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I 1Site 2 : Industrial activity: Thann, North-East of France, tailings pond from a
TiO, extractive industry, with high Fe- and Mn-enriched gypsum red
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FFIFII PP ITFIFFTSETS TS LTS
O B Y 8 NS T L N s B L & A" A9
& &F T¥ e F FFFFHF ¥

O(%P$)1%=1$)318, (*%Q.I1$(33!. R3#+3.1 $1$)3IM),00! *$ PIZHRTB...3:
1)3*E)$19#&:B!,. 1#%&R, (11$%!$)3!10Q(.3(".$,01,(119*0!/-Q3:!

FEAR wi #! Overall, the specific characteristics of the site decrease
o i growth of the 18 species by 39% as compard to the nu
standard. However, some genera suceliova, Platanus

Ulmus, and Acevell performed.
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CSl CSP RC SAL SAQ QA QRHQRUPTS UP MP AB OC AG PLO BPA BV ZS CSI CSP RC SAL SAQ QA QRHQRU PTS UP MP AB OC AG PLO BPA BV 7S CSI CSP RC SAL SAQ QA QR QRU PTS UP MP AB OC AG PLO BPA BV 1S

g-l
- 8188888888

g

TE concentrations in leaf tissues (mg/kg D Wt) at the Thann s ite

Acerbuergerianunx AB;Acerginnala= AGBetulapgyycifera= BPABetulaverucosa= BVCatalpaspeciosa=
CSPCedrelasinensis= CSIMaclurapomifera= MPOstryacarpinifolia= OCPhltanusorientalis= PLO;
Perocaryastenoptera = PT&uercusacutissima= QAQuercusrhysophylla= QRHQuercusrubra = QRU,;
Rhus copallina= RCSalixaba = SALSalixagquaticgrandis = SAQImuspamila= UPZelkovaserrata = ZS
Reference concentrations : Cd §,64., Zn 30y g-1, Mn 20@ g-1, Fe 18@ g-1, S 0,3%, Ti & g-1.
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I TPROLIPHYT project : Large scale inoculation of about 50 woody
species in 4 field trials

Sediment disposal field
Cd, Zn soil May 2014

16 woody species in 1 ha
+ inoculation

Cd, Zn, Pb Oct 2013

Waste disposal l ha Of p|antatIOn Of Ca 16
16 woody species in 1 ha

+ inoculation on 1 ha SpeC|eS On 4 SItéS

Sediments landfill (Ti activity)
Major contaminants : Hg, As

16 woody species in 1 ha
Plantation in Dec 2014

Sediments landfill (Cl activity)
Major contaminants : Hg, As

16 woody species in 1 ha
Plantation in Dec 2014

Acer saccharipum
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I 'Woody biomass is converted into useful forms of energy (solid, liquid, or gas
fuels) as well as useful products (polymers, bio-plastics, char, pellets, and ac
biorefinery
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| IBiomass harvest (VSRC) in 2010 at the Pierrelaye site

G+"3$"(1$%P/™( G+"3$"(81+00+,4
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I I'The combustion process concentrates Cd, Pb and Zn in the
emission fraction in the absence of the filter (coll. LERMAB, N.
Brosse; COFELY-SUEZ)

ﬁ X% : gas

<
|j } X% : cyclon + bag filter ashes (inc.
N lf_ higher heat exchanger fraction)
X% : bottom ashes
(inc. lower heat exchanger fraction)

O
O.o.o
@
no bag filter it —
Min Max Min Max
55% i % " \+ (20>(S4("T7
J L 29% /tS/ 73% }’24:(4(%'1(/?( ("7(
Cd |j } 0.04 0.12 |j 0.003 0.004 O ’
N . .
%16% vlzz%

\ (B (GICC7(
012%"3$"/(

D>(4("7(-+"$P$+.$-
I&("(2(A8(7("+
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I 1 TE emission (expressed!agNni) from contaminated poplar woody biomass a
compared to emission limits

ASSRIBSFINN NEQH?N ANEQTEN NNEQEN MNEM M INEREEN  _3-3(30#3.1=(%&.

JQ&!%=!@(B! JQ&!%=!V.B$)3!*01Q_$(*’_!

MUI#%604#3(031! @1 2! @%B!@QB!H§55!4!M*! O BI@B QPR s011%(34x8

T B!\gg:JOB!U HOB;); B!Z/BQY"ZZ!9|A;AZ!%(!
Q3+"+"( :(%&!$)3!
1344 ’ MM ONNN ONNNN MN MNN *0#*03(,X%0!%=!
U,-Q3.! P,.$3!11*(3#X83!
QR.$(3,&!$)3!  F= D@ ( =@a;@ FF:% =[2:0( 9Y[Z:I9IAAA:I*0!
W-$3(! "Q(%R3N!
U,-Q3.!
1%P0.$(3,&! b(>@@ F@ =?0;D b(>;@@ =7
$)3IW-$3(!

# ! Emission values measured upstream the fabric filter for Cd, Pb, and for the sum of 9
are lower than the emission limits, although within the same order of magnitude

# 'When measured downstream the fabric filter unit, TE emissions were significantly redi
well below the emission limits from the EU directives. (Pb was reduced approximately
(IED2), and Cd was reduced by 15-fold (IED1).
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I TUtilization options of wood ashes :

# Iconstruction applicationstorage fields and
roads in industrial areas.
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I TUtilization options of wood ashes :

# Iconstruction applicationstorage fields and
roads in industrial areas.

# lconcrete productioas binder material or as
aggregates.
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F:(G+"%IH,1%2(0%"8/"/( c5.+6$5",(("05",'("7(-2d0%"8&)8*{

I TUtilization options of wood ashes :

# Iconstruction applicationstorage fields and
roads in industrial areas.

# lconcrete productioas binder material or as
aggregates.

# Imetal recoverlgy existing processes
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I T'Utilization options of wood ashes :

# | Another option : wasth as fertilizer3
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I 1 Trace element concentration (mg &fjdry matter) in ashes
In comparison with limit values for sewage sludge applications in agriculture

"\I1*(3#X83.! IAFSA!  :AAAF;]JCA! KAAF5AA! |CAF;IAA! SEAAF

\J11*(3#X83.! KAl :CAA! 5IA KAA! |_AAI

7% %&!,.)3.!! 2:=d?>(  =d(??>(  ??(d(FF( @;0(d(0=( 2@>(d([?>(
@#-%03Fa'l,.)3.!! O[(d('F>( CIF!;A! GIFIKCE O>(d(D[>( ?2@>>(d(F=>>(

>*-$3(F,.)3.1  20>(d(">( ;AAIFLIAI BN5IBICNSD=>(d(==>>( ?20>>>(d(0>>>>(

# | TE contents of bottom ashes are largely below the limit values and might thus be
recycled through applications in agriculture

# ! Cyclone-and filter-fly ashes are polluted to a degree that does not allow their use a
fertilizing agents in agriculture
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F3(G+"9%/H,19%2(0%" 81"/ 3" PI%'+" ("7 (-+"3$"(+,*"(P$.)$-./(7)/.{

I 10Dbjectives : The fractionation of phytoremediation TE-enriched non-woody
lignocellulosic (tobacco) and woody (birch, willow) biomasses was studied t
ethanol organosolv, soda and dilute acid pretreatments (coll. LERMAB, N. E

N

V/I*$.d/,%+81/8&(
—+"3$"(1$%P /™

3

:%/*%/$*3/ ,*

(Y+4,+, ef)/") J/..)."'+8€‘;

/9)/,* 0).0 .

"“-~~...,...............__'_"’$#"(8+'$*+.&;)%(E ............
........................................................ l

Overall scheme for tipeetreatmentsf

phytoremediation-borne biomasses
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F3(G+"9%/H,19%2(0%" 81"/ 3" PI%'+" ("7 (-+"3$"(+,*"(P$.)$-./(7)/.{

I I'Three different processes (dilute acid, alkali-catalyzed and ethanol organost
pretreatments) were evaluated, all of them being among the most widely us
studied technologies for cellulosic bioethanol production.

G$#::9H"58& I"#$Y&' (#'&)*+HHHH#",

&)./&08&1/2-&

1 D:E=F=ZE& =cE& 3$45%5&

)
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|
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I Tacidic pretreatment
QTO0/%+3/,*$.(

1"-$88" G+%81 _+.'H# 8",&+5","(7"%($8+&
L mrk o [012"34+150" I _I T 8%*$.26/&(
o , I 0%/*%/$*3/,*("7(
S | T 438"/ ((
i, I i | o sana "
#" i i i i i I ; :
- = |z i I ; )
GO R G 7S wlels »y w » #lcels )y w ;

N

#! Under acidic conditions, a dilute acid pretreatment (performed at 170;C in the presel
2 % wi/w of sulfuric acid) allowed an efficient extraction of the metals from woody bic

in the water effluent producing a clean cellulosic pulp.
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1"-$88" G+%81

W) E-0.0" 11273047
&
| Isoda g "
pretreatment s
# -
" II.

IHSY68! (YoB)Hr+ H#

—

012313"" 45-637"

L
1P
|I|I II II II

" 0" HI&" H) HE) (.+ (%" 0" H&" H#H()T #E) ('+ (" 0" #&T HO) #E) (T
# | After soda pretreatment, the metal extractablllty In water was low especially
temperature, and the metals were recovered in the cellulosic pulp.

I Torganosolv

!"#$%&'(%$)#*+,#

99

11:

# ! In organosolv conditions, the metal contents were found to be in the followin
Order : pU|F>> water stream > Ilgnm' M. Chalot - Phytosudoe Summer courses 2017 July 13-14
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Fi(G+"9%/H,19%2(0%"8/"/( J",P/%'+", ("7 (-+"3$"(+,*"(P$.)$-./(/8"d8$*$.2%(

I 10Dbjectives : The PHYTOCHEM project aims at exploring new metal enrichec
biomass and biomass enriched with various metals to increase the panel of
catalysts (coll. CHIMECOQO, C. Grison)

e 3" PIK " (T3 ZO%I, (2,411 ("7((
127 T%6$85"( (+,=(/8"85*$. 2 +3"./8)./(

# ! Plantsderived from phytoextraction are recovered through an
iInnovative ecological recycling concept. Taking advantage of the
remarquable adaptative capacity of thesen plants to
hyperaccumulate primary or strategic transition metals, we
address the direct use of bio-based metallic species as reagents
and catalysts of organic chemical reactions. This original approach
offers the first recovery of this unique biomass and initiates a new
branch of green chemistry: Ecocatalysis.
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I IThe Knoevenagel condensation

@F@!/%011=%(&,X%0!(3,#X%0!.%!P*13.R(3,1!,RR-*#,X%(
06(E, 0%#1#)38*.$('!
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I IThe Knoevenagel condensation

Ecocatalyst from

Nucleophile Arabidopsis h Ecocatalyst fronsalix
Acetylacetone
Methyl cyanoacetate
(R=CO,CH; R=CN) 31 % 81 % 89 %

#! The conversion rate of benzaldehyde after 1 h with catalystgdtaidopsis halleand
Salixprformed much better catalyst than £ZnCl
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$!
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| 11"06%/7$85",(9=a>(IA($,&(02%".2'+' (90 >($,&([¢>(IA
$"$2' (#1%/(01%7"%3/&($*(0+."*('8%./(#+*1($(0$*/ &(

%/$8*"%((

-
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| 1:9%"0"%5",'("7(*1/(P$%+")'(-2d0%"&)8*'(

100
90 - OGas ()

80 . . R R . -

O Bio-oil (%)

70 —

60 | OBiochar (%)
50 -

40 —

30 —

20 -

10 O

0
Control M-enriched Control Ii/l-enriched Control Mienriched

Torrefaction Pyrolysis (450;C) Pyrolysis (800;C)

#! The yields of the different by-products greatly varied depending on the thermochemic
process, but were not impacted by the origin of the biomass
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| LA+ )5" (7 (*%$8/(/.131,* (+,(*1/(-2d0%" &) 8* (

1"06%/7$85", ( 20", 2'+( Z$6/+H8$5" (
@%0$(%-| M"130(*#)3L| @%0$(%- M"130(*#)3L| @%0$(%-| M"I30(*#)31

@QL| GO | @1l| GO | @Q1| GO | @1| GO | @1 | GO | @1 | GO

M(#,3!3-3&30%$!#%0$30$!9&E:

@),(( 5BK KA;B] 5cBc 5]]BI IBc KBc 5B: K_: : CAB_ KBK : 5B

2 onl o] 1o

O,H

#! Under torrefaction and mild pyrolysis : most of the TE were recovered in the char frac
#! Under gazeification, TEs were also recovered in the gazeous fraction
#! There were no statistical differences between control and TE enriched biomass
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I I LORVER projetproduction chain of biomass for industrial
purposes from former industrial sites

c04%$&/((
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I I LORVER projetproduction chain of biomass for industrial
purposes from former industrial sites
#! Soil construction
#! Combination of materials of urban or industrial oatgn to cre
pedologic profiles to restore soil functions

US*)%3. ("4 MA%S&I&("+ 115, /&("+.( x;'/:’)/i%f}f;(g o X+°/(°§§?%(«7( 3" *06)8*/&(
}..,&$%2( ot TI9%5.1("+.(

$*/1%+8$.'( (

Je(e!3$!,-NIf1J%*-.131*830$.!_191::KAbLKe9IAA 1 ICEY(JCUIIBCI'ECU(
2 $30$!Je(e!35!,-N!AAA

S5M
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| | YCBKQB(0%"k/8*L(0%"&)85",(81%+,(("7(-+"3$"(7"%6006:&d: (
0)%0"/'(7%"3(7"%3/%(+,8) *%+$.('+*/'(
#1 2'(%-*1g!I7*%&,..1$)3(&,-1$(3,$&30$!P*$) % Q$!%S'E30!
L #D 2'(%- 7 IR(%1Q#S.1,(37!!
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CA!
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| 1| YCBKQB(0%"k/8*L(0%"&)85",(81%+,(("7(-+"3$"(7"%6006:ED.(
0)%0"/'(7%"3(7"%3/%(+,8)*%+$.(+*/'(
#1 2'(%-.*1g17*%&,..1$)3(&,-1$(3,$&30$!P*$)%Q$!%S'E30!
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