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/D�IDVH�GL�ULFHUFD�VXO�FRPSRUWDPHQWR�GHOO·DFTXD�LQ�QDWXUD�VLD�D�OLYHOOR�
PDFURVFRSLFR�FKH�PROHFRODUH�KD�FRQGRWWR�DG�LQGLYLGXDUH�XQD�VHULH�
di tecnologie di trattamento particolarmente interessanti poiché 

EDVDWH� HVFOXVLYDPHQWH� VX� SULQFLSL� ÀVLFL�� OD� vortex technology 

H� O·DIÀQDPHQWR� WUDPLWH� LO� IHQRPHQR� GHOO·exclusion zone (EZ) 

RVVHUYDWR�LQ�SURVVLPLWj�GL�VXSHUÀFL�LGURÀOH�

Ë�VWDWD�TXLQGL�DYYLDWD�XQD�IDVH�GL�VSHULPHQWD]LRQH�GXUDQWH�OD�TXDOH�
VRQR� VWDWL� SURJHWWDWL� H� UHDOL]]DWL� DOFXQL� SURWRWLSL� FRQ� FXL� WHVWDUH�
O·HIÀFDFLD�GHL�GXH�IHQRPHQL��

,� SULPL� ULVXOWDWL� VSHULPHQWDOL�� VYROWL� SHU� YHULÀFDUH� O·HIÀFLHQ]D� GL�
TXHVWR� VLVWHPD� QHOOD� SXULÀFD]LRQH� GHOO·DFTXD�� VRQR� LQFRUDJJLDQWL�
SRLFKp�GLPRVWUDQR�OD�FDSDFLWj�GL�WUDWWDUH�DFTXD�FRQ�GLIIHUHQWL�OLYHOOL�
GL� FRQWDPLQD]LRQH�� FRQ� XQD� ULGX]LRQH� GHOOD� WRUELGLWj� GHO� ���� H�
GHOO·DVVRUEDQ]D�GL�ROWUH�LO�����
7DOL�ULVXOWDWL�FRVWLWXLVFRQR�TXLQGL�OD�EDVH�SHU�OR�VYLOXSSR�XOWHULRUH�GL�
TXHVWH�WHFQRORJLH��
&RPH�DQWLFLSDWR��LQIDWWL��TXHVWR�SHUFRUVR�GL�ULFHUFD�QRQ�VL�HVDXULUj�
FRQ� OD� FRQFOXVLRQH�GHO�'RWWRUDWR��PD�SURVHJXLUj� FRQ� O·RELHWWLYR�GL�
UHDOL]]DUH�XQ�SURWRWLSR�UHDOH�IXQ]LRQDQWH��
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acqua interfacciale e exclusion zone

ACQUA INTERFACCIALE E EXCLUSION ZONE

6XOOD� EDVH� GHO� SULQFLSLR� GHOO·([FOXVLRQ� =RQH� VWXGLDWR� H� GHVFULWWR�
GD� 3ROODFN� �������� q� VWDWR� VYLOXSSDWR� XQ� VLVWHPD� GL� WUDWWDPHQWR�
GHOO·DFTXD� FKH� KD� O·RELHWWLYR� GL� HVFOXGHUH� OH� VRVWDQ]H� GLVFLROWH� LQ�
HVVD�PHGLDQWH�OD�IRUPD]LRQH�VSRQWDQHD�GHOOD�]RQD�GL�HVFOXVLRQH�LQ�
SURVVLPLWj�GL�VXSHUÀFL�LGURÀOH��
6L�WUDWWD�GL�XQ�IHQRPHQR�GL�DXWRGHSXUD]LRQH�LQ�FXL�LO�VLVWHPD�ÀOWUDQWH�
q�FRVWLWXLWR�SUHYDOHQWHPHQWH�GDOO·DXWRUJDQL]]D]LRQH�VWUXWWXUDOH�GHOOH�
PROHFROH�G·DFTXD��

/·DVSHWWR�PDJJLRUPHQWH�LQQRYDWLYR�GHOOD�WHFQRORJLD�GL�SXULÀFD]LRQH�
EDVDWD� VXO� IHQRPHQR� GHOO·([FOXVLRQ� =RQH� ULVLHGH� QHO� IDWWR� FKH�
O·DFTXD�VL�DXWR�GHSXUD�VSRQWDQHDPHQWH�D�WHPSHUDWXUD�H�SUHVVLRQH�
DPELHQWH��VHQ]D�O·XWLOL]]R�GL�DOFXQ�VLVWHPD�ÀOWUDQWH��
Ë� LQWHUHVVDQWH� LQROWUH� FRQVLGHUDUH� FKH� O·DFTXD� LQWHUIDFFLDOH� KD�
FDUDWWHULVWLFKH� PROWR� VLPLOL� D� TXHOOD� FKH� VL� WURYD� QHOO·RUJDQLVPR�
XPDQR�� ODVFLDQGR�SUHVXSSRUUH�XQD�SRVVLELOH� LPSOLFD]LRQH�SRVLWLYD�
GL�TXHVWR� WLSR�GL� WUDWWDPHQWR�VXOO·DFTXD�FKH�VDUj� LQ�FRQWDWWR�FRQ� LO�
FRUSR�XPDQR��7XWWDYLD��TXHVWR�DVSHWWR�q�DQFRUD�LQ�IDVH�GL�VWXGLR�
  

*UD]LH� D� XQ� VHPHVWUH� WUDVFRUVR� SUHVVR� LO� 3ROODFN� /DERUDWRU\�
�%LRHQJLQHHULQJ� 'HSDUWPHQW� �� 8QLYHUVLW\� RI� :DVKLQJWRQ� �� 8:��
6HDWWOH��:$�� VL� q� SUHVHQWDWD� OD� SRVVLELOLWj� GL� DSSURIRQGLUH� TXHVWR�
IHQRPHQR�H�GL�WHVWDUH�H�VYLOXSSDUH�QXRYL�SURWRWLSL�FRQ�FXL�SXULÀFDUH�
O·DFTXD���

/·HVSHULHQ]D�SUHVVR�OD�8:�q�LQL]LDWD�TXLQGL�FRQ�O·RVVHUYD]LRQH�GHO�
IHQRPHQR�H�GHO�IXQ]LRQDPHQWR�GHO�SULPR�H�XQLFR�SURWRWLSR�UHDOL]]DWR�
GDO�JUXSSR�GL�ULFHUFD�FRRUGLQDWR�GD�3URI��3ROODFN��
*UD]LH�DG�XQ·LQWHQVD�IDVH�GL�RVVHUYD]LRQH�H�VSHULPHQWD]LRQH�LQL]LDOH�
q� VWDWR� SRVVLELOH� FRQIHUPDUH� OH� LSRWHVL� DYDQ]DWH� LQ� SUHFHGHQ]D�
�.O\X]KLQ�HW�DO���������H�PHWWHUH�LQ�OXFH�OH�YDULDELOL�VX�FXL�LQWHUYHQLUH�
SHU�PLJOLRUDUH�O·HIÀFLHQ]D�GHO�SURWRWLSR��

/D� SULPD� IDVH� GHOOD� VSHULPHQWD]LRQH� q� VWDWD� TXLQGL� GHGLFDWD� DOOD�
FRPSUHQVLRQH�GHOOD�GLQDPLFD�GHO�SURFHVVR�H�DOOD�PLVXUD]LRQH�GHOOH�
YDULDELOL�FKH�LQÁXHQ]DQR�OD�GLPHQVLRQH�GHOO·H[FOXVLRQ�]RQH��
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3HU� O·RVVHUYD]LRQH� GHO� IHQRPHQR� GHOO·([FOXVLRQ� =RQH� q� VWDWR�
XWLOL]]DWR� FRPH� PDWHULDOH� LGURÀOR� LO� 1DÀRQ� GL� 'X3RQW�� XQ��
ÁXRURSROLPHUR�FRSROLPHUR�FRVWLWXLWR�GD�WHWUDÁXRURHWLOHQH�VROIRQDWR��
FKH�YLHQH�VSHVVR�XWLOL]]DWR�FRPH�FRQGXWWRUH�GL�SURWRQL�QHOOH�FHOOH�D�
FRPEXVWLELOH�D�PHPEUDQH�D�VFDPELR�SURWRQLFR��3(0���
Come tracciante sono state usate delle microsfere di lattice 

FDUERVVLODWR� �3RO\EHDG�� 3RO\VFLHQFHG� ,QF��� FRHIÀFLHQWH� GL�
YDULD]LRQH� GHO� ���� GL� YDULH� GLPHQVLRQL� �GD� ���� ѥP�D� ���ѥP�� LQ�
VROX]LRQH� FRQ� GLIIHUHQWL� WLSRORJLH� GL� DFTXD� �$FTXD� GHLRQL]]DWD��
DFTXD�SRWDELOH��DFTXD�PLQHUDOH��DFTXD�GL�ODJR��HWF����

)RUPD]LRQH�GHOO·(=�FRQ�YDULH�WLSRORJLH�GL�DFTXD
3RLFKp�O·RELHWWLYR�SULQFLSDOH�GHOOD�VSHULPHQWD]LRQH�q�OD�YHULÀFD�H�OD�
PHVVD�D�SXQWR�GL�XQ�VLVWHPD�GL�SXULÀFD]LRQH�GHOO·DFTXD�FKH�VIUXWWL�
LO� IHQRPHQR�GHOO·([FOXVLRQ�=RQH�� q� VWDWD� YHULÀFDWD� O·HIÀFDFLD� GHO�
VLVWHPD�FRQ�GLIIHUHQWL�WLSRORJLH�GL�DFTXH��
&RPH�QRWR��OD�SUHVHQ]D�GL�VDOL�ULGXFH�OD�IRUPD]LRQH�GHOO·([FOXVLRQ�
=RQH� �=KHQJ�� ������ H� TXLQGL�� TXHVWD� YDULDELOH� SRWUHEEH� LQÁXLUH�
QRWHYROPHQWH�VXOO·HIÀFLHQ]D�GHO�VLVWHPD�GL�SXULÀFD]LRQH�VWHVVR�

8QD�SULPD�RVVHUYD]LRQH�q�VWDWD�FRQGRWWD�YDOXWDQGR� LO� IHQRPHQR�
FRQ�WUH�WLSRORJLH�GL�DFTXH�

���6ROX]LRQH�GL���PO�DFTXD�GLVWLOODWD��FRQGXFLELOLWj�HOHWWULFD�����ѥ6�
FP����H���JRFFH�GL�PLFURVIHUH�GD��XP�GL�SRO\EHDG�FDUER[\ODWH�

���6ROX]LRQH�GL���PO�DFTXD�SRWDELOH��FRQGXFLELOLWj�HOHWWULFD�������
ѥ6�FP����H���JRFFH�GL�PLFURVIHUH�GD��XP�GL�SRO\EHDG�FDUER[\ODWH�

��� 6ROX]LRQH� GL� ��PO� DFTXD� QRQ� SRWDELOH� �FRQGXFLELOLWj� HOHWWULFD�
������ ѥ6� FP���� H� �� JRFFH� GL� PLFURVIHUH� GD� �XP� GL� SRO\EHDG�
FDUER[\ODWH�

/D�VROX]LRQH����PO��q�VWDWD�YHUVDWD�LQ�XQD�SLDVWUD�GL�3HWUL�FRQWHQHQWH�
XQ�WXER�GL�1DÀRQ�GD���PP��GLDPHWUR��H�OXQJR����PP��

/·RVVHUYD]LRQH�q�VWDWD�ULSHWXWD�SHU�WUH�YROWH�SHU�FLDVFXQD�VROX]LRQH��
$�SDULWj�GL�FRQGL]LRQL�LO�IHQRPHQR�GL�HVFOXVLRQH�q�YLVLELOH�FRQ�WXWWH�
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H�WUH�OH�WLSRORJLH�GL�DFTXD��
7XWWDYLD��OD�VROX]LRQH�1����DFTXD�QRQ�SRWDELOH��SUHVHQWD�XQ·([FOXVLRQ�
=RQH�PHQR�HVWHVD�FRQIHUPDQGR�FKH�OD�GLPHQVLRQH�GHOO·(=�GLSHQGH�
GDOOH�FDUDWWHULVWLFKH�GHOOD�VROX]LRQH��

6SHULPHQWD]LRQH�VXO�SULPR�SURWRWLSR�GL�.O\X]KLQ
8QD� YROWD� RVVHUYDWR� LO� IHQRPHQR� LQ� PDQLHUD� VWDWLFD�� O·DWWHQ]LRQH�
q� VWDWD� ULYROWD� DO� IXQ]LRQDPHQWR� GHO� VLVWHPD� GL� SXULÀFD]LRQH� FRQ�
O·RELHWWLYR� SULQFLSDOH� GL� UHSOLFDUH� L� ULVXOWDWL� RWWHQXWL� LQ� SUHFHGHQ]D�
�.O\X]KLQ�HW�DO���������

,O�SULPR�SURWRWLSR�GLVHJQDWR�GD�.O\X]KLQ�q�LQ�JUDGR�GL�SURGXUUH�GDL�
��DL���PO�KU��XQD�TXDQWLWj�GL�DFTXD�PROWR�ULGRWWD��PD�VXIÀFLHQWH�SHU�
YDOXWDUH�OH�GLQDPLFKH�H�O·HIÀFLHQ]D�GHO�VLVWHPD�GL�ÀOWUD]LRQH��
3HU�VHPSOLFLWj�VL�ID�TXL�ULIHULPHQWR�DO�SURWRWLSR�2/'�$�H�DO�SURWRWLSR�
2/'�%�SHU�LQGLFDUH�L�GXH�SURWRWLSL�LQ�JUDGR�GL�RVSLWDUH�LO�WXER�GL�1DÀRQ�
GL� GLDPHWUR� LQWHUQR� �����PP� �77����� H� FDUDWWHUL]]DWL� GD� GLIIHUHQWL�
JHRPHWULH�GHOO·HVWUDWWRUH�LQWHUQR�FRPH�ULSRUWDWR�LQ�ÀJXUD�

*HRPHWULH� GHL� GXH� SURWRWLSL� UHDOL]]DWL� GD� .O\X]KLQ� FDUDWWHUL]]DWL� GD� GLPHQVLRQL�
GHOO·HVWUDWWRUH�LQWHUQR�GLIIHUHQWL�

345 µm

690 µm
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,O�VLVWHPD�VL�FRPSRQH�GL�XQ�WXER�GL�1DÀRQ�FKH�IXQJH�GD�VXSHUÀFLH�
LGURÀOD� DO� FXL� LQWHUQR� q� LQVHULWR� XQ� HVWUDWWRUH� LQ� DFFLDLR� LQR[� SHU�
VHSDUDUH�OH�GXH�IUD]LRQL�GL�DFTXD��(=�H�EXON�ZDWHU���
,O� ÁXVVR� YLHQH� UHJRODWR�PHGLDQWH� XQD� GHSUHVVLRQH� FUHDWD� GD� GXH�
V\ULQJH� SXPSV� SRVWH� LQ� XVFLWD� GDO� VLVWHPD� VHFRQGR� OR� VFKHPD�
ULSRUWDWR�LQ�ÀJXUD�

*UD]LH� DG� XQD� VROX]LRQH� GL� PLFURVIHUH� GL� ODWWLFH� FDUERVVLODWR�
�3RO\EHDG�� 3RO\VFLHQFHG� ,QF��� FRHIÀFLHQWH� GL� YDULD]LRQH� GHO� ����
LQ�DFTXD�GHLRQL]]DWD��q�VWDWR�SRVVLELOH�RVVHUYDUH�DO�PLFURVFRSLR� LO�
FRPSRUWDPHQWR�GHOOH�SDUWLFHOOH�GXUDQWH�LO�ÁXVVR��
/·HIÀFDFLD�GL�VHSDUD]LRQH�q�VWDWD�WHVWDWD�PLVXUDQGR�LQ�YLD�SUHOLPLQDUH�
OD� FRQFHQWUD]LRQH�GL�PLFURVIHUH� VLD�QHOOD� IUD]LRQH�GL� DFTXD�GLOXLWD�
FKH�QHOOD�IUD]LRQH�FRQFHQWUDWD��
&RQ� O·DXVLOLR� GL� XQD� FDPHUD� FRQWDFHOOXOH�� FRPXQHPHQWH� DGRWWDWD�
SHU� LO�FRQWHJJLR�GHOOH�FRORQLH�EDWWHULFKH��q�VWDWR�SRVVLELOH�YDOXWDUH�
XQ·HIÀFDFLD�GL�VHSDUD]LRQH�GHOOH�SDUWLFHOOH�FRPSUHVD�LQ�XQ�LQWHUYDOOR�
WUD��������H��������FRPH�PRVWUDWR�LQ�ÀJXUD��

,� ULVXOWDWL� RWWHQXWL� VL� DYYLFLQDQR� PROWR� D� TXHOOL� GL� .O\X]KLQ� �������
FRQIHUPDQGR�O·DIÀGDELOLWj�GHO�VLVWHPD��

2,7
5 m

m

EXCLUSION ZONE

MICROSPHERES

NAFION

INPUT CONCENTRATO

DILUITO

Setup sperimentale con cui sono stati 

effettuati i test preliminari sulla base di 

TXDQWR�ULSRUWDWR�GD�.O\X]KLQ�������
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$�TXHVWR�SXQWR� LO�SURWRWLSR�q�VWDWR�VRWWRSRVWR�DG�XQD�VHULH�GL� WHVW�
FRQ�YDULH�WLSRORJLH�GL�DFTXH�SHU�YDOXWDUH�O·HIIHWWLYD�SXULÀFD]LRQH�FRQ�
SUHVHQ]D�GL�FRQWDPLQDQWL�YDUL��
1HOOR�VSHFLÀFR�VRQR�VWDWH�WHVWDWH�O·DFTXD�QRQ�SRWDELOH�GHO�UXELQHWWR�
GHO�ODERUDWRULR�H�O·DFTXD�SUHOHYDWD�GDO�ODJR�GL�:DVKLQJWRQ��
/·HIÀFDFLD� GHOOD� SXULÀFD]LRQH� q� VWDWD� YDOXWDWD� PLVXUDQGR� OD�
FRQGXFLELOLWj�HOHWWULFD��OD�WRUELGLWj�H�OD�SUHVHQ]D�GL�FRPSRVWL�RUJDQLFL�
GLVFLROWL��
,� ULVXOWDWL�VRQR�VWDWL� LQFRUDJJLDQWL�H�KDQQR�FRQIHUPDWR� O·HIÀFDFLD�GL�
SXULÀFD]LRQH�GHO�VLVWHPD�LQ�JUDGR�GL�VHSDUDUH�OH�VRVWDQ]H�LQ�IRUPD�
LRQLFD�GLVFLROWH�H�OH�SDUWLFHOOH�SUHVHQWL�QHOO·DFTXD�GL�LQJUHVVR�

1XRYL�3URWRWLSL�SHU�LQFUHPHQWDUH�O·HIÀFLHQ]D
,O� ODYRUR� VL� q� TXLQGL� FRQFHQWUDWR� VXO� WHQWDWLYR� GL� LQFUHPHQWDUH� OH�
SUHVWD]LRQL�GHO�VLVWHPD�DWWUDYHUVR�OD�SURJHWWD]LRQH�GL�QXRYL�SURWRWLSL�
LQ�JUDGR�VLD�GL�DXPHQWDUH�LO�OLYHOOR�GL�SXULÀFD]LRQH�GHOO·DFTXD�LQ�XVFLWD�
VLD�GL�WUDWWDUH�SRUWDWH�G·DFTXD�PDJJLRUL��
3HU�VHPSOLFLWj�VL�q�VFHOWR�GL�FRQWLQXDUH�D�ODYRUDUH�VXO�VHPLODYRUDWR�
WXERODUH�LQ�1DÀRQ��FRQ�OD�SRVVLELOLWj�LQ�VHJXLWR�GL�ULFHUFDUH�PDWHULDOL�
DOWHUQDWLYL�H�QXRYH�JHRPHWULH�

3HU� GHÀQLUH� OH� JHRPHWULH� RWWLPDOL� GHL� QXRYL� SURWRWLSL� VRQR� VWDWL�
HVHJXLWL� GHL� WHVW� FRQ� FXL� YDOXWDUH� OD� YDULD]LRQH� GHOOD� GLPHQVLRQH�
GHOO·([FOXVLRQ�=RQH�LQ�EDVH�DOOD�SRUWDWD�H�DOOD�YHORFLWj�GHO�ÁXVVR��
1HOOR�VSHFLÀFR�� OD�YDOXWD]LRQH�q�VWDWD�HVHJXLWD�VX�GXH�WLSRORJLH�GL�
WXEL�GL�1DÀRQ��77����H�77����ULVSHWWLYDPHQWH�GL�GLDPHWUR�LQWHUQR�GL�
����PP�H�����PP��LQ�PRGR�GD�YDOXWDUH�HYHQWXDOL�UHOD]LRQL�ULVSHWWR�DO�
GLDPHWUR�GHO�WXER��
/D�YDOXWD]LRQH�GHOOD�ULGX]LRQH�GHOOD�GLPHQVLRQH�GHOO·(=�LQ�UHOD]LRQH�
DOO·DXPHQWDUH� GHOOD� SRUWDWD� KD� FRQIHUPDWR� L� ULVXOWDWL� ULSRUWDWL� LQ�
SUHFHGHQ]D�GD�.O\X]KLQ���������RYYHUR�FKH��D�SDULWj�GL�SRUWDWD�GHO�
ÁXVVR��O·(=�q�PDJJLRUH�QHO�WXER�GL�GLPHQVLRQL�PDJJLRUL��
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'LPHQVLRQH�GHOOD�([FOXVLRQ�=RQH�LQ�UHOD]LRQH�DOOD�SRUWDWD�GHOOD�VROX]LRQH�DOO·LQWHUQR�
GL�GXH�WXEL�GL�1DÀRQ�D�FRQIURQWR��77����H�77�����

'LPHQVLRQH�GHOOD�([FOXVLRQ�=RQH�LQ�UHOD]LRQH�DOOD�YHORFLWj�GHO�ÁXVVR�GHOOD�VROX]LRQH�

DOO·LQWHUQR�GL�GXH�WXEL�GL�1DÀRQ�D�FRQIURQWR��77����H�77�����

7XWWDYLD�� YDOXWDQGR� OD� GLPHQVLRQH� GHOO·(=� D� GLIIHUHQWL� YHORFLWj� GHO�
ÁXVVR� q� HPHUVR� FKLDUDPHQWH� FKH� LO� WXER� GL� GLPHQVLRQL� LQIHULRUL�
�77�����PDQWLHQH�XQ·(=�PDJJLRUH�SHU�EDVVH�YHORFLWj��QRQRVWDQWH�
OD� ULGX]LRQH�HYLGHQWH�GHOOD� ]RQD�GL�HVFOXVLRQH�DOO·DXPHQWDUH�GHOOD�
YHORFLWj�GHO�ÁXVVR��

4XHVWH� RVVHUYD]LRQL� VRQR� VWDWH� PROWR� XWLOL� SHU� GHWHUPLQDUH� LO�

'LPHQVLRQH�(=�LQ�UHOD]LRQH�DOOD�SRUWDWD�GHO�IOXVVo
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275 µm

PROTOTIPO NEW B PROTOTIPO NEW A

410 µm
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*HRPHWULH�GHL�GXH�QXRYL�SURWRWLSL��1(:�$�
H�1(:�%��FDUDWWHUL]]DWL�GD�GLPHQVLRQL�
GHOO·HVWUDWWRUH�LQWHUQR�GLIIHUHQWL�

ELODQFLDPHQWR� RWWLPDOH� WUD� YHORFLWj� GHO� ÁXVVR� H� GLPHQVLRQH� GHOOD�
]RQD�GL�HVFOXVLRQH�H�TXLQGL�LGHQWLÀFDUH�OH�JHRPHWULH�SL��HIÀFDFL�SHU�
GLVHJQDUH�LO�QXRYR�SURWRWLSR��
 

Prototipi NEW-A e NEW-B
6RQR�VWDWL�TXLQGL� UHDOL]]DWL�GXH�QXRYL�SURWRWLSL� �1(:�$�H�1(:�%��
FRPSRVWL�GL�XQ·XQLFD�FDPHUD�GL�VHSDUD]LRQH��H�TXLQGL�GDOOD�FDSDFLWj�
GL���PO�KU�SHU�OD�IUD]LRQH�GLOXLWD���LQ�JUDGR�GL�RVSLWDUH�L�WXEL�GL�1DÀRQ�
GL� GLDPHWUR� LQWHUQR� �����PP� �77����� H� FDUDWWHUL]]DWL� GD� GLIIHUHQWL�
JHRPHWULH�GHOO·HVWUDWWRUH�LQWHUQR�

ESTRAT72RE 1

acciaio

STRUTTURA

polimetilmetacrilato

ESTRATT25(��
acciaio

1$),21�

INPUT

DILUIT2�
(EZ)

&21&(175$T2
(BULK)

2,5 ml/hr

12,5 ml/hr



FASE SPERIMENTALE

���
acqua interfacciale e exclusion zone

Prototipo NEW-Piccolo
6XOOD� EDVH� GHL� ULVXOWDWL� GHOOH� RVVHUYD]LRQL� SUHOLPLQDUL� VRQR� VWDWL�
UHDOL]]DWL�DQFKH�DOWUL�SURWRWLSL� LQ�JUDGR�GL�RVSLWDUH� WXEL�GL�1DÀRQ�GL�
GLDPHWUR�ULGRWWR��77���H�77�����
7XWWDYLD�� SHU� YLD� GHJOL� VWUXPHQWL� D� GLVSRVL]LRQH�� OD� SUHFLVLRQH� GL�
UHDOL]]D]LRQH�GL�TXHVWL�GXH�SURWRWLSL� �77����H�77�����QRQ�q�VWDWD�
VXIÀFLHQWHPHQWH� VRGGLVIDFHQWH� GD� FRQVHQWLUH� GL� HVHJXLUH� GHL� WHVW�
DIÀGDELOL��
Ë�VWDWR�SRVVLELOH�WXWWDYLD�HVHJXLUH�GHL�WHVW�GL�WLSR�TXDOLWDWLYR�FRQGRWWL�
DWWUDYHUVR�ULSHWXWH�RVVHUYD]LRQL�DO�PLFURVFRSLR�GHO�FRPSRUWDPHQWR�
GHO�ÁXVVR�QHOO·DUHD�GHOO·HVWUDWWRUH��
 

/H�RVVHUYD]LRQL�VHPEUDQR�FRQIHUPDUH�L�GDWL�RWWHQXWL�GXUDQWH�L� WHVW�
VXOOD�IRUPD]LRQH�GHOO·(=�LQ�IXQ]LRQH�GHOOD�YHORFLWj�GHO�ÁXVVR��RYYHUR�
FKH�ULGXFHQGR�LO�GLDPHWUR�GHO�WXER�GL�1DÀRQ�VL�RWWHQJD�XQD�PLJOLRUH�
HIÀFLHQ]D�GHO�VLVWHPD��
7XWWDYLD�� DO� PRPHQWR�� QRQ� q� VWDWR� SRVVLELOH� FRQIHUPDUH� TXHVWH�
RVVHUYD]LRQL�SUHOLPLQDUL�FRQ�GHL�GDWL�VXIÀFLHQWHPHQWH�DIÀGDELOL��

Prototipo NEW-A-2
8Q� VXFFHVVLYR� WHVW� q� VWDWR� FRQGRWWR� DYYROJHQGR� O·HVWUDWWRUH� LQ�
DFFLDLR�GHO�SURWRWLSR�1(:�$�FRQ�XQ�WXER�GL�1DÀRQ��77�����LQ�PRGR�
GD�DXPHQWDUH�OD�VXSHUÀFLH�LGURÀOD�QHOO·DUHD�GL�HVWUD]LRQH��LO�SURWRWLSR�
FRVu�PRGLÀFDWR�q�VWDWR�GHQRPLQDWR�1(:�$�����

325 µm
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*HRPHWULH�GHO�SURWRWLSR�1(:�$���H�LPPDJLQH�
DO�PLFURVFRSLR�GHOO·DUHD�GHOO·HVWUDWWRUH�

125 µm
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*HRPHWULH�GHO�SURWRWLSR�UHDOL]]DWR�VXOOD�EDVH�
GHO�WXER�GL�1DÀRQ�GL�GLDPHWUR�LQWHUQR�GD�
����PP��77�����



FASE SPERIMENTALE

���
acqua interfacciale e exclusion zone

$QFKH� LQ� TXHVWR� FDVR� OD� SUHFLVLRQH� GL� UHDOL]]D]LRQH� QRQ� KD�
FRQVHQWLWR�GL�RWWHQHUH�XQ�FDPSLRQH�GL�GDWL�VXIÀFLHQWHPHQWH�DIÀGDELOH��
SHUPHWWHQGR�WXWWDYLD�GL�RVVHUYDUH�GHL�EXRQL�ULVXOWDWL�SUHOLPLQDUL�FKH�
GRYUDQQR�WXWWDYLD�HVVHUH�FRQIHUPDWL�FRQ�VXFFHVVLYH�SURYH��
&RPH�HYLGHQ]LDWR�QHOO·LPPDJLQH�D�ODWR��OD�SUHVHQ]D�GL�XQD�GRSSLD�
VXSHUÀFLH� LGURÀOD� �WXER�GL�1DÀRQ�HVWHUQR�H� WXER�GL�1DÀRQ� LQWRUQR�
DOO·HVWUDWWRUH���FRQVHQWH�GL�DXPHQWDUH�OD�]RQD�GL�(VFOXVLRQH�QHOO·DUHD�
GHOO·HVWUDWWRUH�FKH�FRVWLWXLVFH�LO�SXQWR�SL��VHQVLELOH�SHU�GHWHUPLQDUH�
O·HIÀFLHQ]D�GHOOD�VHSDUD]LRQH�GHOOH�GXH�IUD]LRQL�GL�DFTXD��(=�H�EXON��

Set-up sperimentale 
,O� VHWXS� VSHULPHQWDOH� q� DQFKH� LQ� TXHVWR� FDVR� FRPSRVWR� GDO�
FRQWHQLWRUH�GL�DFTXD�LQ�LQJUHVVR��LQSXW��FROOHJDWR��SHU�PH]]R�GL�WXEL�
W\JRQ�LQ�VLOLFRQH��DO�WXER�GL�1DÀRQ�LQVHULWR�QHOOD�FDPHUD�GL�HVWUD]LRQH�
H� GD� GXH� V\ULQJH� SXPSV� �1(������� FROOHJDWH� ULVSHWWLYDPHQWH�
DOO·HVWUDWWRUH� �� �IUD]LRQH� FRQFHQWUDWD�� H� DOO·HVWUDWWRUH� �� �IUD]LRQH�
GLOXLWD��(=���
,Q�TXHVWR�PRGR�q�SRVVLELOH�UHJRODUH�VHSDUDWDPHQWH�LO�ÁXVVR�LQ�XVFLWD�
GDL�GXH�HVWUDWWRUL�H�TXLQGL�JHVWLUH�LQ�PDQLHUD�RWWLPDOH�OH�WXUEROHQ]H�
QHOOD�]RQD�GHOO·HVWUDWWRUH�FKH�GLVWXUEDQR�O·HIÀFLHQ]D�GHO�VLVWHPD�

/H� HIÀFLHQ]H� GL� SXULÀFD]LRQH� GL� TXHVWL� SURWRWLSL� �77���� 1(:�$�
H� 77���� 1(:�%�� VRQR� VWDWH� GDSSULPD� YDOXWDWH� RVVHUYDQGR� DO�
PLFURVFRSLR� O·HVFOXVLRQH� GHOOH� PLFURVIHUH� �GL� YDUL� GLDPHWUL�� LQ�
VROX]LRQH�LQ�DFTXD�GHLRQL]]DWD��

NAFION 

ESTRATTORE 1

ESTRATTORE 2

EZ WATER

EZ WATER

IN-PUT

FRAZIONE CONCENTRATA

FRAZIONE DILUITA

OUT-PUT



FASE SPERIMENTALE

164

acqua interfacciale e exclusion zone

6XFFHVVLYDPHQWH� q� VWDWD� YDOXWDWD� O·HIÀFLHQ]D� GL� VHSDUD]LRQH�
FRQ� O·DFTXD�GHO� UXELQHWWR� �QRQ�SRWDELOH�� H� FRQ� O·DFTXD�GHO� ODJR�GL�
:DVKLQJWRQ��LQ�PRGR�GD�SRWHU�FRPSDUDUH�L�ULVXOWDWL�FRQ�TXHOOL�UDFFROWL�
LQ�SUHFHGHQ]D�FRQ�LO�YHFFKLR�SURWRWLSR��2/'�%����

3HU�FRPSOHWH]]D�O·HIÀFLHQ]D�GL�SXULÀFD]LRQH�q�VWDWD�FRPSDUDWD�FRQ�
TXHOOD�RWWHQXWD�XWLOL]]DQGR�XQ�FRPXQH�ÀOWUR�SRUWDWLOH�D�PLFURSRUL������
ѥP��GLVSRQLELOH�LQ�FRPPHUFLR��6DZ\HU�0,1,�:DWHU�)LOWHU��

RISULTATI

/·HIÀFLHQ]D� GL� SXULÀFD]LRQH� GHOO·DFTXD� q� VWDWD� YDOXWDWD�PLVXUDQGR�
OD� FRQGXFLELOLWj� HOHWWULFD�� OD� WRUELGLWj� H� OD� SUHVHQ]D� GL� VRVWDQ]H�
RUJDQLFKH�GLVFLROWH��120���

1HO� FDVR� GL� XQD� VROX]LRQH� HOHWWUROLWLFD� OD� FRQGXFLELOLWj� GLSHQGH�
GDOOD� FRQFHQWUD]LRQH� GHJOL� LRQL� H� GDO� S+�� GDOOD� ORUR� FDULFD�� GDOOD�
ORUR�PRELOLWj��YHORFLWj�OLPLWH�UDJJLXQWD�GD�TXHVWR�LRQH�LQ�XQ�FDPSR�
HOHWWULFR�GL�YDORUH�XQLWDULR��H�GDOOD�WHPSHUDWXUD��6LOYHVWURQL���������
/D�FRQGXFLELOLWj�q�XQ�LQGLFH�GDOOD�SUHVHQ]D�GL�VROLGL�LQRUJDQLFL�GLVFLROWL�
come cloruro, nitrato, solfato, fosfato e anioni (ioni con una carica 

QHJDWLYD��R�GL�VRGLR��PDJQHVLR��FDOFLR��IHUUR��DOOXPLQLR�H�FDWLRQL��LRQL�
FRQ�FDULFD�SRVLWLYD���
,�YDORUL�FKH�IRUQLVFRQR�OD�PLVXUD�GHOOD�FRQGXFLELOLWj�GHOO·DFTXD�VRQR�
VHPSUH�SL��EDVVL�PDQ�PDQR�FKH�O·DFTXD�GLYHQWD�SXUD��O·DFTXD�SXUD�
q�PROWR�SRFR�FRQGXWWULFH�H��TXLQGL��PROWR�SRFR�GLVVRFLDWD�LQ�LRQL�

I risultati ottenuti sono molto incoraggianti poiché dimostrano 

OD� FDSDFLWj� GHO� VLVWHPD� GL� WUDWWDUH� DFTXD� FRQ� GLIIHUHQWL� OLYHOOL� GL�
FRQWDPLQD]LRQH��PRVWUDQGR�XQD�ULGX]LRQH�GHOOD�FRQGXFLELOLWj�GHOOD�
IUD]LRQH�GL�DFTXD�GLOXLWD��

Ë�VWDWD��LQIDWWL��PLVXUDWD�XQD�FRQGXFLELOLWj�GL�FLUFD����ѥ6�FP���VLD�QHOOD�
IUD]LRQH�GL�DFTXD�GLOXLWD�GL�UXELQHWWR��PLJOLRU�ULVXOWDWR�UDJJLXQWR�������
ѥ6�FP����FKH�LQ�TXHOOD�GL�DFTXD�GL�ODJR��PLJOLRU�ULVXOWDWR�UDJJLXQWR��
�����ѥ6�FP������UHJLVWUDQGR�XQ·HIÀFDFLD�GL�ULGX]LRQH�ULVSHWWLYDPHQWH�
GHO������UXELQHWWR��H�GHO������ODJR��VLD�ULVSHWWR�DOO·DFTXD�GL�SDUWHQ]D�
FKH�DOOD�IUD]LRQH�GL�DFTXD�FRQFHQWUDWD��



FASE SPERIMENTALE
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acqua interfacciale e exclusion zone

9DORUL�GL�FRQGXFLELOLWj�HOHWWULFD�PLVXUDWL�QHOOD�IUD]LRQH�GL�DFTXD�FRQFHQWUDWD�H�GLOXLWD�
RWWHQXWD� FRQ� GLYHUVL� VLVWHPL� GL� SXULÀFD]LRQH� �3URWRWLSR� 1(:�$�� SURWRWLSR� 1(:�%��
SURWRWLSR�2/'�%�H�ÀOWUR�6$:<(5��D�SDUWLUH�GD�DFTXD�GHO�UXELQHWWR��6L�ULSRUWDQR�L���
PLJOLRUL�ULVXOWDWL�SHU�L�ÀOWUL�1(:�$�H�1(:�%�H�L�PLJOLRUL�ULVXOWDWL�RWWHQXWL�FRQ�L�ÀOWUL�2/'�E�
H�6$:<(5

9DORUL�GL�FRQGXFLELOLWj�HOHWWULFD�PLVXUDWL�QHOOD�IUD]LRQH�GL�DFTXD�FRQFHQWUDWD�H�GLOXLWD�
RWWHQXWD� FRQ� GLYHUVL� VLVWHPL� GL� SXULÀFD]LRQH� �3URWRWLSR� 1(:�$�� SURWRWLSR� 1(:�%��
SURWRWLSR� 2/'�%� H� ÀOWUR� 6$:<(5�� D� SDUWLUH� GD� DFTXD� GHO� /DJR� :DVKLQJWRQ�� 6L�
ULSRUWDQR�L���PLJOLRUL�ULVXOWDWL�SHU� L�ÀOWUL�1(:�%�H�L�PLJOLRUL�ULVXOWDWL�RWWHQXWL�FRQ�L�ÀOWUL�
1(:�$�2/'�E�H�6$:<(5��'DWD�OD�GLIÀFROWj�GL�RWWHQHUH�ULVXOWDWL�DIÀGDELOL��SHU�LO�ÀOWUR�
1(:�$���VL�ULSRUWD�LO�PLJOLRU�ULVXOWDWR�RWWHQXWR�H�LO�YDORUH�PHGLR�GHL�ULVXOWDWL�UHJLVWUDWL�

���

���

��

��

��

��

��

�
EZBULK EZBULK EZBULKE ZBULK EZBULKEZBULKEZBULK 28738TINPUT

�����

�����
�����

�����
�����

�����
�����

- 41�

TAP 
:$TER

���

���

��

��

��

��

�
EZBULK EZBULK EZBULKE ZBULK EZBULKEZBULKEZBULK 28738TINPUT

�����

�����

����� �����

�����

�����
�����

�����



FASE SPERIMENTALE

166

acqua interfacciale e exclusion zone

7RUELGLWj�PLVXUDWD�QHOOD� IUD]LRQH�FRQFHQWUDWD�H�GLOXLWD�GL�DFTXD� WUDWWDWD�FRQ�GLYHUVL�
VLVWHPL� GL� SXULÀFD]LRQH� �3URWRWLSR� 2/'�%�� 3URWRWLSR� 1(:�%� H� ÀOWUR� 6$:<(5�� D�
SDUWLUH�GD�DFTXD�GHO�/DJR�:DVKLQJWRQ�

/D� WRUELGLWj�GHOO·DFTXD�GL� ODJR�GXUDQWH� LO�SHULRGR�GHJOL�HVSHULPHQWL�
YDULDYD�WUD�����178�H�����178��1HSKHORPHWULF�7XUELGLW\�8QLWV���EHQ�
DOO·LQWHUQR� GHOOD� JDPPD� GL� FDOLEUD]LRQH� GHOOR� VWUXPHQWR� DGRWWDWR�
�WRUELGLPHWUR�����L��/D0RWWH��0'���
1HOOD� IUD]LRQH� GL� DFTXD� GLOXLWD� q� VWDWD� UHJLVWUDWD� XQ·HIÀFDFLD� GL�
ULGX]LRQH�GL�FLUFD�LO�����ULVSHWWR�DOO·DFTXD�LQ�LQJUHVVR�H�DOOD�IUD]LRQH�
FRQFHQWUDWD�

/D� FDUDWWHUL]]D]LRQH� GL� 120� QHOO·DFTXD� GL� ODJR� q� VWDWD� HVHJXLWD�
XWLOL]]DQGR� OD�PHWRGRORJLD� GHOO·DVVRUEDQ]D� XOWUDYLROHWWD� D� ���� QP�
PLVXUDWD�FRQ�XQR�VSHWWURPHWUR�9LV�89��3HUNLQ�(OPHU�/DPEGD�����

/D� FRQFHQWUD]LRQH� GHL� FRQWDPLQDQWL� FRPH� OD� PDWHULD� RUJDQLFD�
GLVFLROWD� H� L� VRWWR�SURGRWWL� GHOOD� GLVLQIH]LRQH� �'%3�� SXz� HVVHUH�
determinata, infatti, misurando la luce assorbita da un campione 

GL�DFTXD�UHVLGXDOH�DOOD�SDUWLFRODUH� OXQJKH]]D�G·RQGD��89�����FKH�
IRUQLVFH�XQD�LQGLFD]LRQH�GHO�PDWHULDOH�RUJDQLFR�DURPDWLFR�QHOO·DFTXD��

(·�VWDWD�ULOHYDWD��FRQ�LO�QXRYR�SURWRWLSR�XQ·HIÀFDFLD�GL�ULGX]LRQH�SDUL�
DO�����ULVSHWWR�DOO·DFTXD�LQ�LQJUHVVR�H�DOOD�IUD]LRQH�FRQFHQWUDWD��8Q�
ULVXOWDWR�FRPSDUDELOH�FRQ�TXHOOR�RWWHQXWR�FRQ�LO�ÀOUWR�6$:<(5��
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acqua interfacciale e exclusion zone

&RQFHQWUD]LRQH� GL� 6RVWDQ]H� RUJDQLFKH� GLVFLROWH� �120�� PLVXUDWD� QHOOD� IUD]LRQH�
FRQFHQWUDWD�H�GLOXLWD�GL�DFTXD�WUDWWDWD�FRQ�GLYHUVL�VLVWHPL�GL�SXULÀFD]LRQH��3URWRWLSR�
2/'�%��3URWRWLSR�1(:�%�H�ÀOWUR�6$:<(5��D�SDUWLUH�GD�DFTXD�GHO�/DJR�:DVKLQJWRQ

,� ULVXOWDWL� RWWHQXWL�� VHSSXU� SUHOLPLQDUL�� KDQQR� GLPRVWUDWR� O·HIÀFDFLD�
GL�SXULÀFD]LRQH�GHO�GLVSRVLWLYR�LQ�DFTXD�D�GLIIHUHQWL�FRQFHQWUD]LRQL��
FRQIHUPDQGR�LQROWUH�OD�PLJOLRU�HIÀFLHQ]D�GHO�QXRYR�SURWRWLSR�ULVSHWWR�
DO�SULPR�UHDOL]]DWR�GD�.O\X]KLQ�

63(5,0(17$=,21,�35(662�,/�&(1752�5,&(5&+(�
SMAT

/D�IDVH�GL�VSHULPHQWD]LRQH�GHL�SURWRWLSL�UHDOL]]DWL�SUHVVR�LO�3ROODFN�
/DERUDWRU\�GL�6HDWWOH�q�FRQWLQXDWD��DWWUDYHUVR�XQD�VXFFHVVLYD�IDVH�
GL�VSHULPHQWD]LRQL��SUHVVR�LO�&HQWUR�5LFHUFKH�GL�60$7��7RULQR���FRQ�
O·RELHWWLYR�GL�RWWHQHUH��GD�XQ�ODWR��XQD�PDJJLRUH�FRPSUHQVLRQH�GHO�
IHQRPHQR��H�GDOO·DOWUR�GL�WHVWDUH�O·HVFOXVLRQH�GL�YDULH�VRVWDQ]H��

(·� VWDWR� TXLQGL� DOOHVWLWR� XQ� VHWXS� VSHULPHQWDOH� VLPLOH� D� TXHOOR�
SURYDWR�D�6HDWWOH�LQ�FXL�OH�GLIIHUHQWL�SRUWDWH��GHOOD�IUD]LRQH�GL�DFTXD�
(=�H�GHOOD�IUD]LRQH�FRQFHQWUDWD��DOO·LQWHUQR�GHO�SURWRWLSR��VRQR�VWDWH�
JHVWLWH� XWLOL]]DQGR� GXH� SRPSH� SHULVWDOWLFKH�� SRVL]LRQDWH� LQ� XVFLWD�
GDO� VLVWHPD�� FKH� ODYRUDQR� LQ� PRGDOLWj� HVWUD]LRQH� �FUHDQGR� XQD�
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acqua interfacciale e exclusion zone

GHSUHVVLRQH���

6RQR� VWDWH� VYROWH� GHOOH� SURYH� SUHOLPLQDUL� SHU� YLVXDOL]]DUH� DO�
PLFURVFRSLR� OD� IRUPD]LRQH� GHOO·(=� PHGLDQWH� O·XWLOL]]R� GL� DOFXQL�
traccianti (carbone, argilla), in modo da regolare le portate e 

RWWLPL]]DUH� LQ� TXHVWR�PRGR� O·HIÀFLHQ]D� GL� HVWUD]LRQH� GD� SDUWH� GHO�
VLVWHPD��,O�FDUERQH�LQ�SROYHUH�q�ULVXOWDWR�HVVHUH�LO�WUDFFLDQWH�PLJOLRUH�
WUD�TXHOOL�GLVSRQLELOL�DO�&HQWUR�5LFHUFKH�60$7�H�OH�SRUWDWH�FRQVLGHUDWH�
LQ�WXWWH�OH�VXFFHVVLYH�SURYH�VRQR�VWDWH�OH�VHJXHQWL�

 2.3 ml/h�SHU�OD�IUD]LRQH�GLOXLWD��(=�
13.5 ml/h�SHU�OD�IUD]LRQH�FRQFHQWUDWD��EXON�ZDWHU�

,O� FDUERQH� LQ� VROX]LRQH� DO� WHUPLQH� GHO� SURFHVVR� VL� GHSRVLWD� VXO�
WXER� GL� 1DÀRQ� VSRUFDQGR� OD� VXSHUÀFLH� SHU� L� VXFFHVVLYL� SDVVDJJL��
4XHVWR�q�LO�SULQFLSDOH�SUREOHPD�OHJDWR�DOO·XWLOL]]R�GHO�FDUERQH�FRPH�
WUDFFLDQWH�SHUWDQWR�q�FRQVLJOLDELOH�SHU�SURYH�VXFFHVVLYH��OHJDWH�DOOD�
ÁXLGRGLQDPLFD�GHO�SURFHVVR��XWLOL]]DUH�OH�PLFURVIHUH�

,QROWUH�� SHU� SRWHU� YDOXWDUH� TXDQWLWDWLYDPHQWH� LO� IXQ]LRQDPHQWR�
GHO� VLVWHPD� GL� VHSDUD]LRQH� SULPD� GL� SURFHGHUH� DOOR� VWXGLR� GHOOD�
VXD� HIÀFDFLD�� q� VWDWD� XWLOL]]DWD� FRPH� FDPSLRQH� XQD� VROX]LRQH�
���� QRUPDOH� GL� LRGLR�� 7DOH� VROX]LRQH�� PROWR� FRQFHQWUDWD� QRQFKp�
IRWRVHQVLELOH��q�VWDWD�VFHOWD�LQ�TXDQWR�SDUWLFRODUPHQWH�DGDWWD�D�SRWHU�
HVVHUH�DQDOL]]DWD�FRQ�WHFQLFKH�VSHWWURIRWRPHWULFKH�
/·HIÀFDFLD� GL� VHSDUD]LRQH� q� VWDWD� YDOXWDWD� DQGDQGR� D� PLVXUDUH�
O·DVVRUEDQ]D� GHL� FDPSLRQL� �LQSXW�� (=� H� FRQFHQWUDWR�� FRQ� XQR�
spettrofotometro UV-VIS con tecnologia RFID (spettrofotometro 

'5������+$&+/$1*(���

1HOOR�VSHFLÀFR�q�VWDWD�PLVXUDWD�O·DVVRUEDQ]D�GHL�WUH�FDPSLRQL��LQSXW��
FRQFHQWUDWR� H� GLOXLWR�� DOOD� OXQJKH]]D� G·RQGD� GL� SLFFR� ����� QP��
RWWHQHQGR�FRPH�ULVXOWDWR�XQD�ULGX]LRQH�GHOO·DVVRUEDQ]D�GHO��������
WUD�OD�IUD]LRQH�GL�DFTXD�(=�H�TXHOOD�FRQFHQWUDWD�

/·HIÀFDFLD� GL� VHSDUD]LRQH� q� VWDWD� YDOXWDWD� DQGDQGR� D� PLVXUDUH�
O·DVVRUEDQ]D� GHL� FDPSLRQL� �LQSXW�� (=� H� FRQFHQWUDWR�� FRQ� XQR�
spettrofotometro UV-VIS con tecnologia RFID (spettrofotometro 



