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(WXGH VWUXFWXUDOH HW FKLPLTXW GHY U pMDOGKYWW VR
GH OD FRPEXVWLRQ GH QDQRFRPSRVLWH j PDWUL

&DORJYLOB %HUWEODFISOBQW KL YDV (-RALOOGDXPH
& /IRQIXHW /RSH] &XHBVWRJQUHWLELVLIDWTLVVH

D,1g5,6 3DUF 7THFKQRORJLTXH $ODWO H3+DODWWHGHXUDQFH
11 ( $YHQXH 5RJHU +HQQHTXLQ + JULDBSHY &HGH]
FeO*' + (FROH GHV OLQHV Gf$0qV VS$YHQXH0 G\H &HODH[LY YU DQF H
,60%$16 $YHQXH ) $ %DUWKROGWDQFH/H ODQV +
H30DVWLFV(XURSH 5XH GH OD BPXRKEQUDQFH 3XW

Résumé

/IHV QDQRSDUWLFXOHV VRQW GHSYOXV GIH) GBTROWKWILVODOWHRQ BHV S
OLpHV j OD UpDFWLRQ DX IHX GRRQOWRHDWHU OX QR WLRG KHWAH.RQ GH QDC
OHV V\VWgPHV UHWDUGDWHXUV GHSDWDRMH F&RH PFR X\PH UBIOWBIS Q D
UHWDUGDWHXUV GH IODPPH XVXHOH G SORWMMW RDQQROHXDIRQDQFp
OH FRPSRUWHPHQW DX IHX GH SRQDRBRRSDWARFIRBW DQIWWE HW X GLp
SURGXLWY GH GpJUDGDWLRQ JDNHR|LIDMVOBIRLSBVWRRXOHME®D GH\
EDVH QRWDPPHQW GH SRO\PpWKDFUVROPW idWpH pPODVER\ODFH VI DAEQ GH
VRXV OfHIIHW GH VROOLFLWDWWRONVWEH UWHLgRIEIVUWORXOQOHXURQW
QDQRWXEHYV GH FDUERQH VLOLFHHYVWWVRQWPERR YV &GP GGHHW IR W V
FRPELQPHV j XQ UHWDUGDWHXU GROGKRNMEKDOMBD PBERIDLBR SSHV RE
SRXUVXLYLV HVW GTpWDEOLU X@HYPRWRAROM G IHS MXUPFHUHW DB G
QDQRSDUWLFXOHV GDQV OH SURWFMVIVXEY GH GpJUDGDWLRQ WKH

'HV HVVDLV GH FRPEXVWLRQ DX FDORQWP§WpMH QW pVH ZDORIW RHQPI1 O X H (
pPLY pWDQW DQDO\VpV SDU XQ MBHHFQRIHRPOIWUXpH GH FHUWWNDLQHV F
VXU OH SLF GH GpELW FDORULIOQVYWKHI GIWW HREVXHQWHN WHQQWHLIQ I
FRPSRVLWLRQ GHV JD] pPLV HVWHWD®H VYHP RHWIDHK PIX[SPRFDQLV
GpJUDGDWLRQ WKHUPLTXH GHV FRIFP SRV IGHBYVD GRWWRIDXCGXRBRDWpPpULL
GX ELODQ FDUERQH HVW HIITHFVOHM SRBIRWUWEQIRRHAD QW GIXWSRVLWLI
pODERUp

Mots clés QDQRFRPSRVLWHYV FRPEXVWLRRYRHOIVO RRGWYLVDWKR@DpU

 QWURGXFWLRQ

/JHV QDQRWHFKQRORJLHV HW GQD GAD QD QIRPD \G HlUQ HX W UGIISWPW HR W H G
XQ GHV HQMHX[ pFRQRPLTXHV PDMHXHOBRXAHY HY WHRF GHWpY YD QF p
GpMj SHUPLVY GHV pYROXWLRQV QWYRERMILWQHY @DI@W GXHpUBD VDC
OfLQIRUPDWLRQ OHV WUDQVSRUDMVEUIDIQM SROGRPDHYHSKRKXY R pSR(
FULWQUHV GH SHUIRUPDQFH GH QWNFWLRIV DXIDIEGLBLIVP WHRQW )
DPpOLRUHU OHXU FRPSRUWHPHQX V®pHALIHRDWLR QY SRRXNHHDOHV H
FKRL[ GHV PDWpULDX[ HW GHV DWG\GGPWHM W HAWHD Q 8 R WHHDXU[VVGH IODPP
OfLQWURGXFWLRQ GH QDQRSD WQWUFXQH \D S WXYHDW IDLH) DIX [GUR HH V
/TDOWHUQDWLYH DSSRUWpPH SBPWUBHNYQ DX RIS HVW E R QOWR/QBVRLHVH Q W

(#PDLO 'LGLHU &DORJLQH#LQHULYV IU



HQYLURQQHPHQWDO SDU UDSSR UMD \DX§& NAVW q®BIY VWD G RYWRQW H
FHWWH SUpVHQWH pWXGH /TREMGFMWLX GAH UFHOH WWRBPSRKWHPWQW
PDWpULDX[ FRPSRUWDQW GHV QDQRSDUWLFKOHV OGK UG @HYHQLU
FRPEXVWLRQ 3RXU PHQHU j ELHQFRP SRWH VW MAX G P DBVHM. FHD SRO\P q U
PODERUPYV GHV H[SpULPHQWDWLR®QV GR@WD @ WU UPDOUYPRWLRQ L
PFKDQWLOORQV HW OD FRPSRVIPPLRQ/GHVHAWORE QVWB\WH JCHWXD UW L F C
FRQWH[WH GH FHWWH pWXGH HAgVS U P Ip\OH ERHMD W E RI@ FGH.VVQYIQ RF F
SUpPVHQWpPH GDQV OD GHX[LqPHH VIO PRIQ W DG LW $HRVEMWNMUH HW O
REWHQXV VRQW SUpVHQWpPV GDQV DL R/QI FGHLMR Q Q W HI CPFRAGLOROQY P L\
OfpFKHOOH PROpPFXODLUH HV® LQWURGXLWH GDQV OD VHFWLR

1 3UpVHQWDWLRQ GH OfpWXGH

/IH SURMHW © 1DQR)HX 2

/H SURMHW 1DQRIHX > @ ILQDQBPWISOQUDOMSEH GDHRWHKHUFKH D
SRXU XQH GXUpH GH DQV

JTREMHFWLI GH FH SURMHW FRRQVLOWW $ DSSRIQWUHY JROYHUQDQW
QDQRSDUWLFXOHV RX GH SDUWLFRDWWULRKBW UIROQRHM H\R XAR PGHRW V
QDQRSDUWLFXOHV OHV PRGLILYDSVRGCQ\ \VEYW FIRJMHKR \PIPW VRHQGAR P SD L
SRO\PqUHV VHXOV RX GH SRO\PqQUHYPIWRPSRWWDGI/WBXVV VEHN |
FRQYHQWLRQQHOV ,0 VIDJIJLW pOPPHEWQW®WH GHRWSBUWU P H@R\E DD X
SRO\PqUHV FRPSRUWDQW GHV QDI RXDQRQ FXH IFR QN ISUXD BN UHYV
IODPPH FRQYHQWLRQQHOV &H SHURWI IGWM P FHORWU HEX\W pYRGHPRFH Of
SUpVHQFH GH FHV pOpPHQWVY DX VHHQYDEWP DWXULND D FAMQ RREN F
WUDQVIRUPDWLRQV HQ FRXUV GH FRPEXVWLRQ

