natural Gas
21 kg 4 kg
Leak-Air
162 kg Oxygen

56 kg

Steel
1000 kg

Refractory
78 kg 3 kg

_ Exemplary mass balance for the EAF process _

T. Meler, Ph.D. Thesis, RWTH Aachen University, 2016.
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Lost foam casting is a process used to create complex metal pieces and parts in which molten metal evaporates a foam mold being held
still with sand. The process starts with a polystyrene foam as the mold material which can be carved, machined from a foam block, or
created using a process similar to injection molding. The latter process uses beads of polystyrene that are heated inside an aluminum die
to expand and fill the die. A completed polystyrene foam mold is then covered with a ceramic refractory coating to create a barrier
between the foam and the sand in which the foam mold sits. The small amount of waste gas created can escape into the sand.
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Compaction 5. Casting Pour 6. Shakeout
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What is the investment casting process?

During the investment casting process, besides some main equipment, we still need to utilize metal mold, wax, ceramic slurry, furnace,
molten metal. Below is the main process of investment casting production:

LR JE R

PATTERN PATTERN CERAMIC SHELL WAX PATTERN
PRODUCTION ASSEMBLY MOLD BURNOUT
PRODUCTION

""""" ® 0« -

o> B e W - AR

METAL POURING MOLD REMOVAL CASTING REMOVAL FINISHING
FROM CLUSTER




A: Tool design/build: Produce and provide the same patterns as finished products.

B: Mounting the Wax Patterns and Creating the Tree: Injects semi-solid wax using an automated process developed in-house for higher
dimensional stability

C: Create Shell: Dip wax pattern in a ceramic slurry, covered with sand stucco, repeat, and to dry.

D: Wax Removal: The entire assembly is placed steam autoclave to melt away the wax. Then get a hollow cavity
E: Pouring: Melting the metal to liquid, then pour into the shell hollow cavity

F: Shell removal: By knockout the shell to get the casting

G: Finishing: As per quality request, blast cleaning, plating, painting, assembly, and machining can be done

H: Testing and Inspection

I: Packing and delivery

the advantages or benefits of investment casting:

Excellent surface finish, near net shape,no flash or parting lines

Complex shapes — intricate parts are castable, hollow passages and thin walls
High dimensional accuracy, tight tolerances

Almost any metal can be cast. Such as steel, nickel-based superalloy, titanium
Affordable tooling, faster production
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What is furan resin sand casting?

Furan resin sand casting is a no-bake sand mold process, which furan resin plays a role as a bonding agent. This molding technique
maintains pretty excellently in casting good quality and smooth surface finish. Whereas, some limitations are high cost and high
raw material requirements.

Nowadays, numerous techniques are applied to process cast metal products. Some common names can list down such as green sand
molding, lost foam casting, investment casting, permanent mold casting, etc.

Continue series of the blog of molding technology, Vietnam Cast Iron introduces a popular and widely applied method in foundries which
names furan resin sand casting.

Stay with us to get more knowledge about what this process is and how it widely applicable in the metalworking industry.

Furan resin sand casting is a molding process. This method uses furan resin as a bonding agent and mixes with Catalyst in a suitable
proportion to produce sand mold.

The mixing ratio of furan resin binders for casting groups is different depending on the mas of the castings mass.

Concerning this technique, the sand mold is self-harden. It can concrete at the room temperature.

The furan process helps the mold to solidify easily and creates products with a highly polished surface and good quality.

The raw material of this method includes sand, furan resin, solidification agent, and annexing agent.

Regarding to the sand requirement, the content of SiO2 should be high, the content of mud and the value of acid should be low.

With respect to the furan resin, it is considered few or without nitrogen based on the technique demand and the structures of the metal
castings.

About solidification agent, generally, we should use organic sulfuric acid solution.

Finally, adding some annexing agents can improve the property furan resin self-hardening sand; increase the intensity of resin sand.

What is furan resin?

In Furan casting technology, furan resin plays the most important role as the binder for sand casting.

Furan resin is a polymer compound with the ingredients: 75% Furfuryl alcohol + 11% Formaldehyde + 9% Ure + 5% Water.
The ratio of the two components of Formaldehyde and Ure will affect the solid time and durability of Furan mixtures. Whereas,
Furfurylalcohol will affect the heat-resistant properties of the mixture.



https://vietnamcastiron.com/green-sand-casting/
https://vietnamcastiron.com/green-sand-casting/
https://vietnamcastiron.com/lost-foam-casting/
https://vietnamcastiron.com/tag/casting-technology/
https://en.wikipedia.org/wiki/Furfuryl_alcohol
https://en.wikipedia.org/wiki/Formaldehyde
https://en.wikipedia.org/wiki/Urea

What is the process of furan resin sand casting?

Furan casting technology uses high-precise mechanical processing machines which are synchronous and automatic lines to make molds
for the castings.

As other mold casing methods, the pattern is designed at the beginning of the furan resin sand casting process.The materials of a pattern
can vary from wooden, plastics to aluminum. In which aluminum is the most expensive material however it can guarantee the surface
quality of the product.

After the pattern-making step, the resin sand is mixed by sand treatment equipment and loads into the flask which contains the pattern.
The sand is pressed and make as solid as possible by the worker.

After that, the sand mold will be covered a type of alcohol-based coating and burn out until it is solid. As a result, a hard mold will be
created.

Next, the molten metal is poured into the mold. When the casting is solid, it is removed from the mold and goes through the sandblasting
process to clean the remaining sand.

Finally, roughcasting is completed. If it needs any further machining, then these rough castings will be taken other additional processes.

What is Advantage of furan resin sand casting?

Furan casting has unique advantages in comparison with other mold casting methods.
1. Firstly furan technique is excellent by producing castings with smooth surface and good appearance.
2. High precise and fewer defects.
3. The sand mold is dried under the temperature, so it saves time and labor for production.

What is limitations of furan resin sand casting?

Although maintaining excellent advantages, this method also remains some limitations.
1. Furan casting applies high technologies and advance lines into production so the manufacturing cost is expensive. Hence the price
per product is higher in comparison with other methods.
2. It has high requirement for the raw materials.
3. Another weakness of furan resin sand casting is that it cannot apply to produce steel casting due to its poor gas permeability.
4. It creates concerns about the environmental issues.
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GATING Q

SYSTEM
|

Open Riser Molten Metal

Flask

Parting Line

Pouring cup

Sprue
(Downsprue, downgate)

Sprue base

(Botton, well)
CASTING

Runner
(Crossgate)

N\

Gates
(Ingates)

Runner extension

1. Pouring basin or pouring cup

Pouring basin
The Pouring basin is the funnel-shaped inlet, located on top of the system, where
metal is poured from the ladles into the mold.

Pouring basin helps to regulate the flow rate of liquid metal and reduces
turbulence at the sprue entrance, and helps to separate sediment and slag before
entering the sprue.

2. Sprue

Sprue in gating system
Sprue casting is a vertical passageway from pouring basin down runner and gates.
Liquid metal going down the vertical sprue loses pressure but increases speed due
to the effect of gravity.

The sprue cross section can be circular, square or rectangular (preferably
circular). Sprue is designed to taper down to avoid air aspiration. Bigger end above
for metal pick-up, while smaller end connects to runner.

The foot of the sprue is rotated at a right angle to the runner to prevent free fall of
liquid metal, known as the sprue well.

3. Cross gate or runner

Runner in casting is a horizontal channel connecting the sprue well to the gates.
Liquid metal will flow from the sprue to the runner and fill the mold cavity
appropriately. Runner has the effect of slowing down the speed of liquid metal
when it is free falling in a high speed sprue.

Runner must be filled with molten metal to prevent slag from entering the cavity
and ensure steady flow.

4. Ingate (or gate)
Ingate is the end of the path and where the mold cavity begins. It leads the liquid
metal that flows from the runner into the mold cavity. Depending on the

characteristics of the casting, there are different number of ingates.

There are two types of gates: big gate and small gate. The small gate is used for
slowing solid casting, while the large gate is for fasting solid casting.

