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Abstract 

Expanded graphite (EG) is a well-known carbon derivative and widely used as the 

thermally conductive enhancer for thermal management composites. However, the 

accurate thermal conductivity measurement of an individual EG particle is still 

unexploited, which prevents the exploration of the coupling mechanism between EG 

and matrices and further measures for thermal conductivity enhancement. Herein, using 

a variable-length T-type method, we measure the thermal conductivity of an individual 

expanded graphite ribbon (EGR) obtained by mechanically compressing a separate EG 

particle. The EGR has a micrometer-sized thickness and a millimeter-sized length. By 

changing the sample length while maintaining the contact junction, we simultaneously 

obtained the thermal conductivity of the EGR and the thermal contact resistance 

between the sample and the probe. The longitudinal thermal conductivity of the EGR 

reaches up to 335.6±27.4 W m-1 K-1 at room temperature and decreases to 254.8±20.8 

W m-1 K-1 as the temperature rises from 300 K to 380 K. With a higher thermal 

conductivity than most graphene paper products and some carbon fibers, this low-cost 
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nanocarbon-based material exhibits a great advantage in the development of thermally 

conductive composites, and the presented accurate thermal conductivity provides 

indispensable data for the rational design of composites.  

Keywords: Expanded graphite; graphite ribbon; variable-length T-type method; 

thermal conductivity; thermal contact resistance 

 

1. Introduction 

Thermal management technology based on advanced functional materials has drawn 

wide attention toward the temperature regulation of electronics and thermal energy 

storage [1]. For these applications, superior thermal transport is always desired to fast 

spread or extract heat, which requires substantial improvement in thermal conductivity 

of functional materials. Owing to their intrinsic high thermal conductivity, graphite and 

its derivatives including expanded graphite, carbon nanotube, graphite nanoplatelet, 

and graphene nanosheet have been widely used as the building block to construct bulk 

heat conductor or as the thermally conductive additives to improve the thermal 

conductivity of organics like macromolecular polymer or micromolecular phase change 

materials [2-4]. To better understand the coupling mechanism among different materials 

and boost the thermal conductivity of bulk materials, characterizations of the thermal 

conductivity of the individual small-sized graphite derivative is of vital importance [5]. 

Among various graphite derivatives, expanded graphite or exfoliated graphite (EG) 

is a well-known material produced from graphite intercalation compounds and featured 

by a high separation degree of a substantial portion of the carbon layers in the graphite 

[6,7]. The exfoliation process resulting in this separation can involve chemical, 

mechanical, and thermal methods, and the separation occurs between adjacent carbon 

layers, but typically not all the carbon layers are separated. Compared to the single 

carbon layer of graphene, EG can be considered as the intermediate product in the 

synthesis procedure of graphene nanosheet from graphite and shows the porous 

structure and high specific surface area [8]. Because of the low cost and easy synthesis 

of EG, the past decades have witnessed a rapid growth of research efforts on the role of 

EG in enhancing the thermal property of organics [9-12]. Fig. 1 shows the statistics of 
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open publications related to EG. It can be seen that the research topic on the thermal 

property of materials related to EG has been rapidly increasing for the past twenty years. 

In practical applications, EG is always in the form of either its original state or the 

compressed state. Many investigations have employed EG particles as the porous 

matrix to prepare bulk compressed EG block or as the supporting material to absorb the 

liquid organics and then be compressed into composite block [13-16]. In these cases, 

the individual EG particle would become a compressed ribbon-like graphite sheet in 

the resulting bulk material, which can be considered as the expanded graphite ribbon 

(EGR). Therefore, it is very necessary to characterize the thermal conductivity of an 

individual EGR. To our best knowledge, there have not been reports about the 

investigation of the thermal conductivity of an individual EGR untill now. Unlike the 

graphene nanosheet and carbon nanotube [17-20], EG is generally in an irregular shape, 

which makes it difficult to characterize its thermal conductivity. Typically, an individual 

EG particle obtained by thermal exfoliation shows a worm-like or fiber-like cylinder in 

the submillimeter scale [7].  
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Fig. 1. The statistic of publications related to expanded graphite or exfoliated graphite 

(EG) and thermal conductivity. The data is retrieved from Web of Science (by 

10/09/2020) and TS presents the theme subject. 

