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Abstract

The temperature and enthalpy of transformations of organic alloys from the binary systems neopentylglycol-succinonitrile
(NPG-SCN) and 2-amino-2-methyl-1,3-propanediol-succinonitrile (AMPD-SCN) were measured by means of differential scanning
calorimetry (DSC). The phase diagrams of these binary systems were assessed via the CALPHAD approach using Thermo-Calc by
simultaneously optimizing the thermodynamic and phase equilibrium data measured in the present work. Proper agreements
between the experimental and calculated data for the phase diagrams as well as for the thermochemical properties were achieved.
Experiments and calculations show that both the NPG-SCN and the AMPD-SCN systems exhibit a non-variant eutectic reaction
with the eutectic point at 90.45 mol% SCN (318.0 K) and at 97.39 mol% SCN (325.7 K), respectively. In the NPG-SCN system the
temperature of the eutectic reaction is about 3 K higher than the temperature of the transformation from the ordered crystals (OCs)
to the orientationally disordered crystals (ODICs), whereas the eutectic reaction in the AMPD-SCN involves the OCs of AMPD
and the ODICs of SCN.

Unidirectional solidification experiments were performed with selected NPG-SCN and AMPD-SCN alloys in order to verify
phases involved in solid-liquid equilibria and the nature of eutectic growth in these systems. We find that eutectic growth in
NPG-SCN eutectic alloy occurs with both solid phases being non-facetted and with a rod-like eutectic structure. The eutectic as
well as some hypo-eutectic alloys from the AMPD-SCN system show irregular eutectic growth with a non-facetted BCC_A2 phase
of SCN and a facetted monoclinic phase of AMPD.
© 2004 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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1. Introduction tional solidification experiments of the eutectic alloys
in the binary systems succinonitrile (SCN) '-(D)cam-
In the previous parts of our work addressing the ther- phor (DC) ? [1], neopentylglycol (NPG) *~amino-me-

modynamic description of binary organic alloy systems thyl-propanediol (AMPD) * [2], NPG-DC [3] and
we published experimental measurements, the CALP-
HAD description of the phase equilibria and unidirec- U Butanedinitrile, CAS No. [110-61-2].

2 (1R)-1,7,7-Trimethylbicyclo[2,2,1]heptan-2-one, CAS No. [464-

49-3].
* Corresponding author. Tel.: +49 241 8098007; fax: +49 241 38578. ? 2,2-Dimethyl-1,3-propanediol, CAS No. [126-30-7].
E-mail address: victor@access.rwth-aachen.de (V.T. Witusiewicz). 4 2-Amino-2-methyl-1,3-propanediol, CAS No. [115-69-5].

1359-6454/$30.00 © 2004 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.actamat.2004.09.014
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Table 1

DSC data on temperature and enthalpy of transformations of NPG-SCN alloys

SCN (mole fraction) Transformation temperatures (K)

Enthalpy of transformation (J mol™")

OCs/ODICs Solidus Liquidus OCs/ODICs Melting Eutectic Primary phase
0.000 314.5 [8] - 403.3 [7] 12,520 [7] 4440 [7] - 4440 [7]
0.000 315.0 [2] - 403.2 [2] 12,061 [2] 4431 [2] - 4431 2]
0.039 3159 317.3 399.8 12,106 4287 136 4151
0.146 316.1 320.3 381.5 10,811 4613 801 3811
0.254 315.8 317.9 368.8 9559 4829 1397 3432
0.294 314.1 316.6 364.9 8832 4696 1099 3597
0.313 314.2 319.0 366.1 8961 4448 1470 2978
0.418 313.5 318.0 361.3 7182 4667 1773 2894
0.418 313.5 318.2 361.3 7380 4755 1817 2938
0.499 3134 318.8 359.7 6661 4964 2334 2630
0.503 314.3 316.9 356.0 5789 4819 2443 2376
0.560 313.9 317.3 353.3 5250 4688 2629 2058
0.607 3144 318.5 353.7 4596 4810 2938 1872
0.665 3159 3184 352.6 3844 4725 3064 1661
0.699 314.3 317.2 347.9 3947 4766 3466 1301
0.713 315.6 317.8 347.0 3623 4531 3395 1136
0.754 314.1 316.9 340.9 3260 4888 3598 1290
0.817 314.1 317.7 338.5 2171 4666 3993 673
0.857 315.0 317.9 332.6 1870 4660 4133 527
0.898 314.6 318.5 321.0 1287 4611 4207 405
0.898 3144 318.3 319.9 1077 4576 4282 294
0.899 313.9 317.3 320.4 1210 4270 4270 0
0.900 315.9 318.1 321.8 1207 4279 4265 14
0.905 312.7 317.1 317.1 1008 4658 4658 0
0.906 315.1 317.6 317.6 998 4515 4308 0
0.913 3129 317.3 320.7 778 4230 4045 186
0.946 314.7 318.2 3242 668 4302 3013 1289
0.949 314.0 3174 3254 303 3903 2536 1366
0.963 313.3 316.7 3264 244 3937 1484 2454
0.974 314.0 318.3 3294 296 4396 1086 3013
1.000 - - 331.7 - 3693 - 3693
1.000 - - 331.3 [1] - 3610 [1] - 3610 [1]
1.000 233.1 [5] - 331.23 [6] - 3703 [5] - 3703 [5]

