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Abstract

This communication gives a short overview about the latest research findings in the field of peritectic solidification pattern formation by using
transparent organic components as model substances. These materials solidify metal-like and thus enable in-situ observations of the solidification
dynamics with a simple transmitted-light microscope. Peritectic solidification pattern are strongly affected by thermo-solutal convection. Hence,
experiments were carried out to analyze the effect convection does have on the formation of, in particular, layered peritectic solidification structures. In
future, ug experiments aboard the International Space Station (ISS) are foreseen where natural convection is omitted.
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Introduction

Peritectic alloys are widely used and have high economic
importance. Examples of this class of material are steels, aluminum
and copper alloys, rare earth magnets and composites. As the
material properties are directly related to their solidification
microstructures, a deeper understanding of the peritectic growth
process is critical for getting an optimized quality of these alloys.

A peritectic reaction is the transformation of a liquid and an
already existing primary solid phase a to a second solid peritectic
phase B(L +a—f). In the case where both solid phases occur in a
dendritic manner the second phase solidifies directly from the
liquid as well as by transforming from the primary solid phase.
Under condition where the solidification morphology for one or
both phases is planar, a peritectic alloy shows a variety of complex
microstructures like isothermal peritectic coupled growth (IPCG),
cellular peritectic coupled growth, discrete bands, island bands, or
oscillatory tree-like structures.

The theory and the conditions for possible band formations
in peritectic systems without convection are described by Trivedi
[1]. Since the formation of these solidification microstructures
is sensitive to convection (which is nearly always present under
gravity conditions) the observed solidification behavior is not well
understood. To deepen the understanding of the formation of such
complex peritectic structures the authors observed the dynamic
of layered structure formation by using organic components [2-7]

instead of metals [8-27]. Experiments were carried out by affected
knowingly the freedom of convection during the solidification.
Additionally, comparative experiments are going on to be carried
out under pg conditions aboard the International Space Station
(ISS). By doing this, the influence of the natural convection on this
particular peritectic solidification structures can be determined.

Research Method

Till today, only few organic systems were found that are suitable
for the use as peritectic model system. It requires an appropriate
concentration and temperature range for the peritectic region and
both solid phases must show a non-facetted high temperature
phase. The selected transparent organic model system TRIS (Tris-
hydroxymenthyl-aminomethane)-NPG  (Neopentylglycol)
analyzed by Barrio et al. [28]. It shows a peritectic region within the
range of 0.47 to 0.54w% at the peritectic temperature of 410.7K.

was

To affect the freedom of convections, peritectic concentrations
were filled in rectangular glass tube samples, either with an inner
width of 100um (near 2D) or of 600um (more 3D). To control
the process conditions, the samples are pulled through a self-
constructed micro Bridgman-furnace. This enables to specified
and adjusted the temperature gradient and the solidification rate.
The microscope was equipped with a CCD camera which allows
taking and store time lapsed movies for a later evaluation of the
experiments. The dark spots in both images and also the noticeable

Volume 4 - Issue - 1

Copyright © All rights are reserved by JP Mogeritsch.

‘ 351


http://crimsonpublishers.com/rdms/index.php
http://crimsonpublishers.com/rdms/index.php
http://crimsonpublishers.com/index.php

Res Dev Material Sci

Copyright © JP Mogeritsch

structure in the upper left area of the left image are contaminants
on the outer glass surface. The gray lines represent the interface
between the solid phases and the liquid, respectively.

Results and Discussions

An example of the result of our investigations can be seen in
Figure 1. Both pictures show an isothermal peritectic coupled
growth (IPCG) structure. The interface between solid and liquid can
be recognized by the lateral horizontal dark gray line. The interface
between the two solid phases (primary o phase and the peritectic

B phase) appear in various dark grey tones depending on the
depth within the sample. The growth morphologies of the IPCG are
significant different in shape and growth dynamic. In 2D samples
were the lamella spacing is in the same order of magnitude than
the width of the sample, 3D growth features are almost suppressed.
Therefore, the lamellae grow very straight in the vertical direction.
In contrast, within a 3D samples, where the lamella spacing is
less than the width of the sample, three-dimensional competition
growth in lateral and transversal directions leads to partial bands
and tulip-like oscillating lamellae.
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with an inner width of 600pm (b). The difference is obvious.