 

Challenges are still existing in thermal measurements of small-sized or 
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micro/nanoscale materials, even no widely accepted standards. Several kinds of 

experimental techniques have been developed to measure the thermophysical properties 

of the small-sized fiber-like and ribbon-like materials, including the steady-state 

method, 3ω method [21,22], laser flash method [23], the Angstrom method [24], 

thermoreflectance microscopy [25], and others like Raman spectroscopy and micro-

electromechanical system method (MEM) for micro/nanoscale materials [26-30]. 

Among these techniques, the contact method is commonly used to directly measure the 

thermal conductivity of an individual fiber, but the thermal contact resistance (TCR) 

between the fiber, thermocouple, and substrate is generally not adequately considered. 

As a steady-state and contact method, the T-type probe method, first developed by 

Zhang et al. [31], is especially suitable to measure the thermal conductivity of 

individual fiber- or ribbon-like materials [31-42]. However, the accurate 

thermophysical property measurement of individual micro/nanoscale materials has 

never been an easy task. One of the great challenges is how to determine the thermal 

contact resistance (TCR) between the sample and the temperature sensor [38, 42], 

which can sometimes cause large uncertainties to the thermal conductivity 

measurement. Li and co-workers [23,41,42] developed several Raman mapping 

techniques to determine the TCR between 1D materials. Wang et al. [35,38] modified 

the T-type probe method by adopting a variable-length technique to simultaneously 

measure the TCR and the thermal conductivity of a single carbon fiber. 

In this work, we present the thermal conductivity measurement of an individual 

expanded graphite ribbon (EGR) using the variable-length T-type method developed 

by Wang et al. [35,38]. In this method, the sample length is changed several times while 

maintaining the contact junction between the sample and probe to simultaneously 

obtain the thermal resistance of the sample itself and TCR. The thermal conductivity of 

the EGR reaches up to 335.6 ± 27.4 W m-1 K-1 at room temperature and decreases with 

increasing temperature.  

2. Materials and method 

2.1. Materials 
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The expanded graphite (EG) was generated from the graphite intercalation 

compounds (mesh 30, type KP-100, purchased from Shanghai Yi Fan Graphite Co. Ltd., 

China) by thermal exfoliation following the method introduced in Ref. [20]. The EGR 

was obtained by mechanically compressing the EG particle (perpendicular to the axis 

of EG particle). The maximum pressure was 20 MPa. 

2.2. Characterizations 

The microstructures of the samples were characterized using a Field-emission 

Scanning Electron Microscopy (FE-SEM, Sirion 200 instrument, FEI Company, USA). 

X-ray photoelectron spectroscopy (XPS) measurement was performed on a Model K-

Alpha instrument (ThermoFisher Scientific Company, US) using a monochromated Al 

Kα source and a pass energy of 50 eV at a base pressure of 1 × 10−8 mbar. X-ray 

Diffractometer (XRD) pattern was measured with a Poly-functional X-ray 

diffractometer (3 kW/*D8 ADVANCE Da Vinci, Germany) with Cu Kα radiation. N2 

sorption isotherm curves were measured using Gas Sorption Analyzer (24/Autosorb-

IQ3, China). 

2.3. Variable-length T-type method 

In this method, a hot wire serves simultaneously as a heater with homogeneous heat 

generation and as a thermometer [31]. Generally, the platinum (Pt) wire is used as the 

hot wire due to its good temperature-dependent resistance. As illustrated in Fig. 2a, 

three heat sinks are fixed on a ceramic substrate, two of which support a thin Pt wire 

and maintain its initial temperature at both ends. One end of the fiber-like sample is 

fixed on the rest heat sink and the other on the middle position of Pt wire by conductive 

silver colloid. During the measurement, the whole test module is put in a chamber with 

high vacuum lower than 3×10-4 Pa and controlled temperature. Before attaching the 

sample to the Pt wire, the thermal and electrical properties of the bare Pt wire are first 

