ADEME

THERMAL SUPER-INSULATION AND
BIO-BASED MATERIALS
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INTRODUCTION

 Thermal conductivity (A) is a material intrinsic property that estimates INSULATION THICKNESS FOR A THERMAL RESISTANCE OF 2 m2KW-'
its ability to conduct heat. When A is lower than 0,025 W m! K, 0 10 20 30  40(mm)50 60 70 80 90

materials are called super-insulators [1]. CUPER INSULATION i_‘_LLL' —
* Aerogels are gels in which the liquid was replaced with a gas. They -

have a very high porosity, low apparent densities and good thermal b J—‘—‘4—1—|
properties [2]. XPS | — |
 The aim of this work is to prepare super-insulation aerogels from nano WOOD WOOL J—‘—Ié—lé—‘—‘—l
cellulose. Structural, mechanical, and thermal conductivity properties MINERAL WOOL J—‘—‘4—‘4—‘—‘—|

were studied. 1 /) J J J / /) J J o

STRUCTURE OF MATERIAL
THERMAL TRANSFER IN INSULATION MATERIALS

_ | 1p—1) 3 el (T e e e e e e e e e e e e e e \
Mot = Agas + Asotia + Araa(Wm™K™) 0 ' NANO CELLULOSE AEROGEL |
» SOLID CONDUCTION (PHONONS) N e e e e e e e s -

NFCs AQUEOUS

pENSITY ) [ eas SUSPENSIONS
MATERIAL —

N— _—

. GAS C(‘)iDEUCTION (MOLECULES) ’-f'\
~~0 o RN MESOSTRUCTURED
s | CONFINEMENT -
EFFECT KNUDSEN [+ *, ° . 4 MATERIAL
. OPAQUE
THERMAL RADIATION (PHOTONS) - STRUCTURE

FREEZE DRYING OF NFC GELS

STRUCTURE W.R.T. CONCENTRATION o STRUCTURE W.R.T. SURFACE CHARGE

STRUCTURE OF VEGETAL
FIBER

CELLULOSE FIBER

| f\ CELLULOSE

| MICROFIBER
CELLULOSE
® NANOFIBER

SECONDARY WALL

P2 PRIMARY WALL

INTERCELLULAR LAYER

o $ 4
%-\éi‘p%;‘zxé;‘?
IR
=y SN 3

NFC 1% T°=-196°C NFC 1% T°=-20°C

PREPARATION PARAMETERS CAN TUNE THE MATERIAL STRUCTURE

o

ucose/monomer

RESULTS

“IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.. “IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..

2 4
* 0 0 *

. THERMAL PROPERTIES . MECHANICAL PROPERTIES o
S * 2 e
' ~+-T°=-20°C =+-T°=-80°C =+-T°=-196°C w o T° =-80°C -
L o (Kgm3) | A(MWmK?) : " o(Kgm3) 1  E (KPa) 1200 -
R 40 i ] Ny [ e ———————— m
2 s P " m 13 | 42,5:6,8 1000 -
- L8 == : B R 'I ____________ :
| - == |
5 SR e ! 24,26 + 0,46 " 21 ! 122,1£ 11,5 - L% :
B % ———— o i B Ao m e < 800 e -
= 4 - "a 35 1 497,61+ 62,2 o J/ -
B > ,” By e _: ____________ 5 //' I

'S 32 £ | 3 y [ |
e % - 42 1 843,7:78,7 | 3§ 7 -
= D30 e m=====TT R L S - /+ -

————— on
o = il 4 , . . 44 | 869,5% 103,3 S 400 /7 .
" H N ¥ m g ! L L7 -
M o - S~ 00 _a==T %‘ ™ ,/ B
- T —_—— S SUPER ISOLATION 2" 200 =7 .
: 24 bl Sl A< 25mWm 1K1 . _-e” -
O " o--""" -
] 22 Ny 0 . . . . . . . . . . u
L 10 15 20 25 30 35 40 45 50 L | 0 5 10 15 20 25 30 35 40 45 50 L
“ Density, p (Kg m-3) .. \g . Density, p (Kg m~3) ..
*. o* * o

..lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII“

CONCLUSION

We prepared nano cellulose aerogel materials with a novel method (Freeze-drying vs Super Critical drying) [5], [6], [7], [8].
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We showed that the freeze-drying parameters are controlling the aerogels structure (Films vs fibers) and their pore size.
We have been able to obtain competitive thermal conductivity values (0,024 W m! K1) [5], [6], [7].

The produced aerogel material have promising mechanical properties [5], [6], [7].

RE FE RE NCES [4] A. Bourmaud, “Contribution a I’étude multi-échelles de fibres végétales et de biocomposites,” Université Bretagne Sud, 2011.
[5] C. Rudaz, “Cellulose and Pectin Aerogels : Towards their nano-structuration,” Ecole Nationale Supérieure des Mines de Paris, 2013.
[1] M. Koebel, A. Rigacci, and P. Achard, “Aerogel-based thermal superinsulation: an overview,” J. Sol-Gel Sci. Technol., vol. 63, no. 3, pp. 315-[6] A. Demilecamps, C. Beauger, C. Hildenbrand, A. Rigacci, and T. Budtova, “Cellulose-silica aerogels,” Carbohydr. Polym.
339, Sep. 2012. [7] R. Gavillon and T. Budtova, “Aerocellulose: New Highly Porous Cellulose Prepared from Cellulose-NaOH Aqueous Solutions,”
[2] S. S. Kistler, “Coherent Expanded Aerogels and Jellies.,” Nature, vol. 127, no. 3211, pp. 741-741, May 1931. Biomacromolecules, vol. 9, no. 1, pp. 269-277, Jan. 2008.

[3] E. Cuce, P. M. Cuce, C. J. Wood, and S. B. Riffat, “Toward aerogel based thermal superinsulation in buildings: A comprehensive review,”[8] S. Gutzov, N. Danchova, S. |. Karakashev, M. Khristoyv, J. Ivanova, and J. Ulbikas, “Preparation and thermal properties of chemically prepared
Renew. Sustain. Energy Rev., vol. 34, pp. 273-299, juin 2014. nanoporous silica aerogels,” J. Sol-Gel Sci. Technol., vol. 70, no. 3, pp. 511-516, Jun. 2014.