AMPD-DC [3]. All these investigations aimed to
achieve a thermodynamic description of the quaternary
organic alloy system AMPD-NPG-DC-SCN [4] in-
tended to be used for in situ observation and numerical
modelling of multicomponent eutectic growth in univar-
iant and non-variant reactions.

The present work addresses investigations by means
of experiments and computational thermodynamics
with the last two constituent binary systems of the above
named quaternary system, namely NPG-SCN and
AMPD-SCN. To our best knowledge, for both systems
no phase diagram and thermochemical data have been
reported in literature.

In the present paper the NPG-SCN and AMPD-SCN
phase diagrams, the enthalpy of transformation from the
ordered crystals (OCs) to the orientationally disordered
crystals (ODICs) and the enthalpy of fusion of different
alloys were determined by differential scanning calorime-
try (DSC). The obtained thermodynamic and phase equil-
ibria data for both systems were consistently described via
the CALPHAD approach. The model parameters have
been evaluated using a computer optimisation technique

based on the descriptions of the Gibbs energy of all indi-
vidual phases of the pure AMPD, NPG and SCN sub-
stances proposed in the previous parts of the work [1,2].
Moreover, selected alloys of the NPG-SCN and
AMPD-SCN systems were investigated by unidirectional
solidification using the Bridgman technique in order to
verify phases involved in solid-liquid equilibria and the
nature of eutectic growth in these systems.

The purification and characterisation of pure sub-
stances, the procedures for preparation and alloying of
the samples, the DSC and unidirectional solidification
techniques and measuring procedures were the same as
previously described in [1,4].

2. Results
2.1. DSC-measurements
Tables 1 and 2 summarise the results of the DSC

measurements for different alloys of the NPG-SCN
and the AMPD-SCN systems, respectively. The tables
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Table 2

DSC data on temperature and enthalpy of transformations of AMPD-SCN alloys

SCN (mole fraction) Transformation temperatures (K)

Enthalpy of transformation (J mol™")