FASE SPERIMENTALE

���
acqua interfacciale e exclusion zone

'HÀQHQGR� ,�� O·LQWHQVLWj� GL� XQD� OXFH�
PRQRFURPDWLFD� FKH� FROSLVFH� XQD� FXYHWWD�
FRQWHQHQWH� XQD� VROX]LRQH�� XQD� SDUWH�
GHOO·LQWHQVLWj� GHOOD� OXFH� LQFLGHQWH� YLHQH�
DVVRUELWD� GDOOD� VROX]LRQH� H� GDOOD� FXYHWWD�
HPHUJHUj�TXLQGL�XQD�UDGLD]LRQH�FRQ�LQWHQVLWj�
,���
/·DVVRUEDQ]D�YLHQH�GHÀQLWD�FRPH�
A=log I��,
/·DVVRUEDQ]D�q�GLUHWWDPHQWH�SURSRU]LRQDOH�
DOOD�FRQFHQWUD]LRQH�GL�XQD�VROX]LRQH�LQ�EDVH�
DOOD�OHJJH�GL�/DPEHUW�%HHU�

$� ��ў�Ã�O�Ã�&

GRYH�ȟ�q�LO�FRHIÀFLHQWH�GL�DVVRUELPHQWR�
PRODUH�>0-1cm-1@��O�LO�FDPPLQR�RWWLFR�>FP@�H�&�
OD�FRQFHQWUD]LRQH�GHOOD�VROX]LRQH�>0�¼�O@

'5������+$&+/$1*(���
1HOOR�VSHFLÀFR�q�VWDWD�PLVXUDWD�O·DVVRUEDQ]D�GHL�WUH�FDPSLRQL��LQSXW��
FRQFHQWUDWR� H� GLOXLWR�� DOOD� OXQJKH]]D� G·RQGD� GL� SLFFR� ����� QP��
RWWHQHQGR�FRPH�ULVXOWDWR�XQD�ULGX]LRQH�GHOO·DVVRUEDQ]D�GHO��������
WUD�OD�IUD]LRQH�GL�DFTXD�(=�H�TXHOOD�FRQFHQWUDWD�

8QD�YROWD�YHULÀFDWR� LO� VHWXS�H� O·HIÀFLHQ]D�GHO�VLVWHPD�� O·DWWHQ]LRQH�
q�VWDWD�ULYROWD�DOOR�VWXGLR�GHOO·HIÀFDFLD�GL�VHSDUD]LRQH�GHL�SULQFLSDOL�
LQTXLQDQWL�FKLPLFL��PHWDOOL��SUHVHQWL�QHOOH�DFTXH�

$O� ÀQH� GL� VWXGLDUH� O·DSSOLFDELOLWj� GHO� PHWRGR�� FRQVLGHUDQGR� FKH�
LO� IHQRPHQR�GHOO·(=�VL� ULGXFH� LQ�SUHVHQ]D�GL� VDOL�GLVFLROWL� LQ�DFTXD�
�.O\X]KLQ�HW�DO��� ������&KHQ�HW�DO��� ������� VRQR�VWDWH�FRQVLGHUDWH�
SUHOLPLQDUPHQWH� GLIIHUHQWL� VROX]LRQL� GL� PHWDOOL� LQ� DFTXD� XOWUD� SXUD�
�O·DFTXD�XOWUD�SXUD�FRQWLHQH�SHU�GHÀQL]LRQH�VROR�+����LRQL�+��H�2+��
LQ�HTXLOLEULR��

,Q�SDUWLFRODUH�q�VWDWD�YDOXWDWD�O·HIÀFDFLD�GL�SXULÀFD]LRQH�SDUWHQGR�GD�
GXH�GLIIHUHQWL�VROX]LRQL�

��VROX]LRQH�VWDQGDUG�GL�PHWDOOL��3HUNLQ�(OPHU�3XUH�3OXV�0XOWL�(OHPHQW�
&DOLEUDWLRQ�6WDQGDUG���
��VROX]LRQH�FRQWHQHQWH�FURPR�HVDYDOHQWH��&U���

,Q� HQWUDPEL� L� FDVL�� SHU� YDOXWDUH� O·HYHQWXDOH� OLYHOOR� GL� VDWXUD]LRQH�
GHO� VLVWHPD�� VRQR� VWDWH� YDULDWH� OH� FRQFHQWUD]LRQL� GL� LQTXLQDQWL� LQ�
LQJUHVVR�
3HU�OD�VROX]LRQH�VWDQGDUG�GL�PHWDOOL�VRQR�VWDWH�WHVWDWH�WUH�GLIIHUHQWL�
FRQFHQWUD]LRQL�LQ�LQJUHVVR�GL��������H����XJ�O�LQ�PRGR�GD�UDJJLXQJHUH��
SHU�LO�YDORUH�PDVVLPR��OLYHOOL�GL�FRQFHQWUD]LRQH�GHL�PHWDOOL�SHULFRORVL�
SHU�OD�VDOXWH�XPDQD��&U��3E��SDUDJRQDELOL�DL�YDORUL�PDVVLPL�DPPHVVL�
SHU�OH�DFTXH�GHVWLQDWH�DO�FRQVXPR�XPDQR��'O������������

2JQL�FLFOR�GL�PLVXUD�q�VWDWR�ULSHWXWR�WUH�YROWH��RWWLPL]]DQGR�LO�QXPHUR�
GL�SURYH�LQ�PRGR�GD�DYHUH�XQD�TXDQWLWj�PLQLPD�GL�GDWL�FKH�SRVVDQR�
HVVHUH�VWDWLVWLFDPHQWH�DFFHWWDELOL�LQ�XQ�DUFR�WHPSRUDOH�UDJLRQHYROH�
�LQ�IXQ]LRQH�GHOOH�SRUWDWH�GHO�VLVWHPD��
,QROWUH�� SHU� YDOXWDUH� DQFKH� O·DIÀGDELOLWj� GHO� PDWHULDOH� LGURÀOLFR� LQ�
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IXQ]LRQH�GHL�VXL�WHPSL�GL�XWLOL]]R��OH�VWHVVH�SURYH�VSHULPHQWDOL�VRQR�
VWDWH�HIIHWWXDWH�XWLOL]]DQGR�XQ�WXER�GL�1DÀRQ�´VWUHVVDWRµ�GD�GXH�PHVL�
GL�SURYH�GL� ODERUDWRULR�DWWH�DG�RWWLPL]]DUH� LO�VHW�XS�GHO�VLVWHPD�HG�
XQR�QXRYR�

/H� FRQFHQWUD]LRQL� GHL� PHWDOOL� VRQR� VWDWH� DQDOL]]DWH� XWLOL]]DQGR� OD�
tecnica analitica ICP-MS, che consente di determinare differenti 

HOHPHQWL�FKLPLFL�XWLOL]]DQGR�OD�VSHWWURPHWULD�GL�PDVVD�GL�LRQL�JHQHUDWL�
GD�XQ�SODVPD�DFFRSSLDWR�LQGXWWLYDPHQWH�

'L�VHJXLWR�VL�PRVWUDQR�L�JUDÀFL�GHOO·DQGDPHQWR�GHOOH�FRQFHQWUD]LRQL�
GL�PHWDOOL�ULOHYDWH�QHOOD�IUD]LRQH�GL�DFTXD�FRQFHQWUDWD�H�LQ�TXHOOD�GL�
DFTXD� GLOXLWD� ¶(=·� �LQWHUYDOOR� GL� PDVVLPR� H�PLQLPR� RWWHQXWR� GDOOH�
WUH� SURYH� VSHULPHQWDOL� HIIHWWXDWH��� SHU� L� GLIIHUHQWL� LQSXW� LQL]LDOL�� D�
FXL� q� VRYUDSSRVWR� LO� OLYHOOR� GHOOD� FRQFHQWUD]LRQH� GL� SDUWHQ]D� GHOOD�
VROX]LRQH�PXOWL�HOHPHQWL�DQDOL]]DWD��,�SDQQHOOL�D��H�E��VL�ULIHULVFRQR��
ULVSHWWLYDPHQWH��DOOH�PLVXUH�HIIHWWXDWH�FRQ�LO�1DÀRQ�´VWUHVVDWRµ�H�FRQ�
LO�1DÀRQ�QXRYR�
,� GDWL� GHOOH� FRQFHQWUD]LRQL� ¶IUD]LRQH� FRQFHQWUDWD·� HG� ¶(=·� LQ� XVFLWD�
dal sistema sono al netto del rumore di fondo del sistema, ottenuto 

DQDOL]]DQGR� OH�XVFLWH�GHO� VLVWHPD�GL� HVWUD]LRQH�RWWHQXWH� � IDFHQGR�
SDVVDUH�VRODPHQWH�DFTXD�XOWUDSXUD��

1HL�JUDÀFL�VRQR�UDSSUHVHQWDWL�JOL� LQWHUYDOOL�GL�PLQLPR�H�PDVVLPR��H�
QRQ�LO�YDORUH�PHGLR�FRQ�UHODWLYD�EDUUD�G·HUURUH��LQ�TXDQWR�OH�PLVXUH�
HIIHWWXDWH� QRQ� SRVVRQR� HVVHUH� FRQVLGHUDWH� FRPH� UHDOL]]D]LRQL�
LQGLSHQGHQWL� DSSDUWHQHQWL� DOOD� VWHVVD� GLVWULEX]LRQH� �OH� FRQGL]LRQL�
VSHULPHQWDOL�SRVVRQR�HVVHUH�FRQVLGHUDUH�XJXDOL��
,Q�JHQHUDOH�VL�SXz�QRWDUH�FRPH�PHGLDPHQWH� LO�PDWHULDOH� LGURÀOLFR�
QXRYR� ULVXOWL� SL�� HIÀFLHQWH� QHOOD� ULPR]LRQH� GHL� PHWDOOL� SUHVHQWL� LQ�
VROX]LRQH�ULVSHWWR�DO�PDWHULDOH�VRWWRSRVWR�DG�XQ�XWLOL]]R�SUROXQJDWR�
QHO�WHPSR��H�TXHVWR�q�SL��HYLGHQWH�SHU�OH�FRQFHQWUD]LRQL�PDJJLRUL�

7DEHOOD����3HUFHQWXDOL�GL�DEEDWWLPHQWR�GHL�
PHWDOOL�LQ�XVFLWD�GDO�VLVWHPD�GL�SXULÀFD]LRQH�
FDOFRODWL�FRPH�UDSSRUWR�WUD�¶(=·�H�¶%8/.·��,O�
PDWHULDOH�LGURÀOLFR�QXRYR�PRVWUD�SHUFHQWXDOL�
di abbattimento maggiori rispetto al 

