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ABSTRACT

Precipitation hardening ferritic pearlitic (PHFP) steels form a group of alloy steels containing

0.2 - 0.9 wt % carbon apart from the addition of either of carbide forming elements such as
Cr, Mo, Ti, V, and Nb. In the recent past, the PHFP steels were primarily investigated as a
forging grade automotive material towards the attainment of better mechanical properties than
quenched and tempered (Q&T) steels. These required properties are achieved directly by
controlled cooling after hot forging, which eliminates the additional heat treatment steps
involving a hardening, tempering and stress relieving cycle, thereby saving production time,
capacities and lowering the manufacturing cost to 90% vis-a-vis quenched and tempered
steels. The medium carbon PHFP steels so developed mainly finds application in the
automotive components like crankshaft, diesel engine connecting rod, gear wheel, pinion
shaft and rotating parts of trucks. They also find applications in aerospace structural
components like the undercarriage system and load-bearing members substituting Q&T steels.
The obvious cause being their cost effective production and achievement of a ferrite - pearlite
microstructure imparting good strength as well as toughness. We selected the PHFP steels for
this study with an aim to enhance the bandwidth of their applications by way of achieving
other phases/phase mixtures in this steel by incorporating a suitable thermomechanical
processing (TMP) treatment. The focus of our research work was primarily on microstructure,

simulation and mechanical properties of medium carbon PHFP steels of type 34CrMod4,

42CrMo4 and 50CrMo4.

In the first part, all three medium carbon steels were preheated at 1100 °C, held there for 60
min and forged horizontally at 1050 °C for e = 0.2 to 0.6, followed by a furnace-, natural air-
and forced air- cooling. The optical microscopy and scanning electron microscopy (SEM)
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results revealed the initial ferrite - pearlite microstructure transformation into nearly equiaxed
and coarse grained ferrite - pearlite microstructure on furnace cooling and further into fine
ferrite - bainite microstructure after natural and forced air cooling respectively. For all strain
conditions (e = 0.0 to e = 0.6), fine ferrite along with distorted fine colonies of bainite being
formed with an increase in both strain and cooling rate. For 34CrMo4 steels, the highest
toughness of 54 J was observed for e = 0.4 with furnace cooling, whereas, for 42CrMo4 and
50CrMo4 steel, a higher value of toughness (24.8 J and 18 J respectively) was noted for e =
0.2 with furnace cooling. These toughness values were almost 10%, 75% and 2.3 times more
than as-received samples of the respective grades. The maximum YS and UTS achieved was,
YS =700 and UTS = 790 MPa for 34CrMo4 steel, YS = 979 and UTS = 1147 MPa for
42CrMo4 steel and YS = 1240 and UTS = 1395 MPa for 50CrMo4 steels at e = 0.6 with
forced air cooling. These properties were almost two to three times better than as-received
samples. The wear behavior of only continuous cooled 34CrMo4 steels was studied using a 60
— 100N load and a sliding distance of 3000 m. Both calculated wear rate and wear track SEM
images demonstrated a decrease in wear rate with an increase of both strain and cooling rate,

thereby meaning that forced air cooling treatment enhanced the wear performance of

34CrMo4 steel samples.

In the second part, as received and annealed 42CrMo4 round steel bar was subjected to
similar forging conditions, but now held isothermally for 45 minutes in a salt bath at four
different temperatures (350 °C - 650 °C) followed by air cooling. Here, the optical microscopy
performed along with SEM and simulation results using forge NxT 3.0 est disponible
simulation softwarelrevealed a transformation from initial ferrite - pearlite microstructure to a

ferrite - bainite microstructure for lower holding temperatures, revealing different
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morphologies of these phases/phase mixtures, apart from a monotonic reduction in
phase/phase mixtures, grain and carbides precipitate size. A simple 2-step TMP treatment
demonstrated an improvement in UTS by 20% and elongation by 10% vis-a-vis same grade
conventional hardened and tempered steels involving a large number of manufacturing steps.

YS and impact toughness recorded a significant improvement by almost 82% and 70% vis-a-

vis as received annealed samples.
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ABSTRACT

Lithium Disilicate Glass Ceramic is primarily used for dental applications. The SiO--
Li20-A1203-Zr0,-P20s based dental glass ceramic with additives were synthesized by glass
ceramic route. SiO, & Li2O were the main components of the system. The additives
comprised of P2Os as nucleating agent, CeO as glass coloring oxide, ZrO; as coloring body,
La;03 and AlOs both used to avoid reaction with the investment material. The other
additives used were K20 to lower the viscosity and reduce the processing temperature) &
MgO for better pressing ability. The route comprised of milling, glass melting and followed
by quenching to get glass frit, regrinding of frit to form fine powder of size ~2um and
compaction. The pellets so formed were subsequently annealed at 500°C/1hr followed by
first heating at 530°C and second heating at 720°C-920°C/ 2 hours. Density ranged from
2.34-2.43 g/cc. Characterization for XRD revealed Li-Metasilicate glass formation after first
heating and Li-Disilicate glass ceramic formed during second heating. SEM of Li-
Metasilicate revealed the microstructure comprising of small spherical crystals, whereas Li-
Disilicate showed needle / plate like crystals of length 1um-4pm. Wear rate ranged from
0.0101 - 0.01467 mm>*m for SN & 0.01274 — 0.02113 mm3/m for 25N. Microhardness

ranged from 380 — 470 HV & the pellets passed the standard chemical solubility test with
the values ranging from 130 — 250 pg/cm?.

KEYWORDS: - Glass Ceramics, Lithium Disilicate, Lithium Metasilicate, Heat Treatment,

Microstructure, Wear Rate
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