Solidus OCs/ODICs Liquidus Melting + OCs/ODICs Eutectic Primary phase
0.000 - 352.89 [9] 384.1 [9] 26,280 [9] - 2780 [9]
0.000 - 352.9 [2] 383.5[2] 26,525 2] - 2745 [2]
0.036 334.0 352.9 372.5 23,071 0 23,071
0.043 332.1 355.1 372.7 23,314 0 23,314
0.083 325.7 357.7 362.5 21,527 417 21,110
0.088 323.7 - 368.3 21,742 239 21,503
0.126 3224 351.9 357.0 21,377 443 20,934
0.166 3233 - 3554 19,758 517 19,241
0.181 3213 3533 357.0 19,680 341 19,339
0.224 324.5 - 355.2 20,119 998 19,121
0.242 325.6 - 354.1 19,410 - -
0.256 327.9 - 353.3 18,949 693 18,256
0.265 325.0 - 3534 19,003 881 18,122
0.304 327.3 - 352.8 17,226 1040 16,186
0.337 324.0 - 353.7 17,992 1026 16,966
0.397 325.1 - 352.0 15,686 1113 14,573
0.414 324.8 - 354.7 16,671 1545 15,126
0.449 323.8 - 351.5 16,008 1895 14,113
0.460 324.6 - 352.1 14,896 2075 12,821
0.503 324.5 - 352.0 13,978 1801 12,177
0.515 326.7 - 3524 13,528 2051 11,477
0.569 324.6 - 3514 12,237 2226 10,011
0.570 326.1 - 350.9 13,039. 2030 11,009
0.593 326.9 - 351.5 13,534 2430 11,104
0.597 324.8 - 352.7 12,514 2966 9548
0.607 3239 - 352.0 11,894 2743 9151
0.664 325.6 - 3514 10,764 2806 7958
0.693 321.7 - 350.3 11,003 3046 7957
0.698 326.0 - 350.6 11,884 3812 8072
0.731 3254 - 350.8 9847 2894 6953
0.753 325.6 - 349.9 9722 3494 6228
0.754 3252 - 350.9 9652 2881 6771
0.797 325.7 - 350.6 8800 3652 5148
0.832 326.5 - 347.9 7563 3554 4009
0.840 3244 - 349.6 6999 3532 3467
0.852 3233 - 347.9 7994 3622 4372
0.896 326.2 - 347.5 6483 3912 2571
0.920 325.8 - 347.5 6037 3768 2269
0.922 326.3 - 345.5 5419 4294 1125
0.938 326.3 - 342.2 5136 3961 1175
0.961 324.8 - 336.2 5666 4502 1164
0.961 3252 - 336.8 4361 3956 405
0.967 326.3 - 333.0 4072 3820 252
0.985 325.0 - 327.3 3799 2986 813
0.989 324.0 - 326.0 3618 307 3311
1.000 - - 331.7 3693 - 3693
1.000 - - 331.3[1] 3610 [1] - 3610 [1]
1.000 - 233.15 [5] 331.23 [6] 3703 [5] - 3703 [5]

give the temperatures of the OCs/ODICs phase transi-
tions, the solidus and liquidus temperatures and the val-
ues of the enthalpy of phase transitions. The values for
pure substances available in literature [1,2,5-9] are given
as well for comparison with the data obtained in the pre-
sent work. To better separate the contributions of the
OCs/ODICs phase transformation, the eutectic reaction
and the melting/solidification of the primary phase to
the enthalpy of transformation in NPG-SCN alloys,

the DSC cooling curves with a scanning rate of 3 K
min ! were used in addition to the DSC heating curves.
Peaks on the cooling curve relating to these transitions
in NPG-SCN alloys separate well due to deep under-
cooling of the eutectic and the kinetic suppression of
the OCs/ODICs transformation. For the case of
AMPD-SCN alloys it was impossible to correctly sepa-
rate the enthalpy of transformation related to the
monoclinic/BCC_A2 transformation from the enthalpy
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of melting, because the peaks related to these transitions
strongly overlap.

2.2. Thermodynamic modelling

2.2.1. Pure substances

The descriptions of the Gibbs energy of the pure sub-
stances AMPD, NPG and SCN in the form GHSFR [10]
were published in our previous work [1,2].

2.2.2. Solution phases

All phases of the binary NPG-SCN and AMPD-
SCN alloy systems are modelled as substitutional solu-
tions. No new phases, other than those pertaining to
the pure substances were found in these binary
systems.

The lattice stability and the thermodynamic param-
eters for all individual phases were found by means
of thermodynamic optimisation utilizing all data
regarding phase equilibria and thermochemical prop-
erties measured by DSC. Note, that the monoclinic
phase which is present in each pure substance was
modelled by one set of parameters creating appropri-
ate composition sets. The optimisation was carried
out using the PARROT module of the Thermo-Calc

Table 3
Summary of the thermodynamic parameters of the solution phases of
the NPG-SCN and AMPD-SCN systems (in J mol™")

Phase Parameter
NPG-SCN system
Liquid VLN son = 473543787 T

VLRl son = —3499 +9.915 T
2L son =4976 — 12273 T

FCC_Al OGESE™ — H3ER = 1720 + GHSER
LG Ay = 9030

BCC_A2 DGRCA = 550 0GHEA o)
CLYpGsen = 12,241

Monoclinic 0L MONOCL- — 7900

NPG-III OGNEG-IL _ fSER — 3300 + GHSER

L\pGSCN = 7700
AMPD-SCN system
iqui LIQ.
Liquid OLAI\%)D.SCN =31114+9.807 T
LIQ.
ILAI\%PD,SCN =—1530+3945T
LIQ.
NG =5497 — 11114 T

software [11]. BCC_A2 OLRSEhsen = 7545 +23.656 T
17BCC A2 _ 4939
2.2.3. Optimisation results and discussion AMPDSEN
The evaluated thermodynamic parameters for the Monoclinic OLMONOCL. — 19,508 — 38.461 T

NPG-SCN and AMPD-SCN systems are listed in '

Table 3 and all nonvariant reactions found are summa- AMPD-II GeoN P! — HEER = 1500 + GHgey

rised in Table 4. The calculated phase diagrams for the OLAMPDIL 15,800

NPG-SCN and the AMPD-SCN systems according to '

Table 4

Nonvariant reactions in NPG-SCN and AMPD-SCN systems

Reaction between phases Type T (K) Phase composition, xscn Rem.

Grldal b3 $ ¢ 3

NPG-SCN system

Liquid & FCC_A1 + BCC_A2 Eutectic 317.8 £0.8 0.90 £ 0.01 0.01 £0.01 0.99 £0.01 Exp.
318.0 0.905 0.019 0.992 Calc.

FCC_A1 < Monocl.#1 + BCC_A2 Eutectoid 3144 £0.9 0.02 £ 0.01 0.02 £ 0.01 0.99 +0.01 Exp.
314.8 0.019 0.025 0.992 Calc.

BCC_A2 + Monocl.#1 <> Monocl.#2 Peritectoid 234.6 1.000 0.020 0.980 Calc.

Monocl.#1 < NPG-II1 Allotropic 60.4 0.000 0.000 - Calc.

AMPD-SCN system

Liquid + BCC_A2 < Monocl.#1 Peritectic 3542+23 0.20 + 0.03 - 0.04 £ 0.01 Exp.
354.4 0.211 0.018 0.039 Calc.

Liquid <> BCC_A2 + Monocl.#1 Eutectic 3254+22 0.97 £ 0.01 1.00 £ 0.01 0.04 £ 0.01 Exp.
325.7 0.974 1.000 0.037 Calc.

BCC_A2 < AMPD-II + Monocl.#1 Eutectoid 353.6 0.002 0.000 0.003 Calc.

BCC_A2 + Monocl.#1 <> Monocl.#2 Peritectoid 233.6 1.000 0.005 0.995 Calc.
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these sets of the parameters are shown in Fig. 1(a) and
(b), respectively, including also the experimental data.
Obviously, the resulted descriptions fit the experimental
data properly.

It was found that the eutectic point is at 90.45 mol%
SCN and 318.0 K in the NPG-SCN system and at
97.39 mol% SCN and 325.7 K in the AMPD-SCN sys-
tem. In the NPG-SCN system the OCs/ODICs trans-
formation occurs at a temperature of about 3 K
lower than the temperature of the eutectic reaction
(see Fig. 1(a)). That yields this binary system promising
for applications as a model system for in situ observa-
tion of coupled eutectic growth with non-facetted
phases. In the AMPD-SCN system the OCs/ODICs
transition takes place at a temperature of about 29 K

Liq.+FCC
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300 ] T \ T
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Fig. 1. Phase diagram of the binary system NPG-SCN (a) and
AMPD-SCN (b) in the investigated temperature ranges: lines result
from the present CALPHAD description; points are own experimental
data.

higher than the temperature of the eutectic reaction
(see Fig. 1(b)). Therefore the eutectic reaction involves
the liquid, the non-faceted BCC_A2 phase (ODICs) of
SCN and the faceted monoclinic (OCs) phase of
AMPD.

Fig. 2 shows the calculated phase diagrams of both
systems including phase equilibria at sub-ambient tem-
peratures. The sub-ambient equilibria result from ther-
modynamic modelling and were not proven
experimentally within the frame of this work.

The calculated equilibria with the AMPD-II phase
[2] in the AMPD-SCN system are presented in Fig.
3 and show very small temperature (~0.8 K) and com-
position (~0.4 mol% SCN) ranges for the stability of
this phase.

450
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Fig. 2. Calculated phase diagram for the binary system NPG-SCN
(a) and AMPD-SCN (b) including equilibria at sub-ambient
temperatures.
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Fig. 3. Detail of calculated AMPD-SCN phase diagram showing non-
variant transformation of the AMPD-II phase.
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Fig. 4. Enthalpy of the OCs/ODICs transformation and enthalpy of
melting for the NPG-SCN (a) and AMPD-SCN (b) system. Open
points show the contributions of the primary phases and the eutectic.
The points stem from own DSC measurements and the lines results
from the present CALPHAD descriptions.

The calculated enthalpies of melting and the contri-
butions of the primary phases and the eutectic to the
enthalpies of melting for NPG-SCN and AMPD-
SCN alloys are shown in Fig. 4(a) and (b), respectively.
The calculated values match the experimental data ob-
tained by the DSC measurements quite well. It is worth
noting that the experimental enthalpy data were also
very useful in earlier stages of optimisation: They were
used for the evaluation of mutual solubility limits by
straight line extrapolation of the enthalpy of OCs/
ODICs transformation and also of the eutectic contri-
butions to the enthalpy of melting. For example, in
Fig. 4(a) the intersection points of these lines and the
composition axes correspond to the solubility of SCN
in NPG and of NPG in SCN at the temperatures of
the relevant non-variant reactions. Sharp change of
the slope of the composition dependency of the melting
enthalpy in the AMPD-SCN system at ~4 at.% SCN
(see Fig. 4(b)) also directly indicates the solubility limit
of SCN in the BCC_A2 phase of AMPD at the eutectic
temperature.

Fig. 5(a) and (b) shows the composition dependency of
the enthalpy of formation of phases, as calculated from
the present thermodynamic descriptions. For all phases
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Fig. 5. Calculated integral enthalpy of formation of phases in the
NPG-SCN (a) and the AMPD-SCN (b) system.
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of both systems, except FCC_A1 in NPG-SCN, repulsive
intermolecular interactions are dominant. From a ther-
modynamic point of view the FCC_A1 phase in NPG—
SCN behaves practically close to ideal. The values were
obtained by simultaneous optimisation of the enthalpies
of melting of the alloys, solubility, the liquidus and the so-
lidus data. This procedure leads to good values of the
enthalpies of formation of phases relative to one another.
However, their absolute values need to be checked by di-
rect experimental methods, e.g., by calorimetry.

2.3. Unidirectional solidification

Unidirectional solidification experiments were per-
formed after a previous equilibration of NPG-SCN
and AMPD-SCN samples inside the Bridgman fur-
nace, when a well defined interface between solid
and liquid was established. For the experiments with
NPG-SCN alloys flat glass cells with gap thickness
of about 5-10 pm prepared according to [1] were
used. For experiments with AMPD-SCN alloys rec-
tangular glass capillaries with 300 pm in thickness,
4 mm in width and 120 mm in length were used.
To provide homogeneous samples in such thin cells
or capillaries, the liquid alloys were filled by vacuum
sucking and kept in liquid state before applying the
temperature gradient. Otherwise, when the equilibra-
tion in the Bridgman furnace was performed on solid
samples a lot of small and randomly distributed bub-
bles formed inside the cells, probably due to large
volume changes associated to the OCs/ODICs
transformations.

2.3.1. NPG-SCN alloys

Fig. 6(a)—(c) shows the photographs of the stabi-
lized interface after an equilibration time of 1 h for
the hyper-eutectic alloy NPG-91.3 mol% SCN, for
the eutectic alloy NPG-90.45 mol% SCN and for the
hypo-eutectic alloy NPG-89.7 mol% SCN, respec-
tively. In the hyper-eutectic alloy (Fig. 6(a)) a layer
of about 50 um length consisting of the primary phase
of SCN (the BCC_A2 phase) can be observed. In the
hypo-eutectic alloy (Fig. 6(c)) a layer of about
110 um containing disk-like primary particles of the
FCC_A1 phase of NPG is established, with the parti-
cles being non-facetted as well. In the eutectic alloy
(Fig. 6(b)) the solidification of the liquid sample
started with a regular rod-like eutectic structure. In
the process of equilibration prior to solidification with-
in the time of about 1h the phases coarsen at the solid/
liquid interface while sharp and well-developed triple
points form between the FCC_Al1l (NPG), the
BCC_A2 (SCN) and the liquid phases.