'LIlpUHQWY SDUWHQDLUHV SDUWL,BLS QYW LWKN SIDRWLHRW D OOGH O 1 (
L QGXVWULHO HW GHV 5LVTXHVORRR{U GDERW BW® LGX SIDRWLHRWQ DO G H
GI(VVDLVY OfT(FROH GHV OLQHW \BX$OBXS OUIL BX$L & HDVWWpULDX[ H'
$YDQFpV GX 0DQV HW 30DVWLFV(XURSH JUDQFH

(WXGH GH PDWpULDX[ FKDUJpVY HQ QDQRSDUWLFXOHV

/H GpPYHORSSHPHQW GH QDQRFRPSBMLNMVHW @ PONE HFHGRPOWRGHYV OH)
GX GpYHORSSHPHQW GHV QDQRPDMRQIPMH V/ HD $ URFS\U LPMQPR/S D U W L
GLYHUVHV HW SULYLOpPpJLHQW $BI®WQMXODHVHFFHRQW XOWLREQI RO
WKHUPLTXH OHV SURSULpPWpV GEIDTUXLIGHHNH YD LDV LI DX H V@ HD KRP SRUWH P
GpFRXOH pJDOHPHQW HQ SDUWLH BXUEREERUBW@PHQW GH W\SH

/TpPPHUJHQFH GH OfLQFRUSRUDWLRY GHV QPDQW {DUMK]F SRIDWP ELDH \
FHSHQGDQW SDV UpFHQWH SXLVIWHI¥HWWOLBNYWERM\G DG GED U
FKDUJHVY FDUERQDWHY SUpPFLSL\WPY HRW QFW &0 DWHPH GHL V RRDQUN  V
GYDJJORPPUDWY RX GfDJUpJDWV GHQRBPWUEROHY SHYPDLVUHNHV !
SUPVHQWPV SDU FHV SDUWLFXQiWY OKLBRWUW\L KX OCEDH VLSROWLOH R
DFFLGHQWHOV GH FHV PDWpULSUpY HEWDERQWLSPYpMXWVRXMH SRWH
VLIQLILFDWLIV MXVTXfj OTpPHUJIGIDFD GRSQRMXMHXOHW\SHWQR R[\GF
DUJLOHV H[IROLpHV HW QDQRWXEM¥YWGE W ¥DQER QGH DRRRF ERSRYVLW
OHV VXEVWDQFHV PLFURQLTXHV Gp\VUETHIMW SE NV HIQIWH W B QLOH V V
QDQRPPWULTXH RX VXEPLFURQLTXWHAHQRRE SR P WHPW Q W | QoHUIM Q W \
RQW GYIDLOOHXUV SHUPLV GH RRRORWUFUH X\QS FBLU D F W BHR XWR QLIFV QD
SULQFLSDOHPHQW SDU LQKDODWLRQ

2EMHFWLI1V

/IHV REMHFWLIV GH FH WUDYDA®LMBQW GRARQRVEWULWQ GHYPWXPpHYV |
SURGXLWY HQ FDV GITLQFHQGLHHUHW 16GQ DOCWHLH HS OLHWY @ PpQYRDIDKU W

2



FRPSRUWHPHQW DX IHX GHV QDQRFRBIRFHVNXVp GHE RBYHPY D GID W L
PDWpULDX[ VRQW pJDOHPHQW GIiWDH®ORNF D QLY RHM. FRHUSIVSWR QG |
PHQHU j ELHQ FHWWH pWXGH XQHL®HWYLEORQWHQDRQWR RIS WD QR !
GIDOXPLQH GH VLOLFH HW GHV QWD QRW XEIHW HXH *“KYWERQH QRGIp Y
FRPSRUWHPHQW DX IHX DX WUD YQ® D\D GRHPIWYRLEH Q WIDEOHDXY H 3R X!
FHWWH DSSURFKH H[SpULPHQWD O HUHIFRRXWU ¥ Y ROV FRIG BOXWDMX. RQ P
DILQ GH FRPSUHQGUH OHV SKpQRFqQAWMBX GpJUDGDWLRQ PL

SpDOLVDWLRQ GHVY QDQRFRPSRVLWHYV

OLVH HQ °XYUH

'DQV OH FDGUH GH FH SURMHW DAH.W p\F KDDXQ &H. QW B 8 VG W R@DAW pp L D X [
'LIIXVLRQ &O0*' (0$ 'HV pFKDQWLQ@WRQNPGH GRPHQWLIR RQW pWp

PODERUpPV DSUQV GLOXWLRQ DVLMAW B OW[RQ EQ %l&Y FRGHRRYODQJH)
SURILO GH YLV XWLOLVp HVW EKQHSWRIQW @IUWRLY QR@HRY 2GHUFLVD
GYRSWLPLVHU OD GLVSHUVLR@ BH\K Q BEHR B DW B HFXPHW UXDE BRVH HV

3UpVHQWDWLRQ GHV pFKDQWLOORQYV

6XLYDQW OH SURWRFROH H[SPpULPHEWD®RLYDQWH GHY GRP ELDV
FRPSOpPPHQWDLUHY Gf$33 HW GH HOD G R SPDJWELRQXHD HWL OQLIF® RKWX BD O X F
VPOHFWLRQQpPpHYV /ILPSDFW HQYHURBRWPBQRDO r@/H HO D FIKODWDP HQ
WR[LFLWp GHV JD] HW GH OD SX\WVRQFH QB @GO PpWLILAXIXHY VR
/HV FRPELQDLVRQV SURSRVpHV )LIXWH U ROQW BSHIPVLVWER G GH pF
SUpVHOQOWpPpY GDQV OH WDEOHDX VXLYDQW
if GRPSRVLWLRQ GHV pFKDQWLOORQV 1IRWDWLR
3RO\PPWKDFU\ODWH GH PpWK\OH 300%
3005 ZW 1DQRWXEH GH FDUERQH 3008 + 17&
300% ZW 6LOLFH 3005 £ 6L2
300% ZW 6LOLFH WUDLWHPHOQWQAH VXUIDF30 R W\ OWL 2
3008 ZW GLOLFH ZW DPPRQLXP |SROBIKRUSKBMPH $33
3008  ZW GLOLFH ZW DPPRQLXP [SRO\ VSKDWH
WUDLWHPHQW GH VXUID(IgH RFW\%Q}?L%F%QS&% $33 7
300% ZW $SOXPLQH 300% = $D
300% ZW SOXPLQH WUDLWHPWIQOD GH VXU D B8 0B\ %0
300% ZW $SOXPLQH ZW DPPROQLWH SRO\BKRBVESKEO $33
300% ZW SOXPLQH ZW DPPRQLWH SROVSKRVSKD
WUDLWHP%QW GH VXUIDF?—I R AW\ @ésoibQﬁd(i $33 7
300% DPPRQLXP SRO\SKRVSKDWH 3008
Tableau 1: Description des échantillons testés