calibrated to obtain the temperature-resistance coefficient and radiation heat transfer 

coefficient by applying a direct current to the bare Pt wire. The temperature distribution 

along the Pt wire would change due to the joule heating and alter to a stable state like 

the parabolic shape as shown in Fig. 2b. The convection heat loss can be ignored 

because the whole test module is installed in a vacuum chamber. Whereas the radiation 
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heat loss has a strong effect on the measurement results. Considering the radiation heat 

loss and conduction heat loss from the Pt wire, the average temperature rise of the hot 

wire, ΔT, varies linearly with the heating power, UI, (U and I are the voltage and current 

on the Pt wire, respectively), and the slope, kh, is obtained by [35]: 

h

h h h h

1 1 1 1
1

sinh(2 ) tanh(2 )
k

C b b b

   
= − +  

   
             (1) 

where Ch = lhπDhh, bh = (h/Dh/λh)
1/2lh. λh, lh, and Dh are the thermal conductivity, length, 

and diameter of the Pt wire, respectively. h is the heat transfer coefficient, calculated 

by h ≈ 4εσT0
3, with the surface emissivity ε and Stefan–Boltzmann constant σ 

(=5.67×10-8 W m-2 K4). Since the current (I) and voltage (U) are measured by digital 

multimeters, ΔT can be calculated from the change of electrical resistance during the 

Joule heating: 

o

Re
T

Re


 =                            (2) 

where Re0 is the electrical resistance of the hot wire at 0 oC,  is the temperature 

coefficient of the resistance, and △Re is the electrical resistance change from that at the 

initial temperature. With the thermal conductivity of Pt thermometer (λh) [45], the heat 

transfer coefficient of the Pt wire, h, can be determined using Equation (1). 

 

Fig. 2. Schematic diagram of variable-length T-type method. (a) The configuration of 

the test module. (b) Temperature distribution along the hot Pt wire before and after 

contacting the sample with length decreasing from l1 to l4. L represents the length of the 

Pt wire. 
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After the one end of the test sample is attached to the center of the Pt wire and the 

other end to the third heat sink, some of the Joule heating from the Pt wire leaks out 

through the sample. Since the width of the sample is far smaller than the length of the 

Pt wire, the thermal transport in the thin ribbon-like sample can be considered as one 

dimension, and the temperature profile along the wire is changed from the parabolic 

shape into the saddle shape (Fig. 2b). The solution to the one-dimensional steady-state 

heat conduction equation for the Pt wire and the sample gives the slope of the average 

temperature rise of the Pt wire with the attached sample versus the heating power: 

h
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           (3) 

where Rh is the thermal resistance of the Pt hot wire and sχ( )l  is the apparent thermal 

resistance of the sample. They can be expressed by: 

h
h

h h

l
R

S
=                               (4) 

s
s r s

s

tanh(2 )
( )

2
c

b
l R R R

b
 = + +                    (5) 

where, bs = (hs/Ds/λs)
1/2ls , hs is the heat transfer coefficient of the sample, calculated by 

hs ≈ 4εs σT0
3, Ds is the equivalent diameter of the EGR, Ds=Ps/Ss (Ps and Ss are the 

perimeter and area of the section of the EGR, respectively), ls is the effective length of 

the EGR, Sh is the cross-sectional area of the Pt wire, Rr is the TCR between the sample 

and the heat sink, Rc is the TCR between the sample and the hot wire, and Rs is the 

thermal resistance of the sample defined by: 

s
s

s s

l
R

S
=                            (6) 

The subscript s mentioned above denotes the tested sample. 

From Equation (3), the apparent thermal resistance of the sample, sχ( )l  , is 
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calculated from: 

            
h h h - hh

s

h h h h - h

2[1 cosh( )] sinh( )( 1)
( )

4 sinh( ) cosh( )( 1)

T UI

T UI

b b b k CR
l

b b b b k C
 



− − −
=

+ −
          (7) 

  Here, the basic concept of the present variable-length T-type probe method is 

illustrated in Fig. 2a, which shows that the contact junction between the tested sample 

and Pt hot wire keeps unchanged as the effective length of the sample is shortened. 