The gate should not have sharp edges as they can crack during pouring so that the
sand can be caught in the molten metal into the mold cavity.
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Gating systems are channels through which molten metal flows into the die cavity. The primary purpose is to ensure a smooth and
complete flow between the ladle and the cavity of the mold. It is important to have a well-designed gating system in order to achieve
perfect castings. Gating System Components A typical system includes the pouring basin, the sprue, the well, the runner, as well as the
ingate. It can be classified based on the position of the parting plane and the position of the ingate.

Pouring cup

Sprue
(Downsprue, downgate)

Sprue base

(Botton, well)
CASTING

Runner
(Crossgate)

Runner extension

(Ingates)
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Sand casting, or sand mold casting, is a popular method of producing non-ferrous alloy casts. Invented over 6,000 years ago, this
process has undergone a number of changes and modernizations over the years, but the basic principals have remained the same. From
small DIY operations to major commercial foundries, the technique has been replicated many times! One of the main differences

between variations of this process is the type of sand used.

What is Molding Sand?

1.Molding sand has three important advantages over other mold materials:
2.it Is inexpensive,
3.itis easily recycled, and

4.it can withstand extremely high temperatures.

In general, there are two types of sand: naturally bonded sand (beach sand) and synthetic sand (sand). Since the composition of synthetic
sand can be controlled very precisely, most foundries use this sand for molding.Provider

a) Aluminium sand castings, packaging best price in Rajkot
b) A mold box is filled with casting sand. (a)




(L 4uls) o ghan 5 (dal) rub dignbaule: ajhomganlag i o0 IS Hsha

RGN AT (Y Lol e 53 (g2l (Sl st o dalu ¢ gal & 54 )l aule 3 plailin oyl iyl ek aula

a) Compass & Anvil
Die Casting versus Sand Casting - Compass
& Anvil

b) IndiaMART
Sand Casting at best price in Chennai by
Aspaa Engineering Company () s 4la)

0) tloa L (s auka

d) sl s 4sla

(d)
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Green Sand Castings are castings made using wet sand or “green sand” molds. The sand is not green in color nor do the molds use
“greensand,” a greenish color sandstone. Instead the sand is called “green” because it has moisture in it (like green wood) before the
sand dries out when molten metal is poured in the mold.

What gives the sand moisture and helps the sand stick together when making molds is the clay that is mixed in the sand. Bentonite clay
and the sand mixed together provide strong molds that can be created on an automated assembly line.

The green sand for the casting molds usually has a mixture of:
Sand = 75-85%

Bentonite Clay = 5-11%

Water = 2-4%

Other materials = 3-5%

Silica in the sand can become airborne in the process of casting so American foundries install air control systems that pull the silica
particles and anything else out of the air to keep foundry workers safe.
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What is Carbon dioxide moulding process?

Carbon dioxide (CO2) moulding is a moulding process in which the carbon dioxide
gas is forced to pass over the sand mold containing 3% to 5% sodium silicate, which
ultimately produces the hardened mold due to reaction of sodium silicate with CO2.
The mould material is made up of pure dry silica sand (free from clay), 3 % to 5 %
sodium silicate and moisture content (less than 3 %). The entire CO2 moulding process

diagram is shown in the below image.

co, Ply board or
gos -'Q hardboard
| cover
: Rubber strip
FARY

A
Herdened foce

Hollow
pottern
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Starch may be added in the molding sand to improve its green compression strength. In
order to increase the collapsibility of the molding sand, a little amount of coal dust,
dextrin, sea coal, pitch, wood floor, graphite and sugar can be added to it. The mold
cavity is prepared by ramming the sand around the pattern by using the conventional
sand molding tools. Now, the carbon dioxide gas is forced all around the mold surface
for approximately 20 to 30 seconds. The CO2 gas is passed at the pressure of about 1.3
to 1.5 kg/cm2 using CO2 head or curtain or probe. In order to direct the carbon dioxide
gas in all directions, a special type of patterns are also used. The chemical reaction for

the carbon dioxide moulding process is mentioned below.