[+)

]

I+

$33

(WXGH H[SpULPHQWDOH

'LVSRVLWLI H[SpULPHQWDO

$ILQ GIpWXGLHU OJLPSDFW GH Y HED UIX I HXX G HVH pFR B RRULWDID R Q V
GH OD FKDOHXU GpJDJpH GH OD FRWPEROOWMLERRVGHPN LGRXOHR QW pWp
GH OD FRPEXVWLRQ GHV pFKDQW IPHVKQW W ROWF VB MWRPQ DRV S BBIpHV
REWHQXHV SRXU XQH PDWULFH GHX30UNYHQWH OH YV DELDHDHQWH)
HIITHFWXpHV HW OH GLVSRVLWLI XWLOLVp



2EMHFWLI "LVSRVLWLI *UDQGHXPV PHVXUpH!
&RPSRUWHPHQW DX IHX &DORULPQWUH GH 7THZOBYVRQpH WHPSV G BKDQWXRQ
&RPSRVLWLRQ GHV IXPpHV 6 S HF WWRORNWR BRR®EF HRRWUDMUL RO+ 8D &2 &2
,QIUDUHG 12 12 &+ IRUPDOGpPK\GH
$QDO\WHXU &260% PRGQOH [*"BFBGFHQWUDWLRQ HQ +&W K\GURFDU
WRWDX|[
), GPWHFWHXU j LRQLVDWLRQ GH IODPPH
723%=( &260% EDVp VXURBDFHQWUDWLRQ HQ 12 MW 12]
UpDFWLRQ GH FKLPLH OXPLQHVFHQFH
$QDO\WH GHV VXLHV 2SDFLPqQW WM UHMB ORY WWHW VRO LGFYDRAVLWDWL Y H
RSWLTXHV PHVXUH GH OTDWWpQXDWLRQ RSWLTXH
SRXU TXDWUH ORQJXHXUV |[GTRQGH
PRQRFKURPDWLTXHV
$QDO\WH GHV UpVLGXV "RVDJH GX FDUEJRQH 1RUPH 1) (1

Tableau 2 : Description du dispositif expérimental

/IHV HVVDLV GH FRPEXVWLRQ VRQWHU@GBOILMADUDNMRQFDQARWLBWYWSD
$SSDUDWXYV 8QH YHQWLODWLRQ BHX[ UDGR DWW IGIDRESRNW XH N:
XWLOLVpY SRXU OLPLWHU OHRQUDWRIUMGHS DDV RRVP EFXNQWIRXDWD FRP
JD] HVW DQDO\WpH DX VSHFWURPYWUH)ZQBEUBRRIOH j1GHNOBQDO\V
FODVVLTXHV

e 1| 2
ple ‘essai de combustion
(de gauche a droite : échantillon testé, calorimétre de Tewarson, spectrométre FT-IR)

5pVXOWDWYV

6RXV OJDFWLRQ GH OD FKDOHXUIHOIE B0OQY NV HXGIOWM FROW OHXU D:
VXLWH j OD VXUIDFH GH OfpFKP®@WXODRG VOPDEREUEMS BV UWEHYV UXS
FKDVQHV TXL LQLWLHQW OD G ¥SR\A\RQ UG X CPVIDMRpQ L DX YIUFRIURT XH X Q
VSRQWDQpH /fpEXOOLWLRQ Y EXYWHKQLVIHH SRFORQ HW MXO/ FRYj OD

WRWDOH GX FRPEXVWLEOH GLWSRXLEDWERDQ@V>0D@VHU GH Up

3DUDPqQWUHVY GH FRPEXVWLRQ

/HV GLIIpPUHQWHY PHVXUHY FDUBRWPURVWRIKWG BE W IOGIXHIVED HD X
OHV FRXUEHV REWHQXHV GH OD )LJXUH

LWHVVH PD[

ODVVH ODVVH| )UDFWL &KDOHXU G
)RUPXODWLRQVLQLW_D@pNLGX4OUHVLGfﬁ FRPEXVWLRQ B SALWH HQ
J J v N-NJ  ofP JPBV
3008
3008 17¢&
3008 6L2
300% 6L276

300% 6L2 $33

300$% 6L2 $33 |76

300$% $D

300$% $D 76

300 $BD $33

300% $© $33 76

300$% $33

Tableau 3 : Parameétres de combustion des échantillons



/HV IRUPXODWLRQV SUpVHQWH QW WGHYWW HPEY GIE3RUWLR® 600$ S
GIHQWUH HOOHV SRVVQGHQW X@ WEBRBV GXHJPLWIL Y HDXYHOROOH
WHPSV SOXV FRXUW ,0 DSSDUDWRUG pODRMDVR QG HQWDUED LFUH \X QD O
FRPSRVLWLRQV WRXWHIRLY OD $BPEHQFH BY$F3 RX \ATHI3BH SHUPF
GHV YDOHXUV pOHYpHV GH WHPSV GILJQLWLRQ

'LIIpUHQWHY FDXVHV SHXYHQW rWKHHU FHIVQFKWBIQ JSIRXQWYSGH WHP SV
HW QRWDPPHQW OD FKDOHXU GR UG B PIQDWAR ¥ KW MHQU D DE

Figure 2 : Chaleur dégagée par les échantillons en fonction du temps
/ITLQIOXHQFH GHV QDQRSDUWLFXQHVOD LEMIVINHGEHSIOM$38 FKDOH
S+55 ORUV GH OD FRPEXVWLRQRHMW IREZBWY YHHBDH SDIBSEHQWD QW

HQWUH ] N: P60 OD SUpVHQFHADWHRPH RWREWRQGAHE HQ PDVVLE
FH SLF GH 1RV UpVXOWDWY VRQWAKH HAF ROV B YR FTXIR RQW F
UpGXFWLRQ GH GX S+55 HQ SUpVAHEHAHPXHOWLGEB URDRYRWOVKLZDJL

RQW TXDQW j HX[ REWHQX XQH GLPDYMNWLRGH QDQURWXBHV] GH FDU
PRQRSDURLV ,0V RQW DXVVL PRQWUWWDTMWH I RHWWRH G WP MOXVEX W D L
GLVSHUVLRQ GH FHV QDQRWXEHVQDQ RWDHEM VDRFBIG GLVSHUVpV OD L
S++5 HVW GH VHXOHPHQW FRQWUBHFBSUXFTREH ERODY ®LVSHUVI
FRQVPTXHQW QRXV SRXYRQV SHGVERVIRD QRONGEWYHQYHRW SDV RS
DXWUHV FRPELQDLVRQV SHUPHWWHQMH\BW HG I¥PIOQMHU DIYBI¥FD @ QD J L
PD[LPDOH DYRLVLQDQW OHV SRXWQORWI ROB X@DWLARD jFREDP|
SRO\SKRVSKDWH IRUPXODWLRQ Qf

/D ILJXUH SUPFPGHQWH SUpVHQWH UN Y RILVT XAHYQ SRXQUF FOVH ¥ DAJLD Fp U H Q \
GX 300$ GH OD IRUPXODWLRQ Q fUHWW B®W HWR UBMODDNICROHAX UV OD
QDQRSDUWLFXOHV GDQV OD PDWULFB ®XRRAGEGMHHR Q UEHVORRKID Q W L
OD IRUPXODWLRQ Qf SUpVHQW DRQVSOXN ®@RQUK K6 I& HF FOPTRXNGUIH G H
/D FKDOHXU GH FRPEXVWLRQ REWB®XH DBLREOH OK B ODBVHVW N- NJ P
SDU .UHNHOHU HW DO > @ PD+VOHQ.DFFRWUGUPY HFRORWWpPFHPPHQW ¢
FDORULPQWUH > @ 7RXWHV OHWLUQNXNRRWD WD ROKD QHIXW GHV FR P E X
YLWHVVH GH SHUWH GH PDVVH &IE$H QG DX 08 K UG GRL G RWERDW LR
LPSRUWDQWH QJHVW TXH GH SRXOHHOWD LIQIPDYMXKUMHDEIDGGLWL
HW HVW REWHQXH SRXU OD IRUPXXPWQRQWHERQW H B DIQW G5 3.
GLPLQXWLRQV GH YLWHVVH GH SHWYWHLGHFPWNYHY VROMF SXRWD F
IRUPXODWLRQ j EDVH GH GH Y$®1FH WUDLWpPH HW G

$QDO\WH GHV JD]

/ID FRPSRVLWLRQ GHV HIIOXHQWD X FRXUVWD VP D GBREBXMWLRQ /HV
GH GpJDJHPHQW GHV GLIIpUHQWYV FFRRPB\R GIHYWHNV REMWH QR WD XX HQV H I



OfpYROXWLRQ GH OD FRPEXVWHR® S ©OFK B Q@LVDIORXHV G BDWD SURC
HVW UHSUpVHQWpPH VXU OD ILJXUH VXLYDQWH

Figure 3 : Production de CO en fonction du temps

'fDSUQV OHV UpVXOWDWYV RE\8HRWKGHODURGXFMQARD GHH &2 HQ IRQFYV
SRXU OHV IRUPXODWLRQV Qf WQUYGHQF®f G/ WHFIRGGHILP LQWHUYHC
GIXQH PLQXWH GTHVVDL (Q UHORQ@AL RQHNY HFF \WH X URR BSBR LW LR Q

+&W &42 +&121IRUPDOGPK\GHV HW VXLHV VRQW PHVXUpV 7DEOHL

Tableau 4 : Facteurs d’émissions des différents échantillons

'"HV FRQFHQWUDWLRQV VLJQLILFHDWHQHYUR QHIRFWREW FREDDMQO OR Q V
0f$33 3DU DLOOHXUV GHV WUBRKVY OH W &RFKRW. WRRQW\DVVRFLDC
R[\GHV QDQRPpWULTXHV 8QH YD ONXUFRWWDE P SRXEE&ADHSUpVHQ
VHXO &HFL PHW HQ pYLGHQFH GM\SIS\RHF HDYKXVUBpDFESQLY XD QW QF
OfDPPRQLDF LVVX GH OD GpFRPSRRQWRLR® GH GHIFROMW SOUHRGXLV
FRPEXVWLRQ GX 300$ 1RXV SRXYRUXEWWIGHEWLRID THK @D IUDFWLF
GHV R[\GHV QDQRPPWULTXHV HVW P @WLHW G HG Pp&IX BUR @XDOL W H

$QDO\WH GHV UpVLGXYV

D ORUSKRORJLH GHV UpVLGXV



JTREVHUYDWLRQ GHV UpVLGXV GHXBRPEXVRREW IREWDH GYNYVHQFH GT
FKDUERQQHX[ HQ ILQ GH FRPEXWNVR @ RUSIHWREGRINHY WEFHIXLWpV H\
RQW pWp REVHUYpHV HQ DFFRUGJDJ\L}QH@JMVR)HESKR)\QLW\LLCR@RQWR

3008 $Q@

300% 6L2 $33 76 $33
Figure 4 : Exemples d'aspects de résidus
6RXV IRUPH GDJUpPIJDWYV SOXV RRXFCRIH)VGGEHLYBBXYOHW ®F FBF SUpV H(
GH FRTXH VXUIDFLTXH VROLGH\SH g W ML GSR UM WV MD WIH W/ D IRUP|
GDQV OHV UpVLGXV GH FRPEXVWLRQDS WGpW F R WP XFR/EWLHRWQY p H
/ID GpJUDGDWLRQ GH OD IRUPXODWLIRPQWSpEDILYKBLEY jFRMDP
SRO\SKRVSKDWH IOBBBHTIR SUpVHQWDQW XQ IDFWHKR GHDWWpC
FKDOHXU GpJDJpH SOXV LPSRUWDXQQWH pWYLBKVPKNQWLHAHRBXFXHH EHD XF
YROXPLQHX[ TXH OHV DXWUHV pKKW/QWQOBRRNH VN VT XGLY LM WIX® H V
JpQPUDWLRQ GH FHWWH VWUXFWXUBHH [BD QR H DWIDEE REG $0QQ 8K F
GIDOXPLQH GH IRUPEPEWALBpH SDU GLIIUDFWLRQ FGHRWLWLRQV ;
FRUUHVSRQGDQWH DYHF OD VLOLNH XDGWRRFKOWHR Q HG PROW KRS KR!
VLOLFLXP 6LO HVW pJDOHPHQW j QRWHU WXR @ 1 5GHD O DbV HRPZ R \GLLWILUR
VLOLFH WUDLWPpPH LQGLTXH XEXPLF ¥*BQVKDYH FYLDWBQQLQH GH
FRQVpTXHQW OD FRPSRVLWLRQFPLMWUD EFWPIS RWHWPEQW ODY RUDVHU (
SURFHVVXV GH FKDUERQQHPHQWFRH®P EDXOVWDWQLFH ORUV GH OD

w
o
o
@
8
o

E %LODQ FDUERQH

$ILQ GTpYDOXHU OH UHQGHPHQW LEH @RIV HXQLESEY QWX UH ST pOpP F
HITHFWXp WRXW DX ORQJ GH ODVAKDWQGHE HF RONXQWUDWSERQV HQ F
OHV IXPpHV OHV DQDO\VHV VRQWORW Qp-ML ®XVQREM HERWHB Q FDU!
UpVXOWDWY GH FHV GLIIpUHQRWWPRRG QY EXWEBBYHDRQW UHS

PDVVH ¢ UHQGHPRHQW
PDVVH § PDVVH | 6XLHV | UHQGHR & [PDVV& IXPpHV
JRUPXODWLR( pFKDQV &2 &2 | +&W & WRWD UpVl & UpVLG
J J J J
300% QG QG QG

300 17& QG QG QG

300% 6L2
300% 6L276 QG QG QG

300% 6L2 $33

300% 6L2 $33
300% $D
300% $D 76
300 $®» $33
300%$ $®O $33 76

QG QRQ GpWHFWp
Tableau 5: Bilan carbone



'HV UHQGHPHQWY VLJQLILFDWLIM REW RPMPXBEWHQKXVFWRPNWTXOH SH
3RXU FHV YDOHXUV OHV LQFHUWH WX H5 H3/R LW HRKAQ LITKWIY U |
FRQVLGPUDWLRQ

3.3.6XU OHV pPLVVLRQV GH SDUWLFXOHYV

'HV PHVXUHV GH FDUDFWpULYVDWLRHYN P LYBIWVWER X0 HWVH XWVSWD G H
FRPEXVWLRQ RQW pWp UpDOLVEBDWDOHFRXUVV@GHMWHOSVBOIWWQ F{QH
VXLYDQW OD QRUPH ,62 HW XD LIS FRXIBOD W BOPNFDGH © '"HN
BUHVVXUH ,PSDFWRU & '/3, OHHGGYSRKLDYWIL PXR}MLDpWDGHY DpUR
VpSDUH OHV SDUWLFXOHYV SDUHWGDQ® HO M XILONO QG EHIX U/ TL@HHUWW L H
GpSHQG GH VD VWUXFWXUH VDK®HGWLMWYDHIW &B O fWHSOMNRBXU HV)
SDU VD GLPHQVLRQ GH FRXSXUp& PXWVRAHWMWH GSLPHISHLRQ FRUUF
DX GLDPgQWUH DpURG\QDPLTXH GHW ISP XWHF$8HWVRBDP 8W KM pGIN SR
pWDJH GRQQp

D $QDO\WH GH OD WDLOOH GHYLS BQWAIFKEMHI/HSDU OLPSDFW

/D GLVWULEXWLRQ GH OD WDLOX®HH®HF HYXWRWRND \O 4 \PD VREW B BV
UHFXHLOOLHV j FKDTXH pWDJH GB YOPLORSWDIFTMXHIXG H FFHK\DXTXH J L O W U H
OfpFKDQWLOORQQDJH 8QH UH SWpWHMWDWAL RIY V8 ROAVH[BSO H PGV HQ ¢
TXDQWLWp GH WRXWHV OHV SDSWEWXAMV /MVVXPYKTWDWVOTRBDW C
VXLWH SRXU OH 300% YLHUJH OH 300$/HWRQWMROWHWIXREWHQXV |
OfLPSDFW GH OD QDQRFKDUJH WXHWOD 13 QRGXIF QR @ 6 HO I XQBIW X U +
SRO\PqUH /H 300$ YLHUJH PRQW PR GOUH @LWHFU XK DXWLR@QHEU SO XV
GH JURVVHV SDUWLFXOHV TXH SRXJH Q) FODWU /M MBRE® FKD W:17 |
PDWULFH SRO\PqUH UpGXLW O D USMWIRSFHVLRY 6W HQ® \OMH G ISDV U L E X
SDUWLFXOHV DXmBH@&H®MWH GLVWULEXWLRQ GYDpWRGRIO GHXWYW HQ
SRSXODWLRQV GH W\SH ORJ QRUPDOHYV

E $QDO\WH PRUSKRORJLTXH j O IPUBH $IXRPLLAXRIV BRGH j )

/D PRUSKRORJLH WDLOOH HW IRR®© B XGH §RXU WALEK OHY SEVIVP qW U H
GpILQLWLRQ GH OD WR[LFLWpHG ¥XQHF 8 US\DLLF DFHX CBHR\K ) ®REPF K H O O H
DQDO\WHU OHXU PRUSKRORJLH @RHP LOTDFHU RIWRAR SOHT D S)RWFHL ®WD SSUR S
FDGUH GH FH SURMHW Of$)0 HYMUXOL ®IRPSBERBOBRIGHI IPHWEDUWLF
ORUV GH OD FRPEXVWLRQ GHV /GRIEMHFQM YV pHFKOQWFKPORYW GH
GLIIpUHQFHV REVHUYpHV DYHF OHW FHUDFWPQQRY L TXGIVO \ G p
QDQRSDUWLFXOH $ILQ GH SUBSSRISW LRN VS RKKD OWLID OR®WV \VpV SD
YLWUH RSWLTXH HVW XWLOLVpHH K @ [3 RS\B B EERHQ D WV HP MPUEDUDLQV LR Q Q |
SRXU OJLPSDFWLRQ 6XLWH | OD GR@EXMHXIORQ GHY BPRRODGIWW HX UV
QLYHDX[ LQIPULHXUV | VRIW BRBXHNVNGADQ\GHFHY PMWDWDLOOHV G
SOXV LPSRUWDQWHYV

'DQV XQH SKDVH SUpPOLPLQDLUHVjFRIPpOMKFBHHSDY GRW FOEVHUYpV D
RSWLTXH DILQ GH ORFDOLVHU OHWY $RAIMVDSSRRSHUNPWLR@LWH
FDUDFWpPULVDWLRQ RSWLTXH PW\DX PAHFSWRMERSHR QR RHE DAMRP L T X
pPFKHOOH GH ED®®P\DMP GMP 1DQRODQ 96 GH 'LJLWDO ,QVWUXPHQW\
OHV YLEUDWLRQV FHWWH $)0 BWWDEBRWWLTK s BIW T XIVROBGTXQH W
GHV YLEUDWLRQV

3RXU FKDTXH IRUPXODWLRQ WHVWRPEXSOXVRG XRQYWHYWPLWpBELVpV
FOLFKpV RQW pWp DQDO\VpV NAWLEHOY MWL IGHY OV KNEWDRG/ $ FH V
UpVXOWDWY REWHQXV j 071$)0 RRQW HQ FRXUV GH YDOLGDWL