According to Madhusudana’s analysis of the solid spot TCR of a joint, Rr can be 

neglected compared to Rc because the actual contact area between the sample and the 

heat sink is much larger than that at the junction between the sample and the Pt hot wire 

[35]. Thus, Equation (5) can be simplified to: 

s
s s c

s

tanh(2 )
( )

2
  +

b
l R R

b
                   (8) 

When the effective length of the sample is shortened by moving the third heat sink 

toward the Pt wire, the changes in the average temperature rise of the Pt hot wire can 

be solely determined because Rc is constant. Fig. 2b shows the change tendency in the 

temperature rise of the hot wire for different sample lengths (ls). If the sample is 

shortened from l1 to l2 with keeping the contact condition between the sample and the 

hot wire unchanged, two apparent thermal resistances χ(l1) and χ(l2) can be obtained 

according to Equation (7). Assuming that radiation heat loss from the test sample is 

known, two unknown parameters, i.e. the thermal conductivity of sample (λs) and the 

TCR at the junction (Rc) can be simultaneously obtained by fitting the apparent thermal 

resistance at two different lengths using Equations (6) and (8). In this work, four 

different sample lengths were used to extract the thermal conductivity of test samples 

so as to improve measurement accuracy. 

2.4. Test system and procedures 

The sample holder is made of three silicon wafers and mounted on a homemade 

ceramic substrate. The Pt wire with a purity of over 99.98% is used as the hot wire 

about 30 μm in diameter and 8 mm in length. The temperature-resistance coefficient of 

Pt at room temperature is 0.00392 K-1 [35]. Compared to the Pt wire and the sample, 

the silicon wafer has a much larger heat capacity and smaller thermal resistance so that 
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they can act as heat sinks with a constant temperature. The conductive silver colloid is 

used to connect both ends of Pt wire with the silicon wafer. Then, the ceramic substrate 

is loaded into the vacuum chamber (Oxford Instruments, Optistat DN-V), which is 

continuously evacuated by a vacuum pump (R5614Y-Z, 1400 rpm) and a 

turbomolecular pump (Leybold TW70H, 72 000 rpm). The chamber is held at room 

temperature while a power supply (Advantest R6243) is used to supply various currents 

to the hot wire. The electrical resistance of the hot wire is measured using the four-

probe technique with two digital multimeters (Keithley 2002, 8.5 digits) and a standard 

resistor (Yokogawa 2792, 1). All the measurements were carried out in a vacuum of 

about 1×10-4 Pa so that the heat convection loss from the Pt wire and sample could be 

neglected. Fig. 3 shows the schematic of the experimental apparatus and the circuit for 

measuring the electrical resistance of the hot wire. The photoes of the main part of test 

system is demonstrated in Fig. S1.  

After measuring the temperature-resistance coefficient and radiation heat transfer 

coefficient of the bare Pt wire, one end of a long and straight sample (EGR) with a 

width of about 400 m is attached to the middle position of Pt wire and the other to the 

silicon wafer by using the silver glue as the adhesion material to minimize the junction 

resistance. Then, the substrate is loaded into the vacuum chamber again to measure the 

electrical resistance change of the hot wire with the attached sample. After one group 

measurement is completed, one silicon wafer attached with one end of the sample is 

moved toward the Pt wire to shorten the effective length of the sample. This operation 

is performed by dissolving the silver glue using an organic solvent to separate the end 

of the sample from the silicon wafer and then attaching it to the silicon wafer again in 

the next length. After using the silver glue to attaching the sample every time, the 

substrate is put into a vaccuum oven for heat treatment at 180 oC overnight to ensure 

the stable junction contact. Because the sample is contacted with the silicon wafer and 

covered by silver glue, it can be thought that the invalid part of the sample length will 

not affect the result. In this way, the effective sample length is decreased while 

maintaining the contact junction between the sample and the hot wire. This operation 

is repeated for all the sample lengths. 



10 
 

 

Fig. 3. Schematic of the experimental apparatus and measurement system. 

 

3. Results and discussion 

3.1. Morphology and structural characterization 

The microstructure evolution from the graphite intercalation compounds (GICs) to 

the EGR is firstly investigated and demonstrated as illustrated in Fig. 4. As the parent 

material of EG and EGR, the GICs composed of a great number of van-der-Waals-

bonded graphite nanoplatelets (GNPs) are obtained by chemical intercalation treatment 

of the raw graphite flake and show the compact lamellar structure with interlayer space 

in submicron width (Fig. 4a). After the thermal exfoliation treatment, the interlayer 

space is largely extended to several microns to obtain the loose, porous, and worm-like 

EG (Fig. 4b). That is due to the expansion of gas generated from the decomposition of 

the intercalation compounds during the thermal treatment. Microscopically, this process 

destroys part of the van der Waals interface between adjacent GNPs while maintains 

the rest. The reserved part makes the exfoliated GNPs be a complete entity, i.e. EG. The 

size along the c-axis (perpendicular to the plane of the graphite layer) increased by more 

than 100 times. The length of the EG reaches up to several millimeters, while its 

diameter keeps nearly unchanged and equals the diameter of the plate-like starting 
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material, i.e. the graphite intercalation compounds. Furthermore, the EGR obtained by 

mechanically compressing the porous EG becomes compact again and shows the 

lamellar structure (Fig. 4c). The compression operation maintains the length of EG, 

while the thickness is reduced to approximately 6 m. Interestingly, the whole process 

can be considered as the reconstruction of GNPs, that is, macroscopically from small-

sized graphite flake to millimeter-long EGR as illustrated in Fig. 4d. The interlayer van 

der Waals bondings between adjacent GNPs maintain the morphology of the resulting 

EGR. The EGR is three orders of magnitude longer and two orders of magnitude wider 

than the constitutive GNPs (Fig. S2). In consideration of the fabrication process and 

structural features of the EGR, it can be seen as a new graphite derivative. 

  The XPS result shows that the element composition of EG includes about 98.7% C 

content and 1.2% O content (Fig. S3a). The XRD pattern shows a sharp C (002) peak 

at 2 = 26.25 (the interlayer space, d ~ 0.335 nm) yet no amorphous peak, indicating 

the graphite lattices are perfect with few defects (Fig. S3b). Besides, the Raman 

spectrum presents the typical D band (appeared around 1350 cm−1) and G band 

(appeared around 1580 cm−1) for carbon material (Fig. S3c). The D band represents the 

disordered carbon, whereas the G band corresponds to the characteristic signal for 

graphite-like morphology for carbon material [34]. The ID/IG intensity ratio for EG is 

0.04, indicating the high graphitization degree. Besides, N2 adsorption measurements 

(Fig. S4) demonstrated that EG has a large specific surface area of 61.9 m2 g-1 while the 

EGR has a very low specific surface area of 2.06 m2 g-1. The N2 adsorption isotherms 

of EG exhibit unrestricted adsorption at high P/P0, showing typical features of plate-

like particles with slit-shaped pores [46]. 
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Fig. 4. Morphology of (a) graphite intercalation compounds (GICs), (b) EG, and (c) 

EGR. (d) The illustration schematic of reconstruction of graphite nanoplatelets. 

 

3.2. Thermal conductivity measurement 

Before attaching the sample, the Pt wire was calibrated to obtain the temperature-

resistance coefficient and the heat transfer coefficient of the Pt wire in the temperature 

range from 300K to 380K. The relationship between the heating power and electric 

resistance of neat Pt wire is shown in Fig. S5. According to Equations (1) and (2) and 

the intrinsic thermal conductivity of Pt wire (71.6 W m-1 K-1 [45]) , the heat transfer 

coefficient of Pt wire was calculated to be about 1.81 W m-2 K-1 at 300K. Compared 

with the bare Pt wire, the measured electrical resistance change (ΔR) become smaller 

at a certain heating power (UI) after the EGR was attached to the Pt wire as shown in 