PDWHULDOH�SL��¶GHWHULRUDWR·��VRSUDWWXWWR�SHU�OH�
FRQFHQWUD]LRQL�GL�LQSXW�PDJJLRUL�

FRQFHQWUD]LRQH�
input

��ULG��PHGLD��(=�%8/.� 
1DILRQ��ҊVWUHVVҋ

��ULG��0HGLD��(=�%8/.� 
1DILRQ��QXRYo

���

���

37%

56%

���

���
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I dati riportati in tabella sono ottenuti considerando il rapporto, in 

SHUFHQWXDOH��WUD�OD�FRQFHQWUD]LRQH�ULOHYDWD�QHOO·DFTXD�¶(=·�H�TXHOOD�
ULOHYDWD�QHOOD�IUD]LRQH�GL�DFTXD�FRQFHQWUDWD�¶EXON·��LQ�PRGR�GD�SRWHU�
FRQIURQWDUH� O·HIÀFLHQ]D� GHO� VLVWHPD� SHU� OLYHOOL� GL� FRQFHQWUD]LRQH�
LQL]LDOH�GLIIHUHQWL�
1HOOH� HODERUD]LRQL� VRQR� VWDWL� HOLPLQDWL� L� GDWL� UHODWLYL� D� TXHL�PHWDOOL�
per cui il sistema, anche al netto del rumore di fondo, ha mostrato 

GHL�GDWL�DQRPDOL��FRQFHQWUD]LRQH�PDJJLRUH�QHOO·DFTXD�¶(=·�ULVSHWWR�
DOO·DFTXD�¶EXON·�R�SHUFHQWXDOL�GL�ULGX]LRQH�VXSHULRUH�DO�������
0HWDOOL�FRPH�LO�7DOOLR��LO�1LFKHO�H�LO�%DULR�YHQJRQR�ULGRWWL�GDO�VLVWHPD�
FRQ�SHUFHQWXDOL�ÀQR�DG�ROWUH�LO������

Ë�DOWUHVu� HYLGHQWH� FRPH� LQYHFH�DOWUL�PHWDOOL� YHQJDQR�DEEDWWXWL� GDO�
VLVWHPD�GL�SXULÀFD]LRQH��FRQ�SHUFHQWXDOL�PROWR�EDVVH� ��������VLD�
XWLOL]]DQGR� LO� 1DÀRQ� ´VWUHVVDWRµ� FKH� LO� 1DÀRQ� QXRYR�� 6L� WUDWWD� GL�
)HUUR��6HOHQLR��=LQFR�H�$UVHQLFR��
$G� HFFH]LRQH� GHOO·$UVHQLFR�� JOL� DOWUL� PHWDOOL� FKH� QRQ� YHQJRQR�
DEEDWWXWL�VRQR�OHJDWL�DOO·LQTXLQDPHQWR�SURGRWWR�GDO�SURWRWLSR�VWHVVR��
/·HVWUDWWRUH�� LQIDWWL�� q� FRPSRVWR� GL� DFFLDLR� LQR[�� FKH� ULODVFLD� LQ�
VROX]LRQH�DOFXQL� GHJOL� HOHPHQWL� GL� FXL� q� FRPSRVWR� �)HUUR��6HOHQLR�
H� =LQFR� DSSXQWR���$� WDOH� SURSRVLWR� q� DOOR� VWXGLR� XQ� SURWRWLSR� FRQ�
estrattore composto interamente di materiali plastici proprio per 

RYYLDUH�D�TXHVWR�WLSR�GL�SUREOHPD

6L� SXz� QRWDUH� FRPH� DOFXQH� VHULH� GL� DQDOLVL� VLDQR� DIIHWWH� GD� XQD�
YDULDELOLWj� PROWR� HOHYDWD� �LQSXW� ��� ѥJ�O� FRQ� PDWHULDOH� VWUHVVDWR�
H� LQSXW����ѥJ�O� FRQ�PDWHULDOH�QXRYR��GRYXWD�DOOD�GLIÀFROWj� WDOYROWD�
QHO�UHSHULUH�GHL�FRQWHQLWRUL�SULYL�GL�LQTXLQDPHQWR�SHU�OD�UDFFROWD�GHL�
FDPSLRQL��

Un altro elemento che si  comporta in modo anomalo (abbattimenti 

QHOO·DFTXD� ¶(=·� VXSHULRUL� DO� ����� R� FRQFHQWUD]LRQH� PDJJLRUH�
QHOO·DFTXD�¶(=·�ULVSHWWR�DOO·DFTXD�¶EXON·��q�O·$UJHQWR��
,O� VLVWHPD� GL� SXULÀFD]LRQH� q� VWDWR� DWWLYDWR� VHPSUH� LQ� SUHVHQ]D� GL�
OXFH��O·LOOXPLQD]LRQH�GHOO·DFTXD�¶(=·�DWWUDYHUVR�OD�OXFH��VSHFLDOPHQWH�
OD�UDGLD]LRQH�LQIUDURVVD��DFFUHVFH�OR�VSHVVRUH�GHOOR�VWUDWR��3ROODFN�
������FKH�UHQGH�TXHVWR�PDWHULDOH�FROORLGDOH��IDFHQGROR�DWWDFFDUH�DL�
WXEL�GHO�VLVWHPD��
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1DILRQ�QXRYo

FR
QF
HQ
WUD
]L
RQ
H

FR
QF
HQ
WUD
]L
RQ
H

metalli metalli

&RQFHQWUD]LRQH�GHL�PHWDOOL�

1DILRQ�ҊVWUHVVҋ

1DILRQ�ҊVWUHVVҋ

&RQFHQWUD]LRQH�GHL�PHWDOOL�

1DILRQ�QXRYR

FR
QF
HQ
WUD
]L
RQ
H

FR
QF
HQ
WUD
]L
RQ
H

metalli metalli

6ROX]LRQH�VWDQGDUG�GL�PHWDOOL����ѥJ�O��,QWHUYDOOR�GL�PDVVLPR�H�PLQLPR��SHU�RJQL�HOHPHQWR�FKLPLFR�DQDOL]]DWR��GHOOH�FRQFHQWUD]LRQL�
ULOHYDWH�LQ�XVFLWD�GDO�VLVWHPD�GL�SXULÀFD]LRQH�D�FXL�q�VRYUDSSRVWD�OD�FRQFHQWUD]LRQH�LQL]LDOH�GHOOD�VROX]LRQH�PXOWL�HOHPHQWL�DQDOL]]DWD��

6ROX]LRQH�VWDQGDUG�GL�PHWDOOL����ѥJ�O��,QWHUYDOOR�GL�PDVVLPR�H�PLQLPR��SHU�RJQL�HOHPHQWR�FKLPLFR�DQDOL]]DWR��GHOOH�FRQFHQWUD]LRQL�
ULOHYDWH� LQ� XVFLWD� GDO� VLVWHPD� GL� SXULÀFD]LRQH� D� FXL� q� VRYUDSSRVWD� OD� FRQFHQWUD]LRQH� LQL]LDOH� GHOOD� VROX]LRQH� PXOWL�HOHPHQWL�
DQDOL]]DWD��
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1DILRQ�QXRYo

FR
QF
HQ
WUD
]L
RQ
H

metalli metalli

&RQFHQWUD]LRQH�GHL�PHWDOOL�

1DILRQ�ҊVWUHVVҋ

FR
QF
HQ
WUD
]L
RQ
H

/·DEEDWWLPHQWR� FKH� YHGLDPR�� GXQTXH�� VL� SUHVXPH� VLD� GRYXWR� D�
TXHVWR� FRPSRUWDPHQWR� VSHFLÀFR� SLXWWRVWR� FKH� DG� XQ� SDUWLFRODUH�
¶SUHIHUHQ]D·� GHO� IHQRPHQR� GHOO·([FOXVLRQ� =RQH� D� VHSDUDUH�PHJOLR�
O·$UJHQWR�ULVSHWWR�DG�DOWUL�PDWHULDOL�

Di seguito si riporta il confronto tra la percentuale di abbattimento 

RWWHQXWD� XWLOL]]DQGR� LO�1DÀRQ� ´VWUHVVDWRµ� H� LO�1DÀRQ� QXRYR�� SHU� OD�
FRQFHQWUD]LRQH� LQL]LDOH� GL� ��� PJ�O� H� SHU� RJQL� VLQJROR� HOHPHQWR��
FKLPLFR�DQDOL]]DWR��
/·HVWHQVLRQH� GHOOH� EDUUH� YHUWLFDOL� LQGLFD� O·LQWHUYDOOR� LQ� FXL� VRQR�
FRPSUHVL�L�YDORUL�UHJLVWUDWL�QHOOH�GLYHUVH�SURYH�VSHULPHQWDOL�

&RVu�FRPH�SHU�OH�DOWUH�FRQFHQWUD]LRQL��FRPH�ULDVVXQWR�LQ�7DEHOOD���
LQ�FXL�q�LQVHULWR�LO�YDORUH�PHGLR���VL�QRWD�FRPH��SHU�WXWWL�JOL�HOHPHQWL��
O·HIÀFLHQ]D� GHO� VLVWHPD� GL� SXULÀFD]LRQH� PLJOLRUL� XWLOL]]DQGR� XQ�
PDWHULDOH�LGURÀOLFR�QXRYR��VHQ]D�SHUz�VWUDYROJHUH�LO�FRPSRUWDPHQWR�
FRPSOHVVLYR�GHO�SURWRWLSR��FLz�FKH�QRQ�YLHQH�DEEDWWXWR�QRQ�FDPELD��

VROX]LRQH�VWDQGDUG�GL�PHWDOOL����ѥJ�O��,QWHUYDOOR�GL�PDVVLPR�H�PLQLPR��SHU�RJQL�HOHPHQWR�FKLPLFR�DQDOL]]DWR��GHOOH�FRQFHQWUD]LRQL�
ULOHYDWH� LQ� XVFLWD� GDO� VLVWHPD� GL� SXULÀFD]LRQH� D� FXL� q� VRYUDSSRVWD� OD� FRQFHQWUD]LRQH� LQL]LDOH� GHOOD� VROX]LRQH� PXOWL�HOHPHQWL�
DQDOL]]DWD�
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ULG
X]
LR
QH

metalli

Percentuale di abbattimento EZ-Bulk

FRQIURQWR�WUD�OD�SHUFHQWXDOH�GL�DEEDWWLPHQWR�WUD�¶(=·�H�¶EXON·�FRQ�1DÀRQ��´VWUHVVDWRµ�H�1DÀRQ�QXRYR��
SHU�RJQL�VLQJROR�HOHPHQWR��&RQFHQWUD]LRQH�LQL]LDOH����ѥJ�O��/·HVWHQVLRQH�GHOOH�EDUUH�LQGLFD�O·LQWHUYDOOR�
LQ�FXL�VRQR�FRPSUHVH�OH�PLVXUH�VSHULPHQWDOL�
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ULG
X]
LR
QH

metalli

3HUFHQWXDOH�GL�DEEDWWLPHQWR�(=�%XON���1DILRQ�QXRYo

&RQIURQWR� GHOOD� SHUFHQWXDOH� GL� DEEDWWLPHQWR� WUD� ¶(=·� H� ¶EXON·� SHU� GLIIHUHQWL� FRQFHQWUD]LRQL� LQL]LDOL��
1DÀRQ�QXRYR��/·HVWHQVLRQH�GHOOH�EDUUH�LQGLFD�O·LQWHUYDOOR�LQ�FXL�VRQR�FRPSUHVH�OH�PLVXUH�VSHULPHQWDOL�
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$QDOLVL�&URPR�HVDYDOHQWH�PHGLDQWH�FURPDWRJUDÀD�
ionica

,O� &URPR� HVDYDOHQWH� q� XQ� DQLRQH� LQTXLQDQWH� DOWDPHQWH� WRVVLFR�
H� FDQFHURJHQR� SHU� JOL� HVVHUL� XPDQL��$WWXDOPHQWH� LQ� ,WDOLD� YL� q� XQ�
OLPLWH�GL�OHJJH�ULJXDUGDQWH�OD�FRQFHQWUD]LRQH�DFFHWWDELOH�QHOOH�DFTXH�
GHVWLQDWH� DO� FRQVXPR� XPDQR� VROR� SHU� TXDQWR� ULJXDUGD� LO� &URPR�
WRWDOH��FKH�FRPSUHQGH�VLD�LO�&URPR�WULYDOHQWH�FKH�TXHOOR�HVDYDOHQWH��
SDUL�D����ѥJ�O���

9LVWD� OD�WRVVLFLWj�GL�TXHVWR�DQLRQH�q�SUREDELOH�FKH�LQ�IXWXUR�YHQJD�
LQVHULWR�XQ�OLPLWH�GL�OHJJH�DQFKH�SHU�LO�&URPR�HVDYDOHQWH��
3HU� TXHVWR� PRWLYR�� H� SHU� LQGDJDUH� LO� FRPSRUWDPHQWR� VSHFLÀFR�
GHJOL� DQLRQL� LQ� SUHVHQ]D� GHO� 1DÀRQ�� q� VWDWD� DQDOL]]DWD� O·HIÀFDFLD�
GHO�VLVWHPD�GL�SXULÀFD]LRQH�FRQVLGHUDQGR�XQD�VROX]LRQH�GL�&URPR�
HVDYDOHQWH�DOOD�FRQFHQWUD]LRQH�GL����PJ�O�H����PJ�O��
$QFKH�LQ�TXHVWR�FDVR�VRQR�VWDWH�FRQVLGHUDWH�GLIIHUHQWL�FRQFHQWUD]LRQL�
LQ�DFTXD�XOWUDSXUD��ULSHWHQGR�RJQL�FLFOR�GL�PLVXUD�WUH�YROWH�

,Q� 7DEHOOD� VRQR� ULSRUWDWL� L� YDORUL� GHOOH� DQDOLVL� HIIHWWXDWH� PHGLDQWH�
FURPDWRJUDÀD� LRQLFD�� GDOOH� TXDOL� VL� SXz�QRWDUH� FRPH� LO� VLVWHPD�GL�
SXULÀFD]LRQH�QRQ�ULHVFD�DG�DEEDWWHUH�LO�&URPR�HVDYDOHQWH�SUHVHQWH�
LQ�VROX]LRQH�

(·� VWDWR� HIIHWWXDWR� XQ� XOWHULRUH� FLFOR� GL� PLVXUD� FRQ� LO� 1DÀRQ�
QXRYR� �VHPSUH� ULSHWXWR� WUH� YROWH�� FRQVLGHUDQGR� LQ� LQJUHVVR� XQD�

input Bulk EZYDORUL� GL� FRQFHQWUD]LRQH� GHOOD� VROX]LRQH� GL�
&URPR� HVDYDOHQWH� LQ� LQSXW� HG� LQ� XVFLWD� GDO�
VLVWHPD�GL�SXULÀFD]LRQH
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FRQFHQWUD]LRQH�GL����ѥJ�O�RWWHQHQGR�ULVXOWDWL�DVVROXWDPHQWH�DQDORJKL�
D�TXHOOL�GL�7DEHOOD�
,O�1DÀRQ���GD�TXHVWH�SULPH�SURYH�VSHULPHQWDOL��VHPEUD�QRQ�HVVHUH�LQ�
JUDGR�GL�VHSDUDUH�XQ�DQLRQH�FRPH�LO�FURPR�HVDYDOHQWH�

1829(�35263(77,9(

*OL�VWXGL�FRQGRWWL�ÀQR�D�TXHVWR�PRPHQWR�KDQQR�FRQIHUPDWR�O·HIÀFDFLD�
GHO� VLVWHPD� GL� SXULÀFD]LRQH� GHOO·DFTXD� EDVDWR� VXO� IHQRPHQR�
GHOO·([FOXVLRQ�=RQH��
,Q� SDUWLFRODUH� GDOOH� SULPH� DQDOLVL� VSHULPHQWDOL� VL� HYLGHQ]LD� FRPH�
LO� SURWRWLSR� VLD� LQ� JUDGR� GL� VHSDUDUH�� FRQ� SHUFHQWXDOL� GL� HIÀFLHQ]D�
FKH�DUULYDQR�ROWUH�LO������JOL�LRQL�PHWDOOLFL�SRVLWLYL�H�L�VROLGL�RUJDQLFL�
GLVFLROWL�ULGXFHQGR�OD�WRUELGLWj�GHOO·DFTXD��
7XWWDYLD�� LO� SURWRWLSR� DWWXDOPHQWH� LQ� XVR� QRQ� VHPEUD� LQ� JUDGR� GL�
VHSDUDUH�JOL� DQLRQL� WHVWDWL� TXDOL� LO�&URPR�HVDYDOHQWH� �7DEHOOD����H�
O·$UVHQLFR��FKH��LQ�DFTXD��q�DSSXQWR�XQR�LRQH�QHJDWLYR���

4XHVWR�GLYHUVR�FRPSRUWDPHQWR�SRWUHEEH�HVVHUH�GRYXWR�DO�PDWHULDOH�
LGURÀOR�VFHOWR��LO�1DÀRQ��FDUDWWHUL]]DWR�GD�JUXSSL�VXOIRQLFL�FRQ�FRGD�
+��FKH�YLHQH�VFDPELDWD�FRQ�JOL�LRQL�PHWDOOLFL�SRVLWLYL��VFDPELR�LRQLFR�
GHO�PDWHULDOH���7XWWDYLD�� TXHVWL� HG� DOWUL� DVSHWWL� VDUDQQR� RJJHWWR� GL�
DSSURIRQGLPHQWR�DWWUDYHUVR�SURYH�VSHULPHQWDOL�FKH�VHJXLUDQQR�QHL�
SURVVLPL�PHVL�

3HU� OH� VXH� FDUDWWHULVWLFKH�� LO� VLVWHPD� IXQ]LRQD� FRPH� HIÀFDFH�
WUDWWDPHQWR�GL�DIÀQDPHQWR�GL�XQ·DFTXD�JLj�SUHWUDWWDWD��
$QFKH�VH�FL�VRQR�VWDWL�GHL�EXRQL�ULVXOWDWL�VXO�WUDWWDPHQWR�GHOO·DFTXD�
GL� ODJR�� LQ� XQ·RWWLFD� GL� VFDOH�XS� H� LQJHJQHUL]]D]LRQH� GHO� VLVWHPD�
q� QHFHVVDULR� FRQVLGHUDUH� XQ� SUHWUDWWDPHQWR� FKH� HOLPLQL� L� VROLGL�
VRVSHVL�JURVVRODQL��OH�VDEELH�H�WXWWR�TXHO�PDWHULDOH�FKH�SXz�RVWUXLUH�
LO�VLVWHPD��

Di seguito si riportano alcuni follow-up�GHOOD�VSHULPHQWD]LRQH�ULYROWL�
LQ�SDUWLFRODU�PRGR�DO�WHQWDWLYR�GL�VFDODUH�LO�VLVWHPD�SHU�DYYLFLQDUVL�DOOD�
UHDOL]]D]LRQH�GL�XQ�SURWRWLSR�LQ�JUDGR�GL�WUDWWDUH�SRUWDWH�VXIÀFLHQWL�GL�
DFTXD�SHU�XVR�GRPHVWLFR��



FASE SPERIMENTALE

���
acqua interfacciale e exclusion zone

$OOR�VWDWR�GL�DYDQ]DPHQWR�DWWXDOH��LQIDWWL��OH�DSSOLFD]LRQL�LPPDJLQDWH�
SHU� TXHVWR� WLSR� GL� WHFQRORJLD�� ULJXDUGDQR� SUHYDOHQWHPHQWH� OD�
SXULÀFD]LRQH�GHOO·DFTXD�SHU�LO�FRQVXPR�XPDQR�H�LQ�DPELWL�VSHFLÀFL�
FRPH�DG�HVHPSLR�TXHOOR�PHGLFDOH�SHU� L�TXDOL� VRