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Abstract

Silicone rubber is an organic/inorganic hybrid macromolecular polymer with properties such as fire resistance,
strength, flexibility, chemical resistance, thermal stability, hydrophobicity, dielectric characteristics, resistance to
environmental conditions, and biocompatibility. It is an elastomer and exhibits high-performance characteristics
compared to most materials in its class. Its current properties and the relative ease of enhancing its characteristics have
significantly increased the industrial utilization of silicone rubber. Due to its mineral structure, silicone rubber is
frequently used as an insulating material to ensure circuit integrity in the production of fire-resistant cables. It exhibits
low smoke zero halogen (LSZH) characteristics, with low level release of toxic gases as a result of combustion reactions.
In this study, silicone rubber compounds including a natural mineral Huntite with improved fire-resistant properties
compared to standard silicone materials suitable for cable production were prepared. After cable production the fire
performance properties alongside the physico-mechanical characteristics of the final products were examined. To
determine the flame retardancy of the material, limiting oxygen index (LOI1%) and fire performance tests were performed
according to the 1SO 4589-2 and BS 6387 standards, respectively. The results show that Huntite is a suitable alternative
material to improve silicone materials' flame resistance.
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Huntit Dolgusunun Silikon Kaucuk Uzerinde Alev Geciktirici ve Mekanik

Ozelliklerine Etkisinin Kablo Uygulamalarinda Incelenmesi

Oz

Silikon kauguk, yangina dayaniklilik, mekanik dayaniklilik, esneklik, kimyasal direng, termal stabilite, hidrofobiklik,
dielektrik karakteristikleri, cevresel kosullara karsi direng ve biyolojik uyumluluk gibi 6zelliklere sahip organik/inorganik
hibrid bir makromolekiiler polimerdir. Elastomer sinifindaki ¢ogu malzeme ile karsilastirildiginda yiiksek performans
ozellikleri sergiler. Sahip oldugu bu 6zellikler ve bu dzelliklerin gelistirilmesinin goreceli kolay olmasi, silikon kaugugun
sanayide kullanimini 6nemli 6l¢iide artirmaktadir. Mineral yapisi nedeniyle silikon kauguk yangina dayanikli kablolarin
iiretiminde devre biitiinliigiinii saglamak i¢in bir yalitkan malzeme olarak sik¢a kullanilmaktadir. Yanma reaksiyonlart
sonucunda toksik gazlarin diisiik seviyede salinimu ile diisiik duman ve sifir halojen (LSZH) dzelliklerine sahiptir. Bu
calismada, kablo iiretimine uygun standart silikon malzemelere gore yangina dayaniklilik 6zellikleri gelistirilmis, dogal
bir mineral olan Huntit iceren silikon kauguk bilesikleri hazirlanmistir. Kablo iiretiminden sonra nihai {irliniin fiziko-
mekanik 6zelliklerinin yani sira yangin performans 6zellikleri de incelenmistir. Kablolarin alev geciktirici 6zelliklerini
belirlemek i¢in 1ISO 4589-2 ve BS 6387 standartlarina gore sirasiyla sinirli oksijen indeksi (LOI%) ve yangin performans

testleri gergeklestirilmistir. Sonuclar Huntitin silikon malzemelerin alev direncini arttirmak ic¢in uygun bir alternatif
malzeme oldugunu gdstermektedir.

Anahtar kelimeler: Silikon kauguk, Huntit-Hidromagnezit, Alev geciktirici, Kablo, Alev testleri
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1. Introduction

Silicone rubber (SR) is a semi-organic and semi-inorganic material with low heat release rate,
low total heat release, and low fire index. [1-6] At the same time, SR has excellent thermal stability,
which is transformed into a continuous, oxidation-resistant, insulating network-like silica ash
covering the surface after burning, [7] effectively preventing further ablation. Its existing properties
and the relative ease of property improvement significantly increase the use of silicone rubber in
industry. Which is that silicone rubber is an excellent material to ensure the circuit integrity. However,
its own flame retardancy performance is not enough to meet the requirements of products, such as
fire door and fireproof cable material. [8,9]

In fire-resistant cable applications, the performance of SR material is insufficient to pass the
tests required to meet standards such as BS 6387 protocols C, W, and Z. Therefore, in fire-resistant
cable applications, the selection of materials and their compounding is crucial.