Na2Si03 + CO2 —> Na2CO03 + Si03.xH20 (Silica gel)
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Materials used in aircrafts engines
Reference : www.colorado.edu

Material distribution in a modern engine

*Ni-based Superalloys
~50% of the total weight
« Used in hot sections
Turbine blades, dises, vanes, combustion chamber, cte
~ High density of & ~ 9 glem’

*Titanium alloys

< Used in relatively cold sections
Fan, Compressor, etc

~ Low density of 3.5 ~
- Ti-6AI4V alloys
Form TiAl + Ti Al phases

45 glom!

*Composites

- Used in Fan case and blades

= Even lighter than Tmmum alloys

= Low high:

- (’:rbon Fiber Remfm:d Plastic composite (CFRP)

AT Nickel-baved alioy

Material Disiribution in CF6 (GE engine)

Additives and Cooling systems

T4, Ta: Solid solution strengthening of Ni; Al
Cr: Solud solution thening and

€1 combines with Cr, gives precipitistes in Ni
Co: lmp U and

Mo, W: solid solution strengihening of Ni
T, Ta: solid solution strengthening of Ni,Al
B: Improves gram boundary and suppresses cavity formation m creep
Hf: Improves ductility

and stabifity

¥: Improves oxidation resistance

@ Urnoruly of Cetorars
Boulder

Conling pusage

Titanium alloys

*Reasons
- Titanium alioys show higher specific strength than Nicke] atloys below 800 - 900 K
- Weight saving or
~ Heat resistance ¢ ¢
i o i atlow “y
« High comonion resistance
«  Low thormal expansion i"' '
wh
+Application 8
= Frame and joint "
«  Fan blade and disc A
Ti6AL4V alloys 1
= Low-pressure compressor blade i T
'I‘MAHVIloya Tarcwnse ()
High-pressure compressor blade Maseclel e,
MAI-IMQIVM! Ti-6A1-28n-4Zr-6Mo alloys, eto o ~
- Comprossor disc Thsesaam sy 2
Ti-6A1-2Sn-4Z0:2Mo-0.1Si alloys. Ti6AL2Sn4Ze 6Molloys | woaecwy s
L

Co-Ai-W allovs
*Co-ALW alloys
~= has the same structure with Ni-Al alloys
—+ Coy(ALW) phase can be stable over 1200K by adding Ta, T, ete.
—= higher strength and higher melting point by 50100 degC

Ni-Al alloys

“Ir-AL-W alloys

~+ has the same structure with Ni-Al alloys

~+ At 1000 degC, has twice Ni-Al alloys strength
~+ Ir has high melting point (2447 degC)

Siwmer u.,,.“«: 2001
Scvemcr 7. ¥

- long fatigue life
- and

. 312, No 5770, pp. 90-91

Turbine Blade

Co-based superalloys

\ 4

Nibased superalloys

“Why Ni-based superalloys?
= Niis much cheaper than Co
- high strength

at high

7 Ni matrix
“Micrestructure of Ni-based superalloys
Ni aod Ni3AI phases (both FCC structure)
-+ Close lattice parametens between two phases
«» Wide composition nange

7' < Ni,Al precipitation strengthening phasc

How to fabricate Ni-based superalloys

Casting Techniques to form single crystal

*Optical Floating Zone (OFZ) melting method
~+ Cannot foem big materials
~» Used usually for rescarch to make samples

“Bridgeman method
Slowly cooling 2 melted matenal so that the matenal can grow the single crystal only by using a
seed material

. ) - 25% ==> titanium alloy :
==> iron-based alloy ;
==> aluminium alloy :
==> composite ;

==> nickel - based alloy

$ - Frame and joint —> Ti-6Al-4V alloys
$ - Fan blade and disc —> Ti-6Al-4V alloys

$ - Low - pressure compressor blade —> Ti-6Al-4V alloys
$ - high - pressure compressor blade —> Ti-8Al-1Mo-1V alloys , Ti-6Al-2Sn-4Zr-6Mo

alloys , etc

$ - compressor disc —> Ti-6AI-2Sn-4Zr-2Mo-0.1Si alloys , Ti-6Al-2Sn-4Zr-6Mo alloys

Microstructure of Ni-based superalloys
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