/[LHQV DYHF OD PRGpOLVDWLRQ

7URLV PpFDQLVPHV RQW pWp DYDGRDW H RAUL QH[BDDRWXRQ GB OD
WKHUPLTXH GX 300$ 6XU OD EDVHOGYp WXGHAM HY{BYUDRWHWDV >
VXSSRVp XQ PpFDQLVPH HQ GHX[ pRROCS\MW DXYHH IS I XGHKX UH. BKRVRQV
OD FKDLQH SULQFLSDOH HW CHPKOW ISHOSORWK PEOIW KR{\FDRE&Q\OH
DX PR\HQ GTXQH pWXGH WKpRUVDXWH R SRV BOOD W XTX B TXRQOAXOD L
GH IRUFHV UpDFWLI 6WRRIDW DARR)F G TXH BH® UpDFWLR@WHWH UHSL
GHX[ TXH GHV UpDFWLRQV GEJLQDVSICOWLKRQR ED BpH FWHRU pVHQW D
GHV UpDFWLRQV GTLQLWLDWLRQLR/MH DXLWHKQHEBRXEBGKDLQH FUp
UDGLFDX[ HW XQH XQLWp PRQRPYUMXOW B@XE QMW NVGUW MV RWHPHQW L
DXWHXUV FRQVLGQUHQW TXH OMDEUBRVH S DD G®LF DRUPBHWRLIRQ \GH OL|
,QGPSHQGDPPHQW GHV PpFDQLVPHXHQW SR/ VWF L WRDXRQ LPSPLRWR L U H
FDUERQH FDUERQH DX VHLQ GH ODJEKDHQW L2QF OKNW WGD @QHO Tp
GLVVRFLDWLRQ D36 ORPUVRQSRQGDQW j OD FKDOHXW WFKDXIQHH SF
SRO\PPULTXH HQ IUDJPHQWV YR MIWLHOL YREOH YW EHXYHVRPBRW LP SR
OHV PRGQOHV GH S\UBRGVHIVWQLEFIBIXWH GDQV OD FKDD®IXHW SSMHUYRO
JUHGHULFN HW DO > @ FRPMH®WDQ@WDORKDMAARH BHY YSBRULODWLR
GpFRPSRVLWLRQ GTXQ SRO\PqUH QK LPWDISH X BHUUR DE OH RQVP B HW W
PQHUJpWLTXH HVW LQFOXVH GBQW DRIG QBRI SIDH PG XDHp HI[ISp UL P F
HVW HQFRUH GPEDWWXH GH QRVP MRXUM/ASGRBREWHORNV SRXW OH 30
VRQW DVVH] GLVSDUDWHY DOODQW S6H@ &HVNGLIIpUHQFHY VIH[SO
GHV SURWRFROHV H[SpPULPHQWDGH G\\ISpUGIQ WVQ WBRGVHDXWYDLVp SR
OH 300$ /TXQLIRUPLVDWLRQ GHRWRFIRQHW LRKWLHGWCBORIY XQH Q
OYDQDO\WH HW OJH[SORLWDWLR Q Q@M FHGRR@OW H WHQ @ HWL P XWKR G HV
RQW OD FDUDFWpPULVWLTXH GHVORNYBRX U RXQY QILQY IGHR/Q QHWPX@ W FI
QPFHVVLWpP HVW GIDXWDQW SOBW IQFDSRRMOEHW HGHQF B U ERIQGIVH P D W |
LPSRUWDQWH KpWpURJpQpLWp SKEMUFR55KG&RLORHVHAWLRRXU PRQW
WHPSV GJLJQLWLRQ SOXV UDSLGHVH®HSEDPVERGH GXHQDRIRUNRE 30
'LIlPUHQWHY FDXVHV SHXYHQW SQRGXLDKXWUHNW HXIGIMW ®MHFUHQFH C
GH FDSDFLWp FDORULILTXH @HWKRHU PLLFTLXHQ VP DBl G D¥GLRQH EDLVV
&THVW SRXUTXRL QRWUH pWX@EHURRBO VAN WF Lj VOWLIRGX K B PR \W L T X H
FDUERQH FDUERQH GH OD FKDLQH HOW IGH BSDH HUGHIBOBUSEH X[ QDQ
GH FDUERQH RXYHUWV OH /H MWW BDDIHWHPHQW R&LPLTXH GH SXU
QDQRWXEHV GH FDUERQH LQGXWMUGHIV Q@R WIXIEHY GIR FDHIER R F
VWDELOLVDWLRQ GH FHUWDLQHY DUPXYRBNQIHQ & DEQMRING 8D IR FD U
UHQGDQW DLQVL OHV QDQRWXEH® FXWUP OTHX B &G WV Wp D RWEHS W LE O F
DYHF FHV GLIIpUHQWY JURXSHPHQ@WDDFRPPKL ORQDO VX%JJpU@ ORI
PWXGH SRUWDQW VXU OD GpJUD GH SRIQ WIQHFBPERXGID@R SDUWLFXO
/JHV QDQRWXEHYV HW R QDAL W W X HF KORHLVWL VG GIXP QWU H G H
SURFKH GX GLDPqQWUH PR\HQ GH SDQW GRYQR SIDYLBDHXWX LQGXVW
FHOD D SHUPLV GH WHVWHU OXQ I@KHHUH IGH GOHD VFRIWMMVLRIQV g H E X W
OH JUHIIDJH HQJHQGUH XQ DIIRQESLY \UDPSHSEW VG X0 B 00 & DI XU
/TpPWXGH GH OD UpDFWLYLWp PKAPOTXHWRKY PRYWRGHYW) XPpULTX}
'H FH IDLW SRXU GHV UDLVRQV HMH G\HD MWOHPHSW GHH FFDFORFLMCH OD GLF
VIVWGPHV GRLW rWUH OLPLWpH RQOQW REMOLN pF X'Q HQRODL QN GH 30
GHJUp GH SRO\PpULVDWLRQ GH PRB®®HO HRL\S RN\HJGHQWHY HW D
UHVSHFWLYHPHQW SRXU OH QDQRWWXERFDOFXOVHRQW pWp HIITHFWX]|
ORJLFLHO>'0@/ EDVp VXU OD WKpRULH G I H®V LRWPF W)L7ZR GHIWH Q P 8 0@ A H
GDQV OfLQWHUIDFH JUDSKLTXH ODORIBSPDSDUGWRGNVRFLPpWRHpBFFH
IRQFWLRQQHOOH GYpFKDQJH FRBR WU pOD VEL RIQV FKHR\L M RI® DV pRQP VO G TR Q
GPpYHORSSpHV VXLYDQW XQH EDVH pOXRYDIOTKGPWERNEOWDLDOH | O
JDXVVLHQQHYV * 8QH pWXGH GHFSWXpBIPP VW LMDV XRIQ>HI@ D PRQW L
EDVH pWDLW VXIILVDQWH SRXUW pIpHPWY R W R QY LG X HS ROVCH @ Wa2H HW

T
DHg = c(T)dt + DHm +DHd +DHv DYHE OD WHPSpUDWXUH @GH FDBRBELWHDFPORJLILTXH
P

To

FKDOHXU ODWHOQWG GH AXYWDORXU GHDGYVQY B FIKID/OHRXQ FBW YDSRULVDWLRQ

1
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QDQRWXEHV GH FDUERQH IHUPp pBM @ TFRQQWRLUADWWHMR BW RGIW SRVLW
RQW HQVXLWH pWp RSWLPLVpHRQSK QR RBIHO P REXWL OIHAMD WILQ T FF

GH SRO\PQqUHV JUHIIpV VXU OHVDGLUJIXWHQWIWHS D R\RMNEMKQ PRGqOH
JUHIIp VXU XQ QDQRWXEH

Figure 5 : Représentation graphique d’'un des modeéles étudiés de PMMA greffé sur un modéle de nanotubes (11,11)

ouvert. L'image de droite permet de visualiser les deux liaisons dont les énergies de rupture homolytique ont été
évaluées indépendamment.