Fig. 5. We measured the change of electrical resistance as a function of the Joule heating 

power. From the slopes of the ΔR - UI curves in Fig. 5 and the temperature-resistance 

coefficients of Pt hot wire, the apparent thermal resistance of the EGR was calculated 
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using Equations (2) and (7) to be 8928.9 ± 411.6 K W-1, 6934.8 ± 319.7 K W-1, 4741.0 

± 218.6 K W-1, and 3849.1 ± 177.4 K W-1 for the four sample lengths of 7.8 mm, 5.3 

mm, 3.4 mm, and 2.0 mm at 300K, respectively (Fig. 6). Here, the uncertainty of the 

apparent thermal resistance is estimated by: 

22 2 2

h h s

h h s

χ χ χ χ
χ  l S h k

l S h k
    

        
= + + +                

              (9) 

By nonlinearly fitting the four data points in Fig. 6a into Equation (8) with assuming 

the emissivity of the EGR to be 1 (εs =1), we obtained the thermal conductivity of the 

EGR sample as 335.6±27.4 W m-1 K-1 and the TCR at the Pt-sample junction as 

1570±373 K W-1 at 300K, where the uncertainty represented the fitting standard 

deviations. During this calculation process, the effective width of the EGR sample was 

corrected in view of the uneven width of the EGR sample along the longitudinal 

direction to improve the measurement accuracy. To further improve the uncertainty of 

measurement, the thermal resistances among the Rh, Rs, and Rc should match each other. 

The detailed analysis of thermal resistance matching is given in Supplementary Note 

S1. 
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Fig. 5. The changes of electrical resistance as a function of the heating power for bare 

Pt wire and Pt wire attached with the EGR sample in different effective lengths at 300K. 
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Fig. 6. The measured apparent thermal resistance of EGR as a function of effective 

sample length at (a) 300 K, (b) 340 K and (c) 380 K. 

 

For every sample length, other two measurement temperatures of 340K and 380K 

were set to obtain temperature dependence of two thermal resistances, i.e. the thermal 

resistance of sample itself and the thermal contact resistance. The total thermal 

resistances as the function of sample length at 340K and 380K are demonstrated in Fig. 

6b and c. By calculation, it is found that the both thermal conductivity of the EGR 

sample and TCR show the temperature dependence. With temperature rising from 300K 

to 380K, the former decreases from 335.6 ± 27.4 W m-1 K-1 to 254.8 ±20.8 W m-1 K-1 

(Fig. 7), and the latter increases only a little from 1570 ± 373 K W-1 to 1780 ± 243 K 

W-1. 
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Fig. 7. Temperature dependence of thermal conductivity of the EGR sample from 300 

K to 380 K. 

3.3. Comparison and potential applications 

Fig. 8 compares the thermal conductivities of our measured EGR and other graphite 

derivations from the literatures. All the thermal conductivities plotted in Fig. 8 are in 

the lateral or longitudinal direction. The room-temperature thermal conductivity of the 

EGR is higher than those of macroscopic EG paper, GNP paper, and some graphene 

papers or films [16,47-49]. Among these graphite products, the EG paper is fabricated 

by mechanically assembling a large number of EG particles and thus it can be roughly 

regarded as a stack of EGRs. The high thermal resistance between adjacent EGRs inside 

the EG paper results in a big difference in the thermal conductivity of EGR and EG 

paper [16]. The higher the lateral size of the EGR is, the lower the lateral spatial density 

of high thermal-resistance junction in the as-prepared EG paper is, and the higher the 

in-plane thermal conductivity of EG paper. The high thermal conductivity of EGR can 

be attributed to the original van der Waals interactions among its constitutive GNPs. 

The exfoliation treatment of the graphite flake destroys part of van der Waals 

interactions but also preserves the rest. The reserved part contributes to lower thermal 

resistance in the resulting EGR. This is the reason why the EGR has higher thermal 

conductivity than the GNP paper assembled from highly exfoliated GNP. 

The difference in thermal conductivity for the graphene papers or films can be 

attributed to the discrepancy in the sample preparation method and the uncertainties in 
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the thermal measurements [48-50]. The room-temperature thermal conductivity of the 

millimeter-long EGR is much lower than that of suspended monolayer graphene, 

mainly because the large number of contact interfaces between graphene nanosheets or 

GNPs inside the EGR introduces intense phonon scattering in thermal transport. 

