
This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 10:58
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid
Crystals
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Process of Intercalation of Manganese Chloride into
Graphite Fibers and their Application in a Chemical
Heat Pump
Tarik Dellero a , David Sarmeo a & Philippe Touzain a
a Laboratoire d'Electrochimie et de Physicochimie des Matériaux et Interfaces - Ecole
Nationale Supérieure d'Electrochimie et d'Electrométallurgie de Grenoble, B.P. 75, 38402,
Saint Martin d'Hères, FRANCE

Version of record first published: 04 Oct 2006

To cite this article: Tarik Dellero, David Sarmeo & Philippe Touzain (1998): Process of Intercalation of Manganese Chloride
into Graphite Fibers and their Application in a Chemical Heat Pump, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 310:1, 303-308

To link to this article:  http://dx.doi.org/10.1080/10587259808045353

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808045353
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysf. Liq. Cryst., 1998. Vol. 310, pp. 303-308 
Reprints available directly from the publisher 
Photocopying permitted by license only 

B 1998 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license 

under the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

Process of Intercalation of Manganese Chloride into Graphite 
Fibers and their Application in a Chemical Heat Pump 

TARIK DELLERO, DAVID SARMEO, and PHlLlPPE TOUZAIN 
Laboratoire d'Electrochimie et de Physicochimie des Materiaux et 
Interfaces - Ecole Nationale Superieure dElectrochimie et 
d'Electrom6tallurgie de Grenoble 
B.P.75, 38402 Saint Martin d'Heres, FRANCE 

First stage intercalation compounds of manganese chloride were 
obtained in graphite fibers owing to chemical vapor transport with 
gaseous heterocomplexes. These intercalated fibers used in a 
chemical heat pump for the reaction with ammonia gave better 
performance in energy and power. 

Kevwords: graphite fibers; intercalation; chemical heat pump; 
manganese chloride 

INTRODUCTION 

Carbon fibers are mainly used for the composite applications because 

of their high strength, low mass density, and also high electrical and 

thermal conductivities. Nevertheless, the intercalation of chemical 

species into fibers modifies the range of the properties of fibers, 

reducing the mechanical ones but increasing others. In particular, the 
chemical heat pump with ammonia systems are clearly enhanced by 

the use of metal chloride graphite fibers intercalation compounds 

(GFIC) instead of pure metal chloride, due to the improvement of the 

thermal and mass transfers"]. 

The intercalation of chemical species into graphite fibers (GF) presents 

some difficulties and depends on different conditions : 
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0 the degree of graphitization of the fiber : mesophase pitch based and 

vapor-grown carbon fibers are really better intercalated than the PAN 

ones. In the pitch based series, the well graphitized Amoco fibers are 

more easily intercalated. 

the nature of the intercalate : the obtaining of first stage GFIC has only 

been reached with alkali metals, though bromine intercalation has 

extensively been studied”. Acceptors as metal chlorides have been 

relatively less studid? They generally give second stage GFlC except 

for vapor-~rown fibers and in the case of arsenic pentafluoride acceptor. 

0 the method of intercalation : the two bulbs method is an excellent 

way in the case of the intercalation of alkali metals, but it does not give 

such good results with metal chlorides because of their low vapor 

pressures. It is known that the chemical vapor transport of metal 

chlorides can be strongly increased by the use of gaseous 

heteroc~mplexes[~”~~. This method has been used with success in 

several intercalations with graphite and fibers[’631n owing 

to Fe2Cls, AI2Cl6 or possibly CoClz as complexing gaseous species. 

INTERCALATION INTO GRAPHITE FIBERS 

ExDerimental 
Carbon fibers were chosen between the pitch-b sed carbon fib-rs: 

Amoco P120, Amoco K l l O O  and Tonen FT700. Manganese, copper(l1) 

and iron( II) chlorides were heated at 150°C for dehydration under 

vacuum before use. The fibers were placed in a Pyrex glass tube in 

presence of the mixed powders of manganese chloride and 10% iron( 11) 

or copper(l1) chloride. After a second dehydration which also allow the 

desizing of the fiber, the intercalation was performed under chlorine 

gas pressure (1 to 8 bars) at 500°C during about 5 days. 
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MnC12 INTERCALATION INTO GRAPHITE FIBERS 305 

The MnCI2-GFICs have been characterized by means of X ray 

diffractometry (CuKa), chemical analysis, diameter measurement, 

thermal conductivity and electrical resistivity 

Reactions details 

MnC12-FeCls mixture 

In the presence of chlorine, the iron(l1) chloride is oxidized into iron(1ll) 

chloride. Then, the heterocomplexe is obtained according top1 : 

2 FeC13(s) FezCb(G) (1 1 
(2) 

The thermodynamic values allow to calculate the vapor pressures of 

the different gases in equilibrium with the solid (Fig. 1). We can 

observe that for the selected intercalation temperature (SOOOC), the 

vapor pressure of MnFe2Cle complex is about 0.02 bar whereas pure 

MnClz pressure is only 10" bar. Intercalation of the complex can 

already take place. Then, Fe&ls being more volatile than MnCl2, it can 

partially get out of the fiber so that the intercalated Mn/Fe ratio 

increases. In fact, Fe2C16 is used as a "taxi" in the chemical transport 

FMX(G)  + MnCIz(s) 2 MnFezCla(G) 

method. 
2 
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FIGURE 1 Calculated vapor pressure of MnCh compared with its complex 
one in presence of an excess of FeClJ (s) under 1 bar of chlorine. The arrow 

indicates the MnClz apparent volatility increasing. 
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MnCI2-CuCl2 mixture 

In this mixture, several reactions can take place : .sublimations of 

CuCIz (s). into CuC12 (0) and of MnCh (s) into MnC12 (G), decomposition of 

CuC12 into CuCl (s) and H Clz (0). (this reaction is equilibrated at 480" 

under a chlorine pressure of 1 bar ), trimerisation of CuCl (s) in Cu3C13 in 

the gas phase. 

CuC12 (G) could form an h e t m p l e x  with MnCIz as MnCuC14 (some 

MCuCI, complexes with M = Fe, Co, V... have been described).. 

Complexes of Cu&I, with MnClz can also be expected['". The intercalation 

mechanism should be chosen between a complex intercalation process, or 

a co-intercalation process (CuCl2 being the first intercalated). 

Results 

The utilization of these gaseous complexes presents the following 

advantages for the manganese chloride intercalation : (i) a high 

reaction rate because of the high vapor pressure of the complexes, (ii) 

a good enrichment in the GFlC with MnC12 due to the enhancement of 

the mass transfer. 

The progression of the reaction as a function of time was observed by 

the disappearance of the (002) graphite diffraction line. The (101) line 

completely disappeared which was usual for the GIC. But, the (100) 

line also disappeared which showed a high disorder increasing of the 

graphite planes orientation in the fibers. Stage 1 (with K1100) or a 

mixture of stages 1 and 2 (with P120) GFlC were obtained using the 

complexes method as we could see on the diffractometry results. 

Chemical analyses gave for example : 

KllOO: P120 : 
C5.2Mno.a3Feo.l~C12.21 Ca75Mno.7eFeo.z4CIz.i~ 
CZ.S~M~O.~CUO.BCI~.OE c4.7Mno.75cuo.zsc12.31 
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MnCl2 INTERCALATION INTO GRAPHITE FIBERS 307 

The diameter increased from 10 pm for the pristine fiber to about 12.5 

pm for the intercalated fiber. The thermal conductivity lost about 50% 

of the pristine graphite fibers ones (about 200 W/mK, value which was 

widely sufficient for the next application). The electrical resistivity 

decreased with a ratio of about 3. 

APPLICATION TO CHEMICAL HEAT PUMP 

The 

absorption solid-gas reaction placed in a reactor such as : 

of the chemical heat pump is based on the reversible 

CfinC12(NH3)2 + 4 NH3 e CfinC12(NH3)6 (3) 
The reaction is exothermic (- 4 9  kJ/mol of NH3 or 1590 kJkg of MnCI2) 

and thus produds heat. During this step, another reaction (NH3 &)e NH, (G) 

takes place in the evaporator (connected to the reactor by a tube). This 

endothermic readion (- 20 kJMH3 mol) supplies cold used for air 

conditioning, refrigeration ... 
Advancement 
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FIGURE2 Advancementcurvesforthe reactjOn (3) : 8 : (P120)GFIC 

(C8.8MnC12(FeC13)J; b: (Fl700)GF and MnC12 powder ;c: pure MnCI2. 
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308 T. DELLERO er ul. 

The Fig. 2 presents the advancement curves as a function of time for 
different reagents. One can see the highest enhancement in kinetics with 

the use of (Pl20)GFIC due to the mass and thermal transfers. The energy 

yield is close to its maximum and the power very high. 

CONCLUSION 

Intercalation compounds of graphite fibers with manganese chloride 

gives promising applications of chemical heat pump systems for 

energetic production of heat and cold. 
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