&KDFXQH GHV FKDLQHV GH 300$ D X WpRPFHPHPRBBI WD XSVWUp VXU
YJLIXUH OHV GHX[ OLDLVRQV RIGND RRHQWF ISGIE PHIW WO®PE HDLQVL G
PQHUJLHV SRXU XQ PrPH PRGqOH &HKOQ¥XDWGEHYWPDREWDRRLWDp VpSDU
GIREWHQLU OfpQHUJLH GH FKDRXQHGED WDUGEBVEHV' X/ \\DWqPHV p\
SDV HX GH FDOFXOV GH IUpTXH® PHpWpp @ E WHXE HH Q L\DRXRW U D\D Q W
GHX[ IUDJPHQWYV | OfpQHUJLH GXXPOR\EH\OW RBDWWMDXY HBVPR\HQQDQW

GHYV FRQIRUPDWLRQV HW GHV ®HEXIXQWLBW REVISRKXUUMHIBOWRQW Sl
VXU OD )LIJXUH

Figure 6 : Energie de rupture homolytique de la liaison carbone-carbone illustrée Figure 5 pour le PMMA pur et greffé
sur les nanotubes (11,11) et (12,10)

/JHV YDOHXUV GX 300$%$ VIpFKHOR QN>}HRRMD HFGIWTUH. H[ SO TXH XQH EDUL
GH N- PRO (Q PRVHQQH QRXV REWHOQ®RIDLKRH GOHUINH PRO Y
VXSPULHXUH GH FHOOH SURSRV pHWS B D OFX®D pHHYMHD QY ROI@ URY HV
UHVSHFWLYHPHQW HW N- P® OD YECRLGI@W WPLR @ W UROT X XQH GLIIp
MXVTXT] N- PRO SRXYDLW rwUuHJ REWE OXPHERXHW G DD RQ VXU
300$ HQ IRQFWLRQ GHV QLYHDXWGWDWNKPWHOHY RRROWWPGHV FRQIRL
YDOHXUV REWHQXHV SRXU OH 3W0j RHGIOIHVVRBDWHOLEH\O BRXKM OH 300
YDOHXUV VIpFKHORQQHQW HQWUHHW HWN- PROPRIVSHFWLYHPHQW

300% JUHIIp VXU OH HW OHUV PR\HQ@HYDORIQW UHODWLYHPHQ
/HV YDOHXUV SRXU OH PWO QYW RBHQV NQBRWKHPLTXH TXH SR
SXU RX JUHIIp VXU OH 0 DQ YHNAW $VMIHV LU I QU HIGFFEHV LY H j OD YD)

GYHUUHXU .DU HW DO > @ SDQWQ@®HRQWXEGH XWMKPRDELEHWD GH J
FDUER[\VOLTXHV JUHIIpV VXU GHV HDERRWX BHY CRX FHKLWDOGWS GHYV
'fDSUQV QRV UpVXOWDWYV LOHQ®H DOM BKWUDD\L VB MXOXOHIQPBHUJILH C
&HSHQGDQW GLIIpUHQWHY OLDNVEB\SVRPNV YRS CARXSONWE BOL QLW
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GpJUDGDWLRQ WKHUPLTXH GX 300$% pPDXYGHRQNRFIBERHQEBVUHYV
DFWXHOOHPHQW HQ FRXUV SRXUW HMWDXEL HAX W FLHM OpQHLUFH H&X '"H S
UpIOH[LRQV VXU GIDXWUHV PR GYDORWGIEIOW SR POEWRRDONW IH UH HQ Y

&RQFOXVLRQ

/ITLQWURGXFWLRQ GH QDQRSDUWLEN®BY GEMNMX WBH\G H/ \MWFPPHV G H
SRO\PqUHV DSSDUDLW FRPPH XQH O/fRLAHp G URE BIWYMR-OX GHI SOFDX U p D F W |
PDWLQUHV SODVWLTXHV 'DQV OHK FOB UAR BXR S WRINPHY W IDXR)HX GH
FRPSRUWDQW GHV QDQRSDUWLFNKOGN PRPWRVLWXRIQp ®HD \HI I DX H QW
GHV SDUWLFXOHV XOWUDILQHV p8HVHVpFHD O UMK GIRQ VX )Y PH W UL F H
SHUPLV GTpWXGLHU OYLPSDFW VXK OH GRP SR WHE@H®D WG H XG LIHp
QDQRSDUWLFXOHV j OYDLGH GTXXDDFDRRUISPSWUWLGHGWVSH [SHULP
UpDOLVpPHV GHV VLPLODULWDPV GIW F&QIp pMLH @ FHND FHH) DKHBRPISRUW HF
GIHITOXHQWY JD]JHX[ SURGXLW V[ H\Q GLH UDH IFRP EXVDWERQ RHDW pWp F
/TLPSDFW GHV QDQRSDUWLFXOHW DISHEDUBPIWLSE ®XV IRRFMRIRYY GH O
PWXGLpH /D IRUPXODW+R®330D6+VEIPEOH VH GpPDUTXHU GH OfTHQ
PFKDQWLOORQV HQ SUpVHQWDQWQXE@ IBWF X®H Up5/A. GO Y \K DDVEWR P Q F
YROXPLQHX[ 8QH GpPDUFKH GTpWDXE 6 DVERRHQDV BN X ® ESODTXpH D
H[SPULPHQWDO HW D GRQQp GH VSRV XDV QHWY ERIFDI.RDIQMAR Q V
DSSURFKHY GH PRGpOLVDWLRQ PRBQFXOMIHNXIRQW HOOS BXWHHW O
FRPSRUWDQW GHV QDQRWXEHV GHW DDERWHXEHWD BHKHLEDOERQ@H QH \
DYRLU GJLQIOXHQFH VXU OH SURHF$HVYEDQAH GhllpDGRQWIHR/QOLDLVF
LPSOLTXpHV GDQV OH SURFHVRRVGHR P 5 OGP UDIGEQWWR Q OLKBWRL T X H

SHPHUFLHPHOMWWUDYDX[ RQW pWp HQ SDHWHWIHWILR@D® H VG & DQWDOJ R K|

$15 GDQV OH FDGUH GH VRQ SURJHDPRBEQRDWQRFYRRORIHWYV 1%1
SURMHW Qf$15 1$12

%LEOLRJUDSKLH

&DORJLQH ' 'XSODQWLHU 6 &XLRCGBHXRKHVWEKLYDY /RQIJXHW &
% *HQVRXV ) &KHVQp ( 37KH ED®RWLXY B\ RIMpHER W RIREY
conference series YR O Qf

&KLYDV -RO\ & *XLOODXPH (UDMRRXUWLULHXHOHF&KDO ' /RSH] &X}
0 /RQJIJXHW & B6RQQLHU 5 'XSOBQVWIDHORSLOQWHUWURQWBLQL % 3L
,QIOXHQFH Rl FDUERQ QDQRWXEHVRRQ GHFRP SRAKIWLRY DR X |
WKHUPRSODVWLF SRO\PHU\QWHUOHDWDR®DO FRQIHUHQFH RQ ILI
HQJLQHHULQJ

$OH[DQGUH 0 'XERLV 3 3ROHPODQRFRRISR MILB LM SDUDWLR G
DQG XVHV RI D QHZ FQD\DWREPDWRULDOV

-XQ *DQJ /L :HQ ;LQ /L -LQJ <LQL ;EXLDR AXQIRAJI -XQ /L 4XQ )HQ
4LQJ 1XDQ /L &RPSDUDWLYH B6WXGRQ@M 3@OVKFRHIER ELF 0)X00 YWHLVZ D O O H

1IDQRWXEHVLQ /XQJV RI OLFH E\WDRW CDMWED FRKDO DVLVR\QL O ODY LU
7R[LFRORJ\

&KLYDV & 6DUDJRI]D / '"XFRXUMWLOXODEKPHDFp%LDQQXDO &RQIHL
ORGLILFDWLRQ 'HJUDGDWLRQ PRGV6VEEEWHPHHULRQ RABRILNXP
&LQDXVHUR 1 (WXGH GH OD GIW WHGO W WRh® MVKLIHRUP DXXHH X GH QD
j PDWULFH 300%$ HW 36 7KgVH GHSGITSQUHWHUVMIWQ YAHH ORQW

&RVWDFKH 0 & :DQJ' +HLGHFNHUWODNLH &@MBQLDKH(WKHUPDO GHJU
3008 QDQRFRPSRVLWHV ZLWK PRQWPROH ORGUREH G BYD\HDUHG F®
QDQRWIXEEBW $GY 7HFK
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.DVKLZDJL 7 'X ) :LQH\. ,KLHRGWK-. 50 %HOOD\HU 6 3 .LP +
) 3RO\PHU )ODPPDELOLW\ SURKRHFRWSRVLRIHYRDLRKUVQQDOH ZDO
QDQRWXEHV HIIHFWV Rl QDQRWRBH BWYRBQUVLRQ DQ& FRQFH

.UHNHOHU . 3 0 .OLQNH . XQVWVWRIIH

.DVKLZDJL 7 JODPH UHWDUGD QW RWKIEBIQEYPHRI QDKHRFRPSRVL
UHSRUW 1,67 *&5

.DVKLZDJL 7 ,QDED % %HKDYLFROWD R IGXWILRDUYKIDUWFP DO 'HIUDG
3RO\ OHWK\O OHVBRODRR\OBWH G 6WDE

ODQULQJ / 7TKHUPDO GHJUDGPWWK® FRINCIRON PHWKBDDQGRP VLG
VFLVVLRQ ODFURPROHFXOHV

6WROLDURY 6, :HVWPRUHODRGQH b, RehdtmdMpletutar Dynamics
Model of Thermal Decomposition in Polymers: 1. Poly(methyl methacrylate), 3R O\P HU

JUHGHULFN : - OHQW]HU & & KHMBDWNURLQMRODRML RU]DWLRQ IRU
GLITHUHQWLDO VFDQQLQJ FDORULPHWU\ - $SSO 3RO\P 6

6WDJJV - (- 7KH KHDW RI BBYVIDEDWBERQHM\ SRO\ Qf

IDXWHQEHUJHU & $ JHOQOHROBO]HRBUIRRREYWMWLEOH 6ROLGV 8
&RPEXVWLRQ SURFHVVHYV IDERUDWRULHV SHWU
KWWS Z7ZzZZ HVFKRODUVKLS RUJ XF LWHP Z] P GJ

OLQLVLQL % &DORJLQH ' XPHXS O®RWIDHU& * XIRBMD &XHVWD -0 /
& *HQVRXV ) & KONERAPStady of carbon nanotube reactivity, Nanofeu project:
what happens with nanotube fillers in case of fre (XURSHDQ 6FLHQFH )RUXP &DPEULCGC

+X + %KRZPLFN 2 =KDR % +DRPR«DGGRQVVWNLY 'HWHUPLQDWLR
DFLGLF VLWHV Rl SXULILHG VLREPDW ED@®FHG EDVERQLWDDRDWWRQ &
ITHWW

IDDFKDFKL % JHUULRO O ERFRIBH]O& X HWWRDL { O 8VH RI RIJI
QDQRSDUWLFOHY DQG RUJDQRF®@EWOWR\ LIPGE R Y BIHWUWKHIW B D G D\Q/¥F\ R
PHWKDFU\ODWH 3RO\PHU '"HIJUDGDWLRQ DQG 6WDELOLW\

/IDDFKDFKL $ )HUULRO 0 &RWKH] 00 /RSHY &XHWRPSDULVRQ RI '
RI ERHKPLWH $022+ DQL DOQXRUWQOHD WKHUPDO VWDELOLW\ DQG
SRO\ PHWK\O PHWKDFU\ODWH 3RWDPEHOLMIUDGDWLRQ DQG

'HOOH\ % HPMHMMWORQ QXPHULFDO PHWKRG VRW)\ VIKQFMQLR QKM I
SRO\DWRPLF PROHFXOHV - &KHP 3K\V

9RVNR 6 - :LON / 1XVDLUGHSHBRRHDWHWMSEWURQ OLTXLG FRU!
IRU ORFDO VSLQ GHQVLW)\ FOOOFKQOERWORQV3W\WULWLFDO DQD

%DVLXN 9 $ - &RPS 7KHR RDGRUSKRMWHUZEWKR&ORVHG (QG =L
6LQJOH :DOOHG &DUERQ 1DQRWXEWMHUYXH QI JA R ®F SOD\WPRQ V

9DQ .UHYHOHQ ' : 3URSHUWGHMSRWSRQ\RBVW YWHW U

&RQIRUWL 3 ) *DUULVRQ %XUH (GEPWXBRDQWEROYWURFWDGLFDO

SRO\ PHWK\O PHWKD F U\Otl2Wddl plgsicsleReGD WKRI® 3K\ /HWW

.DU 7 6FKHLQHU 6 5R\ $ . LKWHRHRMN]IR@®E VKDSH RI FDU
VLQJOH ZDOO FDUERQ QDQRWXEHV 3KY\)7HWW VWXG\ &KHP
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