In the early stage of unidirectional solidification of
the eutectic alloy a regular rod-like pattern starts to de-
velop (Fig. 7(b)) and after 40 min of solidification under

Fig. 6. Microstructure of selected NPG-SCN alloys prior to unidi-
rectional solidification. The solid/liquid interface was stabilized from
fully liquid samples and equilibrated inside the Bridgman furnace after
1 h under a temperature gradient G=4.5 K mm~! for the hyper-
eutectic alloy NPG-91.3 mol% SCN (a), for the eutectic alloy NPG—
90.45 mol% SCN (b) and for the hypo-eutectic alloy NPG-89.7 mol%
SCN (c). Different brightness of the NPG particles is due to their
different high level or focus positions.

the temperature gradient G =4.5 K mm ™' and the pull-
ing velocity v=0.10 um s~' regular rod-like eutectic
growth establishes. For the hyper-eutectic alloy a
banded structure was observed for the same solidifica-
tion conditions as above, where eutectic bands are sepa-
rated by single phase bands of BCC_A2 (SCN). The
banded structure shows a periodicity of about 150 um
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Fig. 7. The microstructures of the hyper-eutectic alloy NPG-91.3
mol% SCN (a), of the eutectic alloy NPG-90.45 mol% SCN (b) and
of the hypo-eutectic alloy NPG-89.7 mol% SCN (c) during early
growth show coupled growth establishing. The temperature gradient
and the pulling velocity are G=4.5 K mm™! and v»=0.10 ym s,
respectively.

(Fig. 7(a)). Here it was observed that growth of eutectic
bands starts from the BCC_A2/liquid interface after
considerable undercooling via nucleation of the
FCC_A1 phase of NPG.

For the case of the hypo-eutectic alloy (Fig. 7(c))
the primary disk-shaped NPG particles coarsen during
early growth, interrupt rod growth and generate new
grains consisting of several NPG rods. After over-

Fig. 8. Microstructure of the hypo-eutectic alloy NPG-89.7 mol%
SCN after 12 h of unidirectional solidification with a pulling velocity
v =0.10 pm s~ ! under the temperature gradient of 4.5 K mm™" close to
the cooler of the Bridgman furnace. Black regions in the middle part of
the picture correspond to the FCC (ODICs)/monoclinic (OCs)
transformation of the NPG rods.

growing the region with primary NPG particles, stea-
dy-state solidification in this sample is achieved with
regular coupled growth (Fig. 8). Here the microstruc-
ture is recorded in a region far from the solid/liquid
interface close to the cooler of the Bridgman furnace:
The black rods (see middle part of the Fig. 8) are due
to the solid state transformation of NPG, namely the
transition from the FCC_A1 (ODICs) to the mono-
clinic (OCs) phase.

It can be concluded, that in the NPG-SCN system
coupled growth of two non-facetted plastic crystals
occurs from the liquid of eutectic composition with a
regular rod-like structure. The plastic crystals or ODICs
are SCN with BCC_A2 structure and NPG with
FCC_AL structure. The eutectic pattern consists of 88
vol% SCN (BCC_A2 phase, matrix) and 12 vol% NPG
(FCC_A1 phase, rods).

2.3.2. AMPD-SCN alloys

In Fig. 9(a)-(d) the photographs of the stabilized
interface inside the Bridgman furnace are shown, cor-
responding to an equilibration time of 1 h for the
eutectic alloy AMPD-97.4 mol% SCN with G=4.5 K
mm~ ', for the hypo-eutectic alloy AMPD-76.3 mol%
SCN with G=5.9 K mm™', for the hypo-eutectic al-
loy AMPD-57.2 mol% SCN with G=6.0 K mm™'
and for the AMPD-rich alloy with 11.5 mol% SCN
(G=7.5 K mm '), respectively. In the eutectic alloy
(Fig. 9(a)) the faceted monoclinic (AMPD) crystals
protrude from the BCC_A2 (SCN) into the liquid.
In the hypo-eutectic alloy AMPD-76.3 mol% SCN
(Fig. 9(b)) a layer of the monoclinic long crystals pro-
trude far into the liquid. In the hypo-eutectic alloy
with 57.2 mol% SCN (Fig. 9(c)) a compact layer of
facetted monoclinic crystals of the AMPD phase are
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in equilibrium with the liquid phase. These observa-
tions agree well with the modelled phase diagram
AMPD-SCN. The alloy AMPD-11.5 mol% SCN
(Fig. 9(d)) shows a layer of about 400 um consisting
of BCC_A2 primary crystals (ODICs) ahead of the
monoclinic crystals (OCs) that is also in good agree-
ment with the obtained phase diagram (see Fig. 1(b)).

Unidirectional solidification of all the above
AMPD-SCN alloys over distances of about 2 mm re-
sulted in facetted crystal growth of the monoclinic
AMPD-phase: The eutectic alloy solidified at v =0.1
um s~ ' showed that the crystals formed during equili-
bration continued to grow without obvious change of
shape or thickness (Fig. 10). The hypo-eutectic alloy
AMPD-76.3 mol% SCN solidified at v=0.1 pm s~ !
formed well facetted and somewhat tilted crystals of
AMPD (Fig. 11(a)). Increasing the pulling rate to
v=1.0 pm s~ ! resulted in faster growth of monoclinic

S W e \
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Fig. 10. The microstructure of the eutectic alloy AMPD-97.4 mol%
SCN during early growth shows the faceted monoclinic crystals
(AMPD) and non-facetted BCC_A2 phase (SCN) at the solid-liquid
interface. The temperature gradient and the pulling velocity are
G=45K mm~! and v=0.10 pum s~, respectively.

Fig. 9. Microstructure of the AMPD-SCN alloys prior to unidirectional solidification: The solid/liquid interface was equilibrated inside the
Bridgman furnace for 1 h for the eutectic alloy AMPD-97.4 mol% SCN with G=4.5 K mm~! (a), for the hypo-eutectic alloy AMPD-76.3 mol%
SCN with G = 5.9 K mm™' (b), for the hypo-eutectic AMPD-57.2 mol% SCN alloy with G = 6.0 K mm™" (c) and for the AMPD-rich alloy with 11.5

mol% SCN (G =7.5 K mm™") (d).
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Fig. 11. Growth of the monoclinic crystals (AMPD) in hypo-eutectic
alloy AMPD-76.3 mol% SCN under the temperature gradient of 5.9 K
mm~": (a) pulling velocity is v=0.1 pm s~ '; (b) pulling velocity
changed from v=0.1 to v=1.0 um s~! and hollow crystals start to
grow (see upper part of the picture); (c) continuing growth of the
rectangular shaped capillaries and open profiles at pulling velocity
v=1.0pms™ "

AMPD-crystals with rectangular shape in cross-sec-
tion, which gradually transformed into rectangular
shaped capillaries (hollow crystals) (see upper part of
Fig. 11(b)). With time growth of these capillaries or
open thin wall profiles was dominant (Fig. 11(c)).
The hypo-eutectic alloy AMPD-57.2 mol% SCN solid-
ified at v = 0.1 pm s~ ' exhibited single phase growth of
massive facetted monoclinic AMPD-crystals (Fig. 12).

Fig. 12. Growth of the monoclinic crystals (AMPD) in hypo-eutectic

alloy AMPD-57.2 mol% SCN under the temperature gradient G =

6.0 K mm~'and the puling rate v =0.1 pm s~

3. Conclusions

The present work was dedicated to the thermody-
namic description of the binary organic alloy systems
neopentylglycol-succinonitrile (NPG-SCN) and ami-
no-methyl-propanediol-succinonitrile ~ (AMPD-SCN)
by means of experimental and computational thermo-
dynamics. The phase diagrams for the systems were
modelled using the CALPHAD approach that simulta-
neously optimises experimentally determined thermody-
namic data and data on phase equilibria. A proper
agreement between experimental and calculated data
for the phase diagrams as well as for the thermochemical
properties was achieved. Experiments and calculations
show that both systems NPG-SCN and AMPD-SCN
exhibit a eutectic reaction with the eutectic point at
90.45 mol% SCN (318.0 K) and at 97.39 mol% SCN
(325.7 K), respectively. In the NPG-SCN system this
reaction occurs at a temperature of about 3 K higher
than the temperature of the OCs/ODICs transition,
and is thus promising for application as model systems
for in situ observation of non-facetted coupled eutectic
growth. Unidirectional solidification of the ecutectic
NPG-SCN alloys confirmed that coupled growth of
two non-facetted phases occurs with a regular rod-like
structure. Unidirectional solidification of the SCN-rich
alloys of the AMPD-SCN system resulted in growth of
the well faceted monoclinic crystals of AMPD, which
transform with increasing puling rate into rectangular
shaped capillaries or open thin wall profiles.
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