Nowadays, the most widely used groups of mineral fire retardants are metal hydroxides such
as Aluminum hydroxide (ATH) and Magnesium Hydroxide (MDH). In addition, silicone dioxide and
calcium carbonate are the most widely used groups of cost-effective mineral fillers in industrial
applications.

In silicone rubber compounding, inorganic reinforcement agents, especially silicon dioxide,
are commonly used to modify mechanical properties such as tensile strength, elongation, and hardness
according to the filler’s particle size. Since these fillers has inorganic structure, they also improve the
char forming properties, resulting in improved flame-retardant properties. But the main utilization of
reinforcement agents is cost reduction.

Metal hydroxides act as fire retardants by releasing water vapor through endothermic
decomposition leaving a thermally stable inorganic residue. When used as a filler in polymer
composites, they dilute the combustible polymer decomposition products with water, cooling the
condensed phase through the endothermic dehydration.

Nowadays, the use of mineral rocks as flame retardant fillers in industrial applications is
becoming widespread. Considering the literature studies, grinding them to appropriate sizes, causes
both flame retardancy as well as cost reduction. There are studies in the literature on the utilization
of Huntite-Hydromagnesite among these filler materials such as Aluminum hydroxide (ATH) ,
Magnesium hydroxide (MH), Zinc Borate (ZB), Colemanite (C). [10-14]

Huntite, with the formula MgsCa(COs)4, is a rock-type carbonate compound found mixed with
Hydromagnesite in nature and can be produced in desired particle sizes with modern grinding
technology. It decomposes by an endothermic reaction similar to ATH and MDH. Decomposition
begins with the separation of chemically bound H20 at temperatures above 240°C, and forms char in
the physically stable Mg and Ca oxide structure with the separation of CO2 at high temperatures (450-
800°C) [15].

Since the discovery of natural Huntite-Hydromagnesite deposits in late 1980’s, there has been
considerable number of works published regarding the structure [16-21] and thermal decomposition
[22-37] of Huntite-Hydromagnesite materials. Due to its two-stage decomposition using Huntite-
Hydromagnesite mineral instead of Quartz in silicone rubber compound is promising for fire
retardancy applications.

In this study, it was aimed to examine the use of natural mineral filler Huntite instead of quartz,
which is widely used in silicone rubber compositions, in terms of both mechanical and fireproof
properties. For this purpose, mechanical and fire-retardant properties of Silicone Rubber/Huntite
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composites were investigated by comparing them with a standard Silicone/Quartz composite. By
subjecting the cables produced by the standard extrusion method to the relevant international fire
tests, the effect of Huntite mineral as a fire-retardant material for silicone compounds for cable
production applications has been scientifically investigated.

2. Materials and Methods
2.1. Materials

Two different peroxide curable high-consistency rubber (HCR) silicone rubber, commercial
name Elastosil R 401/55 S and Elastosil R 500/60 OH was purchased from Wacker Chemie AG,
(Munich, Germany). Natural Huntite-Hydromagnesite mineral was purchased from Minelco Ltd.,
(Izmir, Turkey). The curing agent, di(2,4-dichlorobenzoyl) peroxide was purchased from Akzo Nobel
GmbH, (Amsterdam, The Netherlands) and the coloring blue pigment was purchased from Rockwood
Pigments (Kidsgrove, England). All materials were used as received.

2.2. Sample Preparation

Silicone rubber composites were prepared using two roll-mill operating at room temperature
according to formulations given in Table 1. The silicone rubbers were initially softened, after Huntite-
Hydromagnesite mineral were introduced as fillers. The Rubber and filler thoroughly mixed until a
visually homogeneous mixture was achieved. After 25 minutes of mixing, a curing agent, DCBP, was
added to the system. The total mixing time extended to approximately 30 minutes. Following the
compounding process, the silicone rubbers were allowed to condition for 16 hours. Subsequently, the
silicone rubber formulations were extruded onto copper wire with a 1.5 mm? surface area using an
extruder with 90 mm screw diameter to form the cores of the selected LIHH 2x1.5mm2 control cable
for this study. For a reference sample SR/Quartz composite has been chosen. All of these production
steps applied as same for the sample 2M30.

