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2. Experimental
2.1. Materials
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&%* A95GIFRIBHE®IFI8CBIIG=B;5 FI?9F J5B79 GD9FCA
9HOFBB8 5 AA DFC69C®BHB; 5H % N ,  K=H<A5;=7
5B@GD#B-B; %+ GD=B=B;:FEIOB7’/M ?N ,9HF5AH<NG@5B9
K5GIG985GF99PRB79:CF DDA

Composites Part BXXx (XXXX) XXX-XXX

( &%* A95GIFRAIBH®EIFIDIFCFA98CBS FI?9F J5B79 !l GD97
HFCBHIOF C®FKHB; 5H % N , 5B8 5H5 GDZB-B; F5HXC:
? N K=H<A5;=7 5B,@%D+B-B; FI?9F DFC6%958EI=DDI&K=H<
AA % + 5@9IH@MIFIIGI8 L DIFAIBHGE5JI9 699B 75F=98CIHIG
=B; 7FCGDBG@ 5MB=CB( ( 69751G9C: H<9@CBFI@3H=CBI=A9
C: H<D<CO<TIGBI 7@9= G K=H< <=;< DCKIRB=D@5897Cl
D@=B({ (' =B5EI9CIGG@H=CB K5GIG98 5GF99PB79
:CF DDA

2.5. Thermalanalysis
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3. Results and discussion
3.1. Fire propertiesof PBS/PIC/APP formulations
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3.2. Investigationof the masslossand temperatureevolutionduring MLC
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(+ (¢ (( <539 5@5MG@CKIADIBHIFIGI<5BH<CGA95GIFI8=B
H<975GL:(+ (( =9(+ ( (( ., 9EIB@G S J&(+ ((
9EIS@G S 5B8(+ (I (( , 9EIS@G S JG(+ (( , 9EIS@G

s

<9GOFSGI@MBEIBTIH<EH<TT<SFC: (+ (I (( =G\CF99:W'=9BH
H<SBH<SIT: (+ ((  =BHOFAC: <95HB5FF=9RHG-9EH=J9@CKI5HEB;
F5H®B 89FH<97<5F@9586(5 @CKW97CADH=CB5HE: H<DC@WF
K<=7<75BILD@5+B9@CIO ** 5B8,* <9 :CRA5H=CB:7<5F=G-9
@5HI8C5 GEF=9E: 7<9AT5@ B H=CBEB8 GC H<9=B9G5 H=CE: H<9
7<9A75@CADGSH=CB: H<97<5F8IF=B; %$ HIGKCI@8<9@IB 89F
GH5B®B; H<9A97<5B=G/C: 57H=CB: H<9GBIKC.CRl @3=CB&9F9:CF9
H<9BIL HD5FHC7IGIGCBH<IBSHIFIC: H<97<5F5H8=:9FBHGHS;ITC: H<9
%$ HIGH

3.3. Investigationof the chemicalcompositionof the char by solid state
NMR

,<9 7<9A5@CADGCEH=CB: H<97<5F5H3=:9PBH0$ GH5;HIGKEG
=B9#;5H981G=B; GC@&#5H* <9 7CE>=8F98BI7@%BF9 ( 5B8
<9 FIGHB@7<5FAKIF9 7C@97HIBHH<FIB=:9FRBHGH5;9G: H<9

%$ HIGH9 = 5H GK<9B H<97<5FGH5FHSRC.CFA == 5H G
K<9B H<97<5F=G5H5®=N98==5H GK<9B H<%95H-9@95GHHSB9
7F95G98

3.3.1. Characterizationof 3P NMR

<9 %+ ( GDFFE:(+ (( 5B8(+ (1 ((

5FODF&G9BH98B =; IHK5G:CIB8 H<5I8IF=B; H<9GC @&8i5H36*

91 D9FA9BH H<DF9gB79C: D<CB<CF=57=8A5M 75IG99LD @&-CB: H<9
FGHCBIF=B; H<9FEH=CBBH<IDFCE69K<=7<A5M 75|GOGI9IFIB5A 5;9
HH<DFC6Q=GCIGD<CB<5HHF5DDY8BH<I<5F/FBHIG DFIGIFICB
H<FEHCH5DK<=7<=®>97H98,<IG H<97<5F&9FIK5G<98K=HK5HIF
5B88F=98B89F S :CF < DF=CHG%9 5B5@MN9IB@VHKCG5AD@9G
(+ (( GH5:95B8(+ (( GH5:9 KIFI5BE@MNBEHEIHK5G<B;
5B8 H<IG75B69 7CADSFOK=HH<IG5AD@EHIH<K5G<B; =;

9 :CFOH<9%$ HOGHI<9% + ( &%* C:H<OIB 6IFBI8 (+ ((
5B8 (+ (! ((  G<CK985 8Cl6@9BH * DDA 5B8 ' DDA
K<=7<5F95@=BOHQ ' =BH<9(( 3 4 ,<9 G5AI7<9AT5@<=H
C: H<D<CO<EFIG:CFBI5H(( =GC6GIFI&-B75HB; H<5BC7<9AY5@
F®7H=CB:(+ CK(! C7IFF98K=H<(( 8IF=B;H<9DFCIGEB; ILHFI
G=CBB8 7CADF9GB; AC@8B; H H<9GH5;9 G CFH<9 + ((
5B8 (+ (! (( K5G<98G5AD@96 6FC5865B8 79BHIFI&H DDA
=@CBGIFJ98,<=G65B8 75B 69 5@ =;B98HCCH<CD<ORE5HI@D=B?38=H<
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5@=D<5HECIDG5B8 CFCH<CD<OCSCF=37=83 4 <9 G<5D9
5B8 H<9K=8H<C: H<965B8 =B¥5H9G 8=GBIF98 GHFHIFIGI; ;9GHB;
5 ;@5GEVDB9<5J=CF H H<9GH5;9 G CF(+ (( 69G=898<9
65B85H DDA 5 B5FFCKG<5FB5B8 K5G:CIB8 5H DDA K<=7<75B
69 5@&G=;BOHCH<q ;FCID A=;<H69 CH<CD<CS5H®=B?%8-HOG
H9EFCIDG 3 4 (+ (¢ (( 9L<=6=Hz=A@D5HKC65B8GH DDA
5B8 DDA 6IH H<®%5B85H DDA G<CKG X5HH9B9895HIF9 K<=7<=B
875H9E<5H<CH<CD<OS5HIE5M 69 @9I@BIFI8H<5BH<CQO: ( +
(¢ H H<9GH5;9 G CF(+ (( H<9HKC65B8GGH DDA 5B8
DDA 5FOGH=B@EDFJI9®IH IB @=19<9GH5;9 H<FFH=GIHKI9BH<9
65B85H DDA5B8H<%5B85H DDA 7<5B;98 :FCA GH5;9
HC GH5;9 CF(+ (! (( H<%5B85H DDAG<CKG ACF9
X5HHOBO895HIF9 ,<9 WB5@<5F®&: H<OGBIKC.CRAI @3=CEEF-G9BEBB@M
56FC585B85H DDAGI;;9GHB;5 8=GRB9F98GHFHIFY@=2;@5GEVID9
GHFHIF9
-B HF95HIB85AD @ 9G<CK988=:9FRBH69<5J=CHH<5BK5G<98CB9G-B
%+ ( GDHF5 =; CF IB HF95H98<5FC: (+ (( 5HGH5;9
5B8 GH5;9 H<F9%5B8GK9F9 DF&G9BH98H DDA ' DDA 5B8
DDA $=?H<K5G<98G5D@9B8<H5B85H DDA75B69 5@E=;B98
HH<CH<CD<OBCF=57=8B8 CFCH<CD<CR5HYCIDG@=B?%83H<9
5@=D<5HETIDG ,<9B H<%5B85H" DDA ASMDCGE@KBP 5G&=;B98
HCOH<9DNFCD<@ix5H9FCIDG5B8 CFCH<CD<OS5HI@=B?38CH<95FC
A5H=7,FCIDG 8=D<9BN0) CFH<CDB«GE%B8 HFB<9BMD CFH<CB«HEHE9
3 4 HK5G:CIB8 H<58:HIK5G<B; H<%5B85H" DDA 8=6D
D95F98K<=7<FJ95@id<51EB @A 2FIIDNFCD<@5HICIDGKIFIDFC
81798 ,C 5HHF=61H9<%5B85H" DDA H<9D<CB<5H98<5HCB15=B
5G=q CFAI@HB@Q @=B?¥&HD57<CHIFGFIBCHISGC@CKG
=; =) D<COB<5HH<5H5G5 G=q" D<CB<5HH<5H
7CB15=BGB96F=8;98 CLNPB D<CB<5HH<5H5GHKC6F=8;98
CLNBB 5B8=J ) D<CB<5HH<5H5G5 F5AWIBGHFHIF9K<=7<7CB
H5=BBE<F9%F=8;98 CLNBB ,<IG H<965B8 5H " DDA 75B 69 5G
G=;BOHH<D<CB<5HEB5) GHFHIF93 4 H=@CHACH<NH<5H<=G
65B8 =®BFC58K<=7<=B5H9B<IGHFHIFIC: H<9GB<CB<5H9&6F98=G
CB9F98
/=H< H<9=BCFRA5 H=CBF(J=89856CJ9 H<®JCaH=CB: D<CO<EIG=B
(+ (( 5B8(+ (! (( 8IF=B;%$ HIGF6B69 7CH@1898,<9 89
7CADGGH=CB: H<9A5HHI9FECFA98) GHFHIF9CH<CD<OS5HI@=B?98
HG@=D<5H=CIDG) GHFHIFODNFCD<@x5H9E<5C BCHO=BR=H<
5F@5H=7FCIDG5B8) GHFHIF9D<CB<5H9G<9B H<9 GHFHIFOCF
H<CD<C&5H9E<5HCB{5=B98 ( ' GHFHIF9K5G:CFA98 +DIY=5@ @M
5HH<=GH5;9H<9%65B8 C: H<9ICH<CD<OR5HI@=B?¥=HH<B@=D<5H=7
FCIDGC: (+ (! (( =®FC589BB8 ACFIX5HHIBISH<5BH<5GIT: (+
((  K<=7<G<CKGEI<5H<*=BCPBGH=CB:(! =BF95GI9B<B=GRBIFC:
H<ID<CB<5HEBDI7=98=G8=GBIFI8GHFHIF9=B=75H9E8<3CR5H=CB
C:5 ;@5GEVDGHFHIF9 K<=7<75B 69 5 FOS5CBA<5HH<9(+ (I  ((
<5G69HHIFDIFCASB79 H<5B(+ (( =B%$ HIGB 4 =B5@@DBQ@M
H<9CH<CD<OB5H9E <5 =B?3¥8=-HH<B@=D<5:H=CIDG5F9:CIB8 =B
H<B5@<5F

3.3.2. Characterizationof 13C NMR

<9 A5;=7 5B,@WGDEB=B; % + GDHFE: (+ ((
(+ ¢ « 5FIDFGIBHOSB =;

9 :CF9 H<OWF9HIGHBO5H(+ 9L<=6=HCIF 65B8G5H DDA

DDA DDA 5B8 DDA ,<9 65B85H DDA =G&=;B98

HCH<9 =BH<96IHMR9BD5FHH<5BF9BCHCIB898 HCH<9CLNBB
,<9 65B8 5H DDA =b&=;B98HCH<9 C: H<9GI77B5HID5FH
,<9 65B8 5H DDA =G &=;B9gHCH<9 C: H<96IHMD9BD5FH
5B8 H<965B8 5H DDA =& &=;B98HCH<975BCB C: H<975BCBM@
;FCID 3 4 /<9B (+ K5G6@9B89&=H<(( 5B8 (! H<9GECIF
65B8GG<CK98H<9G5A9 7<9AT5@5<=:HGBI95H + <9B79=H/CBNFAG
H<5HH<9FSGBC 7<9AT5@B195/H=CBIF=B; H<ODFCIGEB; &95H(!
DF&9BHSEB C6J-CIG 65B8 5H DDA K<=7<75B 69 5@&=;B98HCH<9
75BCBH9FCID 3 4 'HDF&GI9BH& G 6FC5865B8 69HK99B DDA

5B8
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Fig. 5. +C@GH5HI6* %+ ( GDHFE:(+ (( 5B8(+ (I (( :CRAl @5=CBE@97HE8B=:9BHGHS;L: H<P6$ HIGH

5B8 DDA K<=7<75B 69 5@=;B98HCH<975BCB C: H<9=GCE=89
:FCID

CFH<9G5/D@%H G G  G5B8 H<OMBS@<5F H<OFSG
6FC5865B85H DDA IH75B69 5@=;B98HAB G5H5HIF5BCB

5F@SH=FB8 DCIEFA5H=TGD97=98 4 ,<=G65B86975A9 ACF9

5B8 ACF9=PHIBGR=HH<PIC@H=CB: H<H=AIK<=7<=B=5HH<513B
5FCABHNIH=CB7/IFF=B8IF =B; H<QCR5 H=CB: H<97<5F 6FC5865B8
K5G5@GCIBS 5H56CIH DDA K<=7<75B 69 5@=;B98HH<B@=D<5H=7
75BCBG 4 CF(+ (( 5B8(+ ( (( H<OMBG<CKISG=A@SF

&%* GDUF5K<=7<=B=75HIGI<5HI<e=FCPEH=CB: (I <58 BC
G=B=5BH/<5B;9 CBH<I7<9AT5@CADGSH=CB: H<%7<5F

3.4. Thermalsstability analysis

Fig. 6. &CA9B7@HFIC: H<®B=:9FBHHMDIG D<CB<5HY ,C 1B 89FGH5BBI<9897CADGEH=CB9<5J=CFC: H<98=:9FRBHCRAI @5
H=CB&B8 H<9:CRA5 H=CB: FOG#B@7<5F H<OR5@QGHE-@HN: (+ ((
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Fig. 7. +C@EH5HI6* %+  GDUAFE:(+ (( 5B8(+ (I (( 5HB=:9FIBHGH5;9

5B8(+ (I (( 5F95B5@MNEBSIFH<OFATL=85 <9 H<9R5@GHE=@INI: BOSH + 5B8 H<9:CRAl @3=CBIG=H<588=
H=JJCB=H=CBB H<=G5FH C:A5GG@CGG =GCHE=8F985GH<9  H=JO(B 89F H<OFAC|=85H=)F CBH=CBGG=BIG:5HI86M, =
GHSEBt C: H<®B9;F585H=CB (( 9L<=6=HEHKCGHIBY7CADGH=CBFC79G&9 WFGBHIBE5B;9G

Fig. 8. ,<9FA5@89;F585H=CB: (+ K=HH<%88-H=J9IB 89FH<9FACI=851=J9CB+H=CB S A=B =F
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‘FCA S HC S K=H<$S A5GGRCEG 5B8 H<=@5GG@CGEGCF
FISDCB8BH<FIDI5ER K5HIBBB8S5AACB=53 4 %95K<=@% 7FCGG
@=B?98"' ( GHFHIF9:CFA98 6M 9@=B5H=CE: ' 69HK99B( '
;FCIDG 5B8 H<9GO ' ;FCIDGK9F9FI@95GCG®H<NICAH=CB: &
,<9 G9TB8GHI9B5B;9 :FCA S HC S K=H<$S ASGGCEG
75B69 5@&=;BOHH<F IR 95E& D<CB<CF=37=83 4 'H=@CHRCF
H<MH<5HH<IFIG=8IL: (( <5G@CIGHE=-@HMH<=;< HOADIBHIF9 ,<9
FOG=8IA5GBI7FI5GIBCBH=BCIG@MCA 5H S HC 5H

S

,<9 897CADCGH=CE: (+ =BC@J98KCGHIDG DFC79GE39 WFGH
GHO9B5B;9GFCA S HC S K=H<$S ASGGRCEG ,<=GGH9D
=CbHHF46198 HCGBIDC@WIF=NB=CB: H<9(+ H9HF58NCI F5B5B8 GI7
7=B=8BB<MBF=8%BF9H<9A5=B897CADGH=CBFCHFHG 4 ,<9 G9TB8

GHODFCA S HC S =@H<9:CFA5H=CBB8 H<989;F585H=CRE: 5
HF58=9BH5F (!  9L<=6=H&GEKCGHIDER7CADCEH=CBFC79GB<9

WFG9;F585H=CB5B;9GFCA S HC S K=H$5 A5GGCGG
K<=7<=G&=;BOHUH<BIDC@WF=NB=CB: (! 3 4 ,<9 G9TB8GHID
K5G:FCA S HC S K<=7<=G&=;B9HEH<aCRA5 H=CBB889;F5
85H=CB:5 HF58=9BH5F (+ 5B8(! 9L<=6=BCFIG+B@7<5F5:HIH<9
9LD9FA9BH

/<9B (( K5G=BCPG5H9&BHC+ H<9F8FOHKCGHIDL3897CA
DGGH=CBFC79GB H<OWFGBHIB-FCPGH=CB: (( 5779@5H9GI<9
69;=BB=B; C: H<989;F585H=CB =G@CEFI986M S =B7CAD5EGCB
HMB95H + ,<9 WFGBHIB5G C: A5G CEBE=7<75B69 5&=;B98
HH<9897CADCEH=CB: H<9(( 5B8H<99DC@W®F=NB=CB:(+ ,<9
GI9TB8GHIR5G69HK99B S 5B8 S 5B8=GG&=;BO9HH<9.CF
A5H=CBB8 H<989;F585H=CE: HF58=9BF5F !HG<CI@89 A9BH=CB98
H<5B:HOF S H<FIGHB@7<5FC:(+ (( K5GBCHGHHE@%B8H<9
ASGC: H<F9G=8I9CBI=BCIG@887F95GAGCA 5H S HCCB@M

5H S /<9B (! =G-BCPBG5H9&BHC+ 5B8 (( H<9F®F9

GH=@X@897CADGH=CBHIDGE9 S =@BCH\C8W987CA
D5F98HCH<5KE: (+  (( S CK 9J9F H<9A5GG@ C@&GH<9WFGH
GH9BG  K<=7<=G ACF9H<5BH<5KCEH5=BI&=H+ (( H<IG
5HH<969;=BB=B; C: H<9G9TB8 GHIMH<IFIGIB@ASGQC: (+ (!  ((
=G @CKHH<SEH<5KE: (+ ((  ,<=GFGI@BG<CKGEI<5H<I7<5FM=9@8
Ci(+ (( =G=<9FH<5EH<5KC:(+ (! (( 8IF=B;H<9CR5H=CB:
7<5F <9 7IFJ9 C:(+ (! ((  :CFA985 GH958MI@5H9BIEH< C:
FI9G=8I9CA S HC S ,C IB89FGH5BA<FC@® (! =BH<9=BI
A9G/9BHCRAI @3=CH! (( K=H<%FH=C: K5G5@G®9IGI5H98
(! ((  9L<=6=HEED G{KCB897CADCEH=CBHIDE9 WFGBEHIBH5FHGA

S , HC S K=H<CB@M C: A5GC@CG&9B H<9GITB3
GHIDGG:FCA S HC S K=H< C: A5GERCEBE&=7<75B69 5G
G=;B98HH<9.CFA5 H=CBB8 89;F585H=CB: HF58=9BF5F ,<9 FIG+B@
A5GG-957<9G

=::9FRBH=5@ 7IFJ9G K<=7<=GH<FGI@Et H<B=:9PB7969HK99B
H<99LD9FAIBH5@ 7IFJ9 5B8 H<975@ @5H98BB9 K9F9 D@KBeB:CF

Fig. 9. =::9RBH=5@ C:(+ (( (" (( 5B8(+ ¢(
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(+ ( (¢ ( 5B8(+ ( (( ,<=GD9R=HEC=BIGI5EHIDC
HOBI=5@H95H=CBEHK99B(+ (I 5B8 (( = (+ ( oL
<=6=HESG=B=75BHBIGHE@=NSCBOHK99B 5B8 S ,<=GGHFCB;

89GHB@=NSCBB=/5HIGI<5H( DFBCHIGI<9897CADASH=CE: ( +
(1 (( 9L<=6=HEEEBIGHBE@=N5SCBHH<=E5B;9 C: HOADIBHIFIGIH
K<=7<=GR9IGBIIBGY GITBB8IGHBE@=NSCR5GCEGIFIO&CA S
HC S :CF! (( :CRl @8=CK<=7<75B69 5@&=;BIHCH<BY;F5
85H=CB: H<O9HF58=9BFK5F IB H<975GLC: (+ (I (( 5B8(+ ((
H<=B0GHBE@=N5CBGA5@@9F

,C =B9GI5H9 H<9897CADGSH=CBI<5J=CFC: (+ (( 5B8 (+
(' (( 8IF=B; H<9%$ HIGHS88H=CB5@ HIGHBEH<GDB=5@95H
=B; F5SHXK9F9 5B5@MN9g:; 5 CF(+ (( GHSEBL:FCA S
HC s S A=B H<9B S A=BIBH=@ S :C@CK9%$M 5B
=GCH<9FBF5 HEI5@=AL: G CF(+ (I (( GHSEBt:FCA S
HC s S A=B H<9B S A=BIBH=@ S :C@CK9%$M 5B
=GCH<9FBF5 HEIS@=AT: G

IF =B; H<OWFGBHID: <95HB; (+ (( 5B8(+ ( (( <58BC
G=B=5BHA5GG@CGE =B; H<9GITB8 GHID: <95HB; H<IASGGACGG

‘CF(+ (( 695B5H A=B 5FCIB8 S 5B8H<9A5>CRA5GGRCGG
K5G69HK99B A=B 5B8 A=B 5FCIB8 S C: A5GGRCGG
K5G CaH5=B98& D@5HI9K5GCEGIFI8 G :CF(+ (! (( H<9A5GG

@CGB@5B 5H  A=B5FCIB8 S 5B8H<9A5>CRA5GGRCEEG69

HK99B A=B5B8  A=BFCIB8 S CB@M C:A5GG@CEBSG
CEH5=BISIF =B; H<H<=FGHIB ;FISHASGGACAT(+ (I (( K5G
C6GIFJ98B H=@D@5HI5CD95FIsH S CH<(+ (( 5B8(+

(I (( <5856CIH  C:F9G=8I9K<=7<75B 69 5@=;B98HCH<9.CF

A5H=CB: H<%7<5F7CFI5DCBEB; HOH<9G5A9D<BCAIBCB=B=;  IH
AIGH69 AIBH=CBIH<5H<9B (( <58 H<9G5A99LDIFAIBH7CEBH=CB
56(+ (( CH+ (I (( =HB97CADMGH=CBFC79G6B695G=;B98
HCH<9F9@95GR K5HIMBBS 5A ACB=55GKI@EBH<9.CRA5 H=CB: ( ' (

GHFHIF9 =; 6 ( (G897CADMH=CEB=HH<9LDIEAIBH7CHB=

H=CB:(+ (I (( KS5GG@CK®RSBH<SIT: (+ (( K<=7<F995@G
H<5HH<OF9@95GIBGIGG<CI@85J9 699B @IGE JLIG@M<IGFBI@HG
9J89B798H<5K+ (I (( 897CADCGIG@CKORSR + (( K<=7<

75B69 5 FOBSCK<M=B%$ HIGH<A5GGACEEHET: (+ (I (( K5G

G@CKBR5EH<5IE: (+ ((  5B8H<SHI<O™ C:(+ (1 (( K5G5@
K5MG@CKIA<5BH<5IE: (+  ((

3.5. Investigationof char morphology

,<9 ACFD<C@MC: H<97<5F=G-B9G;5H985HAI@HE 75@0=B; CIH=
75@=7TFCG7CDM\ G75@3B8G75B=B;9@%FCB=7TFCG7CDMbo {A
G75@H<9B6M IG=B; 9@HFCBFC6A=7FC5B5@4 (% 7<9AT5@
7CADGSH=CBH{A G75@H<B=BF6t H=CB: H<D<COB<EFIGK<=7<75B
69 =BC@J98BH<9A97<5B=G/C: 5TH=CB®F&9BH98

((  1B8IFH<IFACI=851=J9CB+H=CB S A=B =F
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Fig. 10., C5 (+ (( (+ ( (( 5B86
3.5.1. Char morphologyinvestigatedy optical microscope

<9 7<5FF9G=8I19G:(+ (( 5B8(+ (! (( K9F97C@97HIBS
7IHCBH<9G=8%79 ,<9 X5B?G=8€: CIH@5M%F: H<97<5F=@F&9BH98
=B =; 5 :CH+ (( 5B8 = 6 CH+ ( ( .,<9 @5M@F
H<97<5FC:(+ (( <5G AA C:H<=B9GG<IFI5GI<9@5MeF:
H<97<5FC:(+ (! (( <5GCB@M AA C:H<=mB9GG<9 CIH>=89
C: H<97<5FG<CKIBCG=B=:75BH=:9FPB7969HKI9BH<IGHIKC.CRAI @5
H=CBBCHOF&9BHIELBCIHEE @=7FG7CD9<9B H<FHBIFG=8T: H<9G9
HKC7<5FG@5MBFIDF&9BHI8B =; 7 CF(+ (( 5B8 =
8 CR(+ (! (( ,<9 =BIFG=8Z:(+ (( =DCFCIB=HBIAIF
CIG<C@9G8=:9PBHG=NIGK 9J9F (+ (( (! <5GGA5@@BB @9IGG
<C@IB=BIFG=8T: =HB<5F ,<9 CBI-CIG8=:9PB79CC: H<97<5FG9
HK99BH<9GBIKC.CRAI @3=CB&M 9LD@5+B<B=:9RBHDIFCA5B79 =B
H<%$ HIGHB8998 577CF&B; HAASGG@CGB3 HOADIBHIF9A95GIF98
8IF=B; H<9%$ HIGH; 6 = 7 (+ (0 (( G<CK98@CK9F
H9ADIBHIFIB 89FH<I7<5F5B8 @9BBG G CEEHH<IASGGDCEEHE9
HK99B  G5B8 GB897F95G93-CA GCF+ (( HC G
CR(+ (0 (( K<=7<FI@95GC®IBG;F585H=CBFCEH&IF=B; H<9
7CABIGH=CBH<IG=H5G@9GB8 GA5@ @WK ICB H<9=BIFG=8L: H<9
7<5F
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K=HH<9G5A9<95HB; 7CBH=CB: %$ HIGH

3.5.2. Char morphologyinvestigatecoy SEMand EPMA

@H<Cl;< H<CIH5=8€: H<97<5F@3WG5<CKIBCG-B=75BH=:9F
9B7969HK99R + (( 5B8(+ (! (( K=HCMHZEB@=7TFG7CDH<IM
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