Figure 1: Isothermal peritectic coupled growth observed by using a glass sample with an inner width of 100pm (a) and one

Conclusion

For the first time, the formation of layered peritectic structures
has been observed in real time by using model substances.
The results show how the development of the microstructure
is influenced by the competition between growth and existing
convection. The future investigations under pg conditions aboard
the ISS (and thus with absents of natural convection) will further
deepen our understanding of the impact convection might have on
the formation of peritectic layered structures.

Acknowledgement

This research has been supported by the Austrian Research
promotion Agency (FFG) in the frame of the METTRANS project and
by the European Space Agency (ESA) in the frame of the METCOMP
project.

References

1. Trivedi R (1995) Theory of layered-structure formation in peritectic
systems. Metall Mater Trans 26(6): 1583-1590.

2. Ludwig A, Mogeritsch ] (2011) In-situ observation of coupled peritectic
growth. In: Solidif Sci Technol Proc John Hunt Int Symp, pp. 233-242.

3. Mogeritsch J, Ludwig A (2011) In-situ observation of coupled growth
morphologies in organic peritectics. [OP Conf Ser Mater Sci Eng 7: 12028.

4. Mogeritsch ], Ludwig A (2012) Microstructure formation in the two
phase region of the binary peritectic organic system TRIS-NPG. In:
TMS Annual Meeting Symposium, Materials Res Microgravity, Orlando,
Florida, USA, pp. 48-56.

5. Ludwig A, Mogeritsch ] (2014) Recurring instability of cellular growth
in a near peritectic transparent NPG-TRIS alloy system. Mater Sci Forum,
pp. 317-322.

6. Mogeritsch ], Ludwig A (2015) In-situ observation of the dynamic of
peritectic coupled growth using the binary organic system TRIS-NPG.
I0P Conf Ser Mater Sci Eng 84: 12055.

7. Ludwig A, Mogeritsch ] (2016) Compact seaweed growth of peritectic
phase on confined, flat pro-peritectic dendrites. Journal of Crystal
Growth 455: 99-104.

8. Titchener AP, Spittle JA (1975) The microstructures of directionally
solidified alloys that undergo a peritectic transformation. Acta Mater
23(4): 497-502.

9. Busse P, Meissen F (1997) Coupled growth of the properitectic a-and the
peritectic y-phases in binary titanium aluminides. Scr Mater 37: 653-
658.

10. Lee JH, Verhoeven JD (1994) Peritectic formation in the Ni-Al system. ]
Cryst Growth 144(3-4): 353-366.

11. Vandyoussefi M, Kerr HW, Kurz W (1997) Directional solidification and
§/y solid state transformation in Fe 3% Ni alloy. Acta Mater 45(10):
4093-4105.

12.LiY,NgSC, Jones H (1998) Observation of lamellar eutectic-like structure
in a Zn-rich Zn-3.37wt% Cu peritectic alloy processed by Bridgman
solidification. Scr Mater 39n: 7-11.

13.Ma D, Li Y, Ng SC, Jones H (2000) Unidirectional solidification of Zn-
rich Zn-Cu peritectic alloys-II. Microstructural length scales. Acta Mater
48(8): 1741-1751.

14. Vandyoussefi M, Kerr HW, Kurz W (2000) Two-phase growth in peritectic
Fe-Ni alloys. Acta Mater 48(9): 2297-2306.

15.Ma D, LiY, Ng SC, Jones H (2000) Unidirectional solidification of Zn-rich
Zn-Cu peritectic alloys-I Microstructure selection. Acta Mater 48(2):
419-431.

16.Sumida M (2003) Evolution of two phase microstructure in peritectic
Fe-Ni alloy. ] Alloy Compd 349(1-2): 302-310.

Volume 4 - Issue - 1

How to cite this article: JP Mogeritsch, A Ludwig. Investigation on Peritectic Layered Structures by Using the Binary Organic Components TRIS-NPG as
Model Substances for Metal-Like Solidification. Res Dev Material Sci. 4(1). RDMS.000580.2018. DOI: 10.31031/RDMS.2018.04.000580

352


http://dx.doi.org/10.31031/RDMS.2018.04.000580
https://link.springer.com/article/10.1007/BF02647608
https://link.springer.com/article/10.1007/BF02647608
https://www.scientific.net/MSF.790-791.317
https://www.scientific.net/MSF.790-791.317
https://www.scientific.net/MSF.790-791.317
https://www.sciencedirect.com/science/article/pii/S0022024816305486?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022024816305486?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022024816305486?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0001616075900899
https://www.sciencedirect.com/science/article/pii/0001616075900899
https://www.sciencedirect.com/science/article/pii/0001616075900899
https://www.sciencedirect.com/science/article/pii/0022024894904774
https://www.sciencedirect.com/science/article/pii/0022024894904774
https://www.sciencedirect.com/science/article/pii/S1359645497000864
https://www.sciencedirect.com/science/article/pii/S1359645497000864
https://www.sciencedirect.com/science/article/pii/S1359645497000864
https://www.sciencedirect.com/science/article/pii/S1359645400000033
https://www.sciencedirect.com/science/article/pii/S1359645400000033
https://www.sciencedirect.com/science/article/pii/S1359645400000033
https://www.sciencedirect.com/science/article/pii/S1359645400000343
https://www.sciencedirect.com/science/article/pii/S1359645400000343
https://www.sciencedirect.com/science/article/pii/S1359645499003651
https://www.sciencedirect.com/science/article/pii/S1359645499003651
https://www.sciencedirect.com/science/article/pii/S1359645499003651
https://www.sciencedirect.com/science/article/pii/S0925838802009003
https://www.sciencedirect.com/science/article/pii/S0925838802009003

Res Dev Material Sci

Copyright © JP Mogeritsch

17.Lo TS, Dobler S, Plapp M, Karma A, Kurz W (2003) Two-phase
microstructure selection in peritectic solidification: from island banding
to coupled growth. Acta Mater 51(3): 599-611.

18.Dobler S, Lo TS, Plapp M, Karma A, Kurz W (2004) Peritectic coupled
growth. Acta Mater 52(9): 2795-2808.

19.Su YQ, Liu C, Li XZ, Guo JJ, Li BS, et al. (2005) Microstructure selection
during the directionally peritectic solidification of Ti-Al binary system.
Intermetallics 13(3-4): 267-274.

20.Su YQ, Luo LS, Li XZ, Guo JJ, Yang HM, Fu HZ (2006) Well-aligned in-situ
composites in directionally solidified Fe-Ni peritectic system. Appl Phys
Lett 89: 2319181-2319183.

21.Luo LS, Su YQ, Guo J], Li XZ, Fu HZ (2007) A simple model for lamellar
peritectic coupled growth with peritectic reaction. Sci China Phys Mech
Astron 50: 442-450.

22.Hu XW, Li SM, Liu L, Fu HZ (2008) Microstructures evolution of
directionally solidified Sn-16%Sb hyperperitectic alloy. China Foundry
5:167-171.

@ ® Creative Commons Attribution 4.0
BY International License

For possible submissions Click Here

Submit Article

23.Luo W, Shen ], Min Z, Fu H (2008) Lamellar orientation control of TiAl
alloys under high temperature gradient with a Ti-43Al-3Si seed. ] Cryst
Growth 310(24): 5441-5446.

24.Luo LS, Su YQ, Guo J], Li XZ, Li SM, et al. (2008) Peritectic reaction and
its influences on the microstructures evolution during directional
solidification of Fe-Ni alloys. ] Alloy Compd 461(1-2): 121-127.

25.Luo LS, SuYQ, Li XZ, GuoJJ, Yang HM, et al. (2008) Producing well aligned
in situ composites in peritectic systems by directional solidification.
Appl Phys Lett 92: 61903.

26.ZhongH, LiSM, LiiHY, Liu L, Zou GR, et al. (2008) Microstructure evolution
of peritectic Nd14Fe79B7 alloy during directional solidification. ] Cryst
Growth 310(14): 3366-3371.

27.Feng ZR, Shen ], Min ZX, Wang LS, Fu HZ (2010) Two phases separate
growth in directionally solidified Fe-4.2Ni alloy. Mater Lett 64(16):
1813-1815.

28.Barrio M, Lopez DO, Tamarit JL, Negrier P, Haget Y] (1995) Degree of
miscibility between non-isomorphous plastic phases: binary system
NPG-TRIS. Mater Chem 5(3): 431-439.

Your subsequent submission with Crimson Publishers
will attain the below benefits

e High-level peer review and editorial services

e Freely accessible online immediately upon publication

e Authors retain the copyright to their work

e Licensing it under a Creative Commons license

e Visibility through different online platforms

e Global attainment for your research

e Article availability in different formats (Pdf, E-pub, Full Text)
e Endless customer service

e Reasonable Membership services

e Reprints availability upon request

e One step article tracking system

Volume 4 - Issue - 1

How to cite this article: JP Mogeritsch, A Ludwig. Investigation on Peritectic Layered Structures by Using the Binary Organic Components TRIS-NPG as
Model Substances for Metal-Like Solidification. Res Dev Material Sci. 4(1). RDMS.000580.2018. DOI: 10.31031/RDMS.2018.04.000580

353


http://dx.doi.org/10.31031/RDMS.2018.04.000580
https://www.sciencedirect.com/science/article/pii/S1359645402004408
https://www.sciencedirect.com/science/article/pii/S1359645402004408
https://www.sciencedirect.com/science/article/pii/S1359645402004408
https://www.sciencedirect.com/science/article/pii/S1359645404001156
https://www.sciencedirect.com/science/article/pii/S1359645404001156
https://www.sciencedirect.com/science/article/pii/S0966979504002213
https://www.sciencedirect.com/science/article/pii/S0966979504002213
https://www.sciencedirect.com/science/article/pii/S0966979504002213
http://aip.scitation.org/doi/abs/10.1063/1.2402236
http://aip.scitation.org/doi/abs/10.1063/1.2402236
http://aip.scitation.org/doi/abs/10.1063/1.2402236
https://link.springer.com/content/pdf/10.1007/s11433-007-0042-x.pdf
https://link.springer.com/content/pdf/10.1007/s11433-007-0042-x.pdf
https://link.springer.com/content/pdf/10.1007/s11433-007-0042-x.pdf
http://www.foundryworld.com/uploadfile/20094132334407.pdf
http://www.foundryworld.com/uploadfile/20094132334407.pdf
http://www.foundryworld.com/uploadfile/20094132334407.pdf
https://www.sciencedirect.com/science/article/pii/S002202480801004X
https://www.sciencedirect.com/science/article/pii/S002202480801004X
https://www.sciencedirect.com/science/article/pii/S002202480801004X
https://www.infona.pl/resource/bwmeta1.element.elsevier-c6582bac-5523-3b63-b6ab-f2c70d9c649b
https://www.infona.pl/resource/bwmeta1.element.elsevier-c6582bac-5523-3b63-b6ab-f2c70d9c649b
https://www.infona.pl/resource/bwmeta1.element.elsevier-c6582bac-5523-3b63-b6ab-f2c70d9c649b
http://aip.scitation.org/doi/abs/10.1063/1.2841639
http://aip.scitation.org/doi/abs/10.1063/1.2841639
http://aip.scitation.org/doi/abs/10.1063/1.2841639
https://www.infona.pl/resource/bwmeta1.element.elsevier-4b2b08f2-b6cc-3021-89c4-9a48f2302656
https://www.infona.pl/resource/bwmeta1.element.elsevier-4b2b08f2-b6cc-3021-89c4-9a48f2302656
https://www.infona.pl/resource/bwmeta1.element.elsevier-4b2b08f2-b6cc-3021-89c4-9a48f2302656
https://www.sciencedirect.com/science/article/pii/S0167577X10004246
https://www.sciencedirect.com/science/article/pii/S0167577X10004246
https://www.sciencedirect.com/science/article/pii/S0167577X10004246
http://crimsonpublishers.com/online-submission.php

	Abstract
	Introduction
	References
	OLE_LINK20
	OLE_LINK21
	_GoBack