Table 1. Formulations of Silicone rubber composites

Composition (phr) Compound Code
2M204 2M205 2M206 2M30
Silicone Rubber /1 50,00 50,00 50,00 50,00
Silicone Rubber /2 50,00 50,00 50,00 50,00
Huntite-Hydromagnesite 20,00 25,00 30,00 -
Quartz - - - 30,00
Curing agent 1,35 1,35 1,35 1,35
Coloring pigment 0,35 0,35 0,35 0,35

The general schematic view of the continuous extrusion process used in the study, which
includes (i) extruding SR on wire, (ii) passing the covered wire through the heat-shocking units
located downstream of the extrusion line, (iii) the vulcanization process by passing through a hot air-
flowing heat tunnel is given in Figure 1.

Hot Air Vulcanization Tunnel

To cooling unit Hot air generator Second Heat Shock From extruder
B — H
(400 - 450 °C) Unit —
Air flow _ (400 - 450 °C)

Figure 1: General schematic view of the extrusion process
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As seenin Figure 2, the selected LIHH type cable’s structure consists of multiple layers: While
stranding the cable cores (produced by SR extrusion process) to form the appropriate structure, they
are stranded with a layer of fiberglass tape. Finally, to give the cable its final form, a HFFR material
is extruded as outer sheath.

Silicone Fiber-glass HFER Polyolefin
Insulation Tape Compound Sheath

Figure 2: LIHH type cable’s structure

2.3. Characterization Methods

Rheological analysis performed by a moving die rheometer MDR (Gotech M-3999AU).
Analysis carried out at 120°C for 5 min. The torque value was monitored as a function of time. In
rheological analysis, standard curing parameters:

ML, minimum torque — A measure of the viscosity of the uncured compound.

MH, maximum torque — A measure of cure state. With some compounds, maximum torque can be
related to vulcanizate modulus and hardness.

ts2 — time for torque to increase 0.2N.m or above ML —a measure of scorch time or processing safety.

t10, t50, t90 — time to reach 50% or 90% of maximum torque development, calculated as time to 0.5
MH or 0.9 MH — a measure of cure rate or an estimate of cure time at the test temperature.

were investigated.

Tensile strength and elongation measurements were performed using Universal Testing
Machine (Zwick model Z005) at room temperature. Tensile tests conducted on dumbbell shaped
samples (125x75x3.0 mm?®) at a speed of 50 mm/min according to the standard IEC/EN 60801.
Tensile strength, percentage elongation at break and modulus values were recorded. All the results
were calculated with an average value of five samples with standard deviations.

The material's hardness was determined utilizing a digital Shore A durometer (ZwickRoell
3130). For this purpose, test plates with dimensions of 10x10x0.3 cm? were prepared using a hot press
(Marestek M-gps-01) at 180°C for 6 minutes under a pressure of 150 MPa with SR materials.

LOI values were measured by Oxygen Index analyzer (Mares) on test bars of size 130x6.5x3.2
mm?3, according to the 1SO4589-2 determination of oxygen index test standard.

The fire performance of silicone materials was evaluated on the final product through the
application of C-W and Z tests in accordance with the BS 6387 standard, PH120 test according to EN
50200 standard and FE 180 test according to IEC 60331-21/23. One of the important applications of
these composites is their behavior in fire simulation. Protocol C test involves the application of only
flame onto the cable, while Protocol W test simulates the scenario where fire extinguishing systems
apply water jets onto the cable while flames are present during a fire. On the other hand, Protocol Z
test is designed to assess the impact of falling objects onto the cable or the system containing the
cable during a fire. PH 120 test involves mounting the cable in a U-shape on a vertical wall and
applying force during the free-fall motion of a cylindrical rod with a mass of 25 kg onto the wall
where the cable is mounted, under the flame at a temperature of 830°C, to assess the circuit integrity.
In the FE 180 test, the cable must operate without compromising circuit integrity for a minimum of
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180 minutes under a flame at a temperature of at least 750°C. These fire tests aim to assess situations
that could compromise circuit integrity in a real fire scenario.

According to the BS 6387 standard, in these tests, the cable is installed on the test apparatus,
and the declared voltage is applied to the conductors. The cable is then subjected to a flame at 950 +
40°C for Protocol C, 650 + 40°C for Protocol W, and 950 * 40°C for Protocol Z. In all these tests
cable must maintain its electrical continuity.

According to BS 6387 standard, in C fire test protocol, flame at a temperature of 950 + 40°C
is applied to the cable, which is mounted parallel to the flame source burner with a distance of 75
mm. The cable tested for 180 minutes must maintain its electrical continuity.

According to BS 6387 standard, the W fire test protocol involves a total duration of 30
minutes. Starting from the 15th minute of the test, the cable is subjected to water spray with a rate of
0.25 L/m?/s. The cable must maintain its electrical continuity for an additional 30 minutes under the
water spray. In accordance with the BS 6387 standard, the Z protocol apparatus incorporates a rod
weighing 25 kg. At 30-second intervals, this rod undergoes free fall motion, inducing vibrations on
the wall to which the cable is affixed.

Aging tests were conducted on the insulation part of the cores. The copper wire separated
from the silicone insulation without causing damage to the material. The test was carried out inside
an oven at a temperature of 200°C for a duration of 10 days. Tensile measurements were performed
after 16 hours of conditioning, and the percentage changes were recorded.

3. Results and Discussions
3.1. Rheological Behavior of Composites

The Elastosil R 401/55 S and Elastosil R 500/60 OH HCRs are noted for their easy
pigmentation, good flexibility, good processing characteristics, and mechanical properties. After
preparing the silicon rubber compounds, firstly, the curing characteristics of these compounds were
investigated. For this purpose, the torque versus time curves were obtained in a moving die rheometer
for 5 minutes at 120°C under 1.67 hz+0.01 oscillating frequency. As seen in Table 2 and Figure 3,
while the addition of filler did not affect the Tsz, T10, and Tso and slightly increased Too values (that
is, it did not cause any significant change in the vulcanization process), it caused an expected increase
in the measured maximum torque value. The results indicated that the all-silicone rubber compounds
have good processability, and can be easily cured by extrusion process.

Table 2: Vulcanization parameters of the composites

MH ML Ts2 T Tso  Toeo

(dN-m) (dN-m) (m:s) (m:s) (m:s) (m:s)
2M204 15,889 4,521 00:22 00:21 00:28 00:49
2M205 15,027 3,66 00:22 00:21 00:28 00:47
2M206 16,821 4,716 00:22 00:21 00:28 00:50
2M30 18,924 6,314 00:22 00:21 00:28 00:53
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Figure 3: Rheological analysis of the composites

3.2. Mechanical Properties

The values of all mechanical parameters did not change significantly (Table 3) compared to
2M30 sample. This indicates that the Huntite-Hydromagnesite mineral allows the use of this
compound as insulation for a wire, which is a crucial parameter for cable standards. Conversely,
addition of mineral filler has resulted in an improvement in the Shore A hardness value (Table 4).

Table 3: Mechanical test results according to IEC/EN 60801

Tensile Strength

Sample designation

Composition (phr) 2M 204 2M205 2M206 2M30
Dumbbell 7,72 8,51 7,34 8,45
Standard Deviation 0,30 0,39 0,14 0,45
Core insulation 6,44 7,42 7,78 8,18
Standard Deviation 0,26 0,30 0,17 0,21
Elongation Sample designation
Composition (phr) 2M 204 2M205 2M206 2M30
Dumbbell 380,90 443,13 380,21 384,92
Standard Deviation 22,40 45,91 19,50 23,73
Core insulation 459,50 344,60 368,71 346,90
Standard Deviation 36,54 38,22 26,90 32,48

3.3. Aging Properties

Cables are electrical equipment that need to be used for a long time, therefore, it is necessary
to examine the aging characteristics of cable insulation materials through thermal aging tests. The
compliance of cables with the IEC/EN 60811-401 and IEC/EN 60811-501 standards has been
assessed through thermal aging tests, and the effect of Huntit-Hydromagnesite mineral on thermal
aging has been investigated. As seen in Table 4, the use of filling material at a rate of 30 phr indicates
that the material does not meet the specified standards. It has been determined that the most optimal
level for the usage rate of the filling material, based on aging characteristics, is 25 phr.
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Table 4: Thermal aging test results according to IEC/EN 60811-401 and IEC/EN 60811-501

Tensile strength* Elongation*

Compound

(N/mm2) (%)
2M204 4,58 166,254
2M205 4,49 140,42
2M206 2,16 104,37
2M30 5,68 1477

*: Standard values for Tensile Strength= 4 N/mm? and Elongation= 120%

3.4. Flame Retardancy Properties

Table 5 and 6 present the results of BS 6387, EN50200 and IEC 60331-21/23 fire tests and
LOI test.

Table 5: Results of Flame Tests
Insulation Material FE 180 PH 30 BS 6387 C BS 6387 W BS 6387 Z

2M204 v v v X v
2M205 v v v X v
2M206 v v v X v
2M30 v v v X v

Table 6: Results of LOI Test
Compound 2M204 2M205 2M206 2M30
LOI (%) 28 29 30 29

As seen in the table 5 and table 6, all samples exhibit exceptional fire resistance. Addition of
Huntite-Hydromagnesite at 20, 25 and 30 phr also improved char formation significantly.

The two-stage degradation mechanism of Huntite-Hydromagnesite mineral delays the spread
of flames, while the resulting fused silica structure, along with the ash-retaining effect of the
fiberglass tape, forms a protective layer on the copper surface. This condition ensures the circuit
integrity of the cable even under the most challenging conditions. This char formation helps the cable
structure pass fire tests except BS 6387 W. It is concluded that the main reason why no formulation
can pass the BS 6387 W test is that the water spray in this test is a sign that the char formed as a result
of combustion has a porous structure. CO2 and water formed during the thermal decomposition of
huntite cause the resulting char to become porous. It is thought that with the extra additives added to
the formulations, products that can successfully pass the BS 6387 W test can be produced due to a
less porous and more durable char formation, in other words ceramified char structures. Nevertheless,
since all cable structures have high LOI values and pass fire tests except BS 6387 W, it can be easily
said that huntite is a highly effective mineral filler in the production of fire-resistant silicone cables.

4. Conclusions

Despite obtaining positive results in fire tests conducted according to specified standards for
all samples, the sample incorporating 30 phr Huntite filler yielded unfavorable outcomes in aging
tests conducted within the ambit of IEC/EN 60811-401 and IEC/EN 60811-501.

Notwithstanding the affirmative outcomes in BS 6387 C-Z tests and IEC 60331-21/23 FE 180
tests for all tested compounds, the fire test performance of the compounds fell short of meeting the
terms of BS 6387 W. It is discerned that the final products lack resistance to the water factor in the
BS 6387 W test.

In light of these findings, the optimal ratio of Huntite-Hydromagnesite filler for cable
applications appears to be 25 phr. The cost-effectiveness relative to the base compound has facilitated
113
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the simultaneous enhancement of both properties and cost in the final product by augmenting the
quantity of Huntite material.

Peer-review: Externally peer - reviewed.

Author contributions: Concept — H.C.U., S.E.; Data Collection &/or Processing — F.S.D.;
Literature Search - H.C.U., S.E,; Writing - H.C.U and F.S.D. All authors discussed the results and
commented on the manuscript.

Conflict of Interest: This paper has been presented at the UKMK-15 (15th National Chemical
Engineering Congress) held in Canakkale (Turkey), September 4-7, 2023.)

Financial Disclosure: This study has been supported by 2M Kablo R&D Center,
AGM22C010523 “Yangin giivenlik kablolarinda kullanilan silikon malzemesinin {iretiminde
kullanilan kauguk ve katki malzemelerinin etkisinin incelenmesi ve regete optimizasyonu”

References

[1] Mansouri J, Wood CA, Roberts K, Cheng YB, Burford RP. Investigation of the ceramifying
process of modified silicone-silicate compositions. J Mater Sci. 2007;42(15):6046-6055.

[2] Radhakrishnan TS. New method for evaluation of kinetic parameters and mechanism of
degradation from pyrolysis-GC studies: thermal degradation of polydimethylsiloxanes. J Appl Polym
Sci. 1999;73(3): 441-450.

[3] Hamdani S, Longuet C, Perrin D, Lopez-cuesta JM, Ganachaud F. Flame retardancy of
silicone-based materials. Polym Degrad Stab. 2009;94(4):465-495.

[4] Buch R. Rates of heat release and related fire parameters for silicones. Fire Saf J. 1991;17(1):1-
12.

[5] Belot V, Corriu RJP, Leclercq D, et al. Thermal redistribution reactions in crosslinked
polysiloxanes. J Polym Sci Part A Polym Chem. 2010;30 (4):613-623.

[6] Hshieh FY, Buch RR. Controlled-atmosphere cone calorimeter studies of silicones. Fire Mater.
1997;21(6):265-270.

[8] Yue, Y., Zhang, H., Zhang, Z., & Chen, Y. (2013). Polymerfiller interaction of fumed silica
filled polydimethylsiloxane investigated by bound rubber. Composites Science and Technology, 86,
1-8. https://doi.org/10.1016/j.compscitech.2013.06.019

[9] Li, Z., Liang, W., Shan, Y., Wang, X., Yang, K., & Cui, Y. (2019). Study of flame-retarded
silicone rubber with ceramifiable property. Fire and Materials, 44(4), 487-496.
https://doi.org/10.1002/fam.2802

[7] Mei N. Advance in the research and application of flame-retardant and fireproof silicone
rubber. New Chem Mater. 2008;36(2):8-9.

[10] Savas, L. A., Deniz, T. K., Tayfun, U., & Dogan, M. (2017). Effect of microcapsulated red
phosphorus on flame retardant, thermal and mechanical properties of thermoplastic polyurethane
composites filled with huntite&hydromagnesite mineral. Polymer Degradation and Stability, 135,
121-129. https://doi.org/10.1016/j.polymdegradstab.2016.12.001

[11] Basfar, A. A., & Bae, H. J. (2009). Influence of Magnesium Hydroxide and Huntite
Hydromagnesite on Mechanical Properties of Ethylene Vinyl Acetate Compounds Cross-linked by

114

Open Journal of Nano - Halil Can Ugraskan
DOI: 10.56171/0jn.1400079


https://doi.org/10.56171/ojn.1400079

Open Journal of Nano OPEN JOURNAL OF

ISSN: 2147-0081 '
(2023) 8-2
Research Article / Arastirma Makalesi o
o.
CHS

DiCumyl Peroxide and lonizing Radiation. Journal of Fire Sciences, 28(2), 161-180.
https://doi.org/10.1177/0734904109340765

[12] Cusack, P. A., & Hornsby, P. R. (1999). Zinc stannate—coated fillers: Novel flame retardants
and smoke suppressants for polymeric materials. Journal of Vinyl and Additive Technology, 5(1),
21-30.

[13] Wilkie, C. A., & Grand, A. F. (2000). Fire Retardancy of Polymeric Materials. Taylor &
Francis Group, (Wilkie & Grand, 2000, p. 285-343)

[14] Dogan, M., Dogan, S. D., Savas, L. A., Ozcelik, G., & Tayfun, U. (2021). Flame retardant
effect of boron compounds in polymeric materials. Composites Part B: Engineering, 222,
109088. https://doi.org/10.1016/j.compositesh.2021.109088

[15] Yiicel Bayram, M., Giil Ozgen, (2017) Diinyada ve Tirkiye’de Huntit Maden Tetkik ve
Arama Miidirligii; Maden Serisi 4. https://www.mta.gov.tr/v3.0/sayfalar/bilgi-merkezi/maden-
serisi/Huntit.pdf Last visited: 04.12.2023

[16] Akao, M., & Iwai, S. (1977). The hydrogen bonding of hydromagnesite. Acta
Crystallographica Section B Structural Crystallography and Crystal Chemistry, 33(4), 1273-1275.
https://doi.org/10.1107/s0567740877005834

[17] Akao, M., Marumo, F., & lwai, S. (1974). The crystal structure of hydromagnesite. Acta
Crystallographica Section B Structural Crystallography and Crystal Chemistry, 30(11), 2670-2672.
https://doi.org/10.1107/s056 7740874007771

[18] Faust, G. T. (1953). Huntite, Mg3Ca (CO3) 4 A new mineral. American Mineralogist: Journal
of Earth and Planetary Materials, 38(1-2), 4-24.

[19] Graf, D. L., & Bradley, W. F. (1962). The crystal structure of huntite, Mg3Ca(CO3)4. Acta
Crystallographica, 15(3), 238-242. https://doi.org/10.1107/s0365110x62000584

[20] Murdoch, J. (1954). Unit cell of hydromagnesite. American Mineralogist: Journal of Earth
and Planetary Materials, 39(1-2), 24-29.

[21] Rogers, A. F. (1923). The crystallography of hydromagnesite. American Journal of Science,
s5-6(31), 37-47. https://doi.org/10.2475/ajs.s5-6.31.37

[22] Beck, C. W. (1950). Differential thermal analysis curves of carbonate minerals. American
Mineralogist: Journal of Earth and Planetary Materials, 35(11-12), 985-1013.

[23] Botha, A., & Strydom, C. (2003). DTA and FT-IR analysis of the rehydration of basic
magnesium carbonate. Journal of Thermal Analysis and Calorimetry, 71(3), 987-996.

[24] Botha, A., & Strydom, C. A. (2001). Preparation of a magnesium hydroxy carbonate from
magnesium hydroxide. Hydrometallurgy, 62(3), 175-183.

[25] Choudhary, V. R., Pataskar, S. G., Gunjikar, V. G., & Zope, G. B. (1994). Influence of
preparation conditions of basic magnesium carbonate on its thermal analysis. Thermochimica
acta, 232(1), 95-110. [26] Vagvoélgyi, V., Frost, R. L., Hales, M., Locke, A., Kristéf, J., & Horvath,
E. (2008). Controlled rate thermal analysis of hydromagnesite. Journal of Thermal Analysis and
Calorimetry, 92, 893-897.

[27] Haurie, L., Fernandez, A. 1., Velasco, J. I., Chimenos, J. M., Lopez-Cuesta, J. M., & Espiell,
F. (2007). Effects of milling on the thermal stability of synthetic hydromagnesite. Materials Research
Bulletin, 42(6), 1010-1018.

[28] Inglethorpe, S. D. J., & Stamatakis, M. G. (2003). Thermal decomposition of natural mixtures
of hydromagnesite and huntite from Kozani, Northern Greece. Mineral Wealth, 126, 7-18.

115

Open Journal of Nano - Halil Can Ugraskan
DOI: 10.56171/0jn.1400079


https://doi.org/10.56171/ojn.1400079
https://doi.org/10.1016/j.compositesb.2021.109088
https://www.mta.gov.tr/v3.0/sayfalar/bilgi-merkezi/maden-serisi/Huntit.pdf
https://www.mta.gov.tr/v3.0/sayfalar/bilgi-merkezi/maden-serisi/Huntit.pdf

Open Journal of Nano OPEN JOURNAL OF

ISSN: 2147-0081 ’
(2023) 8-2
Research Article / Arastirma Makalesi o
o.
CHS

[29] Khan, N., Dollimore, D., Alexander, K., & Wilburn, F. W. (2001). The origin of the
exothermic peak in the thermal decomposition of basic magnesium carbonate. Thermochimica
Acta, 367, 321-333.

[30] Ozao, R., & Otsuka, R. (1985). Thermoanalytical investigation of huntite. Thermochimica
acta, 86, 45-58.

[31] Padeste, C., Oswald, H. R., & Reller, A. (1991). The thermal behaviour of pure and nickel-
doped hydromagnesite in different atmospheres. Materials research bulletin, 26(12), 1263-1268.

[32] Rajeswara R, Chohan VS. Kinetics of thermal decomposition of hydromagnesite. Chem Eng
Technol 1995;18:359e63.

[33] Sawada, Y., Uematsu, K., Mizutani, N., & Kato, M. (1978). Thermal decomposition of
hydromagnesite 4MgCO3-Mg(OH)2-4 H20. Journal of Inorganic and Nuclear Chemistry, 40(6), 979-
982.

[34] Sawada, Y., Uematsu, K., Mizutani, N., & Kato, M. (1978). Thermal decomposition of
hydromagnesite 4MgCOs-Mg(OH)2-4 H20 under different partial pressures of carbon
dioxide. Thermochimica acta, 27(1-3), 45-59.

[35] Sawada, Y., Yamaguchi, J., Sakurai, O., Uematsu, K., Mizutani, N., & Kato, M. (1979).
Thermal decomposition of basic magnesium carbonates under high-pressure gas
atmoshpheres. Thermochimica acta, 32(1-2), 277-291.

[36] Sawada, Y., Yamaguchi, J., Sakurai, O., Uematsu, K., Mizutani, N., & Kato, M. (1979).
Thermogravimetric study on the decomposition of hydromagnesite 4MgCOs-Mg(OH)2-4
H20. Thermochimica acta, 33, 127-140.

[37] Sawada, Y., Yamaguchi, J., Sakurai, O., Uematsu, K., Mizutani, N., & Kato, M. (1979).
Isothermal differential scanning calorimetry on an exothermic phenomenon during thermal
decomposition of hydromagnesite 4MgCO3- Mg(OH)2-4H20. Thermochimica Acta, 34(2), 233-237.

116

Open Journal of Nano - Halil Can Ugraskan
DOI: 10.56171/0jn.1400079


https://doi.org/10.56171/ojn.1400079

	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Sample Preparation
	2.3. Characterization Methods
	3. Results and Discussions
	3.1. Rheological Behavior of Composites
	3.2. Mechanical Properties
	3.3. Aging Properties
	3.4. Flame Retardancy Properties
	4. Conclusions
	References

