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Abstract

Grey cast iron is very significant among iron alloys. Casting ability, strength,
machinability, vibration absorbing good ability, low cost and other features of finished
product make grey cast iron widely applied engineering material. Its character is
determined by the matrix structure (ferrite, ferrit-perlite, perlite, bainite, etc.) and
graphite form (plate, spheroidal, vermicular, flaked).

Some of the engineering problems were solved in the XX century, at the end
of which new engineering material — bainitic cast iron was created. This material
combines properties of steel and grey cast iron with spheroidal graphite. It was
called , XXI century material.“ It (ADI — Austempered Ductile Iron) can be produced
by ausforming of Ductule Iron (DI) or from bainitic cast iron (350C2H2IM; Our
350C2H2IM®T, 350C2H02H3IM®T). Of course, both cast irons are used. The first
one is cheap (350C2; 350C1I01, 350C2102) due to lack of alloying elements, but its
heat treatment in the bath is complicated and its working temperature is < 400 ° C.
The second alloy is expensive, but the desirable structure is obtained relatively ea-
sily, the working temperature (including recrystallization above A1) slightly affects
the structural stability and therefore, durability of the finished product.

Basis of the presented thesis work is the scientific hypothesis about ,silicon thre-
shold®, which fundamentally changes the notions of the processes (for example: graphi-
tization, welding-facing, flake formation, cold brittleness, obtaining high strength,
etc.). The same hypothesis makes it possible to develop new directions (for example:
~Hydrogen accumulating iron-based alloys®). Let's consider graphitization process.

The donor-acceptor theory partly explains graphitization process. After hyb-
ridization silicon with its 3S?P2-electrons better hinders the four unbalanced elec-
tron activity on iron 3df,, subshell than carbon with its hybridized

electrons2S-P*. For completing this process a large amount of silicon is needed.
According to Maurer’s structural diagram, when C=3,5%, even Si=2,0% is enough
for obtaining ferritic grey cast iron. With the same approach, aluminum with its
35 P electrons cannot fully hinder the four unbalanced electron activity on iron
idfii,:_.- subshell, but it is a good graphitizer.

According to the scientific hypothesis, it is basic to realize such approachment
of the iron atoms by compression (4;= 0,13A = a”*2,48A — a™* 2,35A) or expansion
(8.= 0,38A = a*'2,86A — a""2,484) to bond unbalanced spins by covalent forces
on 3df,,, subshell. Iron loses its allotropism and instead of L—8—y—f—« tran-

sformation L—3&ks is obtained when Si=2,3%, but in case of aluminum the same gro-
up is obtained, when Al=1,5%. In this regard Norbury’s hypothesis is actual: the mo-
re the difference between the atoms of alloying element and iron, the more the gra-
phitization process is accelerated.

The new approach due to the ,Silicon Threshold“ enforced the accurate stu-
dy of simultaneous action of the two elements (Si, Al). By substituting half of the re-
quired silicon amount with aluminum iron is preserved in passive state. In addition,
decrease of silicon amount by 1.3% is important with regard of the fracture mechanics,
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as iron plasticity is increased. To obtain the necessary strength (oy=600-800N/mm?,
0:=800-1000N/mm?) in both cases (ADI — 350C1101, 350C2K02; bainitic cast iron
350C2H2IM®T, 350C2102H3 IMOPT) is not difficult.

For heat treatment of DI we need to know: when the transition y)—oas of
carbon depleted area reaches its maximum and when the separation of carbides be-
gin in carbon-rich austenitic areas, if they will be maintained at room temperature
without yr—M transformation. Their presence at room temperature allows to in-
crease the structural strength of metal product using TRIP-effects (Transformati-
on-induced plasticity — y++Pr— ).

In the present work is mainly considered solution of the tasks for bainitic cast
irons. Data for bainitic steels obtained in the ,Material Properties Training-Scientific-
Research Center” are used for solving these tasks: qualitative and quantitative levels
of alloying, methods enabling to maintain carbon amount in the matrix basis (eg.:
heat-treatment between Ai-As), maintaining dosed ferrite constituent after heat-tre-
atment at the room temperature, working on the upper bainite, etc.

Much attention has been attached to the techniques and technological pro-
cesses of obtaining desired shape graphite inclusions. The best proof of this is the
original design of the ladles, which simplifies solving difficult tasks.

Reality of ,fullerene model® is proved by our experiments (by overheating of
desulphurized cast iron at 1550°C and fast cooling spheroidal graphite is obtained).
Manganese containing multi- and two-component copper-based ligatures (CuMg,
CuSiCaMg, Mg=10-12%) are developed and mastered in industry. Also SiCa, CaC2 and
other types of standard compounds (materials) were used during experiments.

The experiments were basically carried out in industry: at ,Rustavi Steel“-LTD
foundry workshop, central laboratory and on the reellers of unit ,,400“ at the pipe-
rolling plant. Melting was carried out in three and five ton electric arc furnaces
(400kg induction furnace was also used in the workshop). According to the disser-
tation topic 28,05 ton bainitic cast iron was melted and 247 of various sizes
mandrels of reeller were cast. The mandrels successfully completed production
testings. From the developed alloys 350C2H2/IM®T bainitic cast iron composition
was given to industry. Others are being tested.
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