Besides, the EGR is ~6 m thick and the flexural phonon modes are significantly 

suppressed as compared with monolayer graphene [51-53].  

The temperature dependence of thermal conductivity of the EGR agrees well with 

that of intrinsic graphite [2,54,55]. According to Umklapp's theory, the thermal 

conductivity of graphene nanosheet firstly increases and then decreases as the 

temperature rises [52]. For the low-temperature zone, the rise of temperature will cause 

the increment of quantity of phonon (or spatial density), which contributes to the 

increment of thermal transport capacity or thermal conductivity. With further 

temperature rising, the phonon-phonon scattering will become more and more 

prominent, and weaken the thermal transport capacity. Consequently, the thermal 

conductivity keeps decreasing. The transition temperature is usually below 300 K. 

However, for many carbon materials like carbon fiber, graphene paper, and 

nanostructured graphene, the transition temperature can be larger than 300K [38,39], 

because other scattering mechanisms like phonon scattering with boundaries, defects 

and impurities can dominate over Umklapp scattering [56]. 
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Fig. 8. Comparison of thermal conductivity from different graphite materials and 

carbon fibers. The test methods for every data are marked in Table S1 in Supplementary 

Materials. (TPRC: Thermodynamical Properties Research Center at Purdue University, 

Indiana, USA [54])  

 

Despite the lower thermal conductivity than other high-cost graphite derivatives like 

carbon nanotubes, graphene, and high-quality carbon fibers, this low-cost EG-based 

ribbon holds unique advantages in enhancing the thermal conductivity of polymer 

composites mainly because its precursor, worm-like EG, is porous and can be easily 

compatible with most organics. The single piece of worm-like EG particle is generally 

used as a building block to construct the macro-scale bulk graphite block or firstly 

absorb the liquid organics and then be compressed into a composite block by 

mechanical compression. Owing to the high pressure, each piece of EG particle can 

form an EGR inside the as-prepared graphite block or composite block that acts as a 

millimeter-sized thermally conductive chain. In this case, the connection interface 

between two adjacent EGRs contributes to the high thermal resistance junction [16], so 

the spatial density of such high thermal-resistance junction would mainly affect the 

efficiency in thermal conductivity enhancement. The longer or larger the EGR is, the 
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lower the spatial density of high thermal-resistance junction is, and the higher the 

thermal conductivity of the resulting block is. That is the reason that the previously 

reported composite blocks using nano-microscale graphite or graphene nanosheets as 

the building block always have the lower thermal conductivity enhancement than those 

using EG particles as the additives [16]. Based on this consideration, it should also be 

noted that the long-chain structure of EG should be retained as much as possible during 

the synthesis of composite block [16]. Besides, the thermal conductivity of the EGR 

measured in this work provides the indispensable parameter for the mathematic model 

of thermal conduction in composites, and this would offer an accurate thermal 

conductivity prediction and help to design highly thermally conductive composites. 

 

4. Conclusions 

In this work, we measured the thermal conductivity of an individual millimeter-long 

expanded graphite ribbon (EGR) using a variable-length T-type method. The EGR is 

obtained by mechanically compressing one piece of worm-like expanded graphite (EG) 

particle. During the thermal measurements, the effective length of the sample was 

successively shortened while maintaining the contact condition between the sample and 

the probe. By fitting the apparent thermal resistance for four sample lengths into the 

heat transfer model, we simultaneously obtained the thermal conductivity of the sample 

and the thermal contact resistance at the junction. The longitudinal thermal conductivity 

of the EGR reaches up to 335.6±27.4 W m-1 K-1 at room temperature and decreases to 

254.8±20.8 W m-1 K-1 with the temperature rising from 300K to 380K, much higher 

than most graphene paper samples and some carbon fibers. This work contributes to the 

rational thermal design of EG-based composites and provides a valuable reference on 

how to accurately measure the thermal conductivity of small-sized ribbon- or fiber-like 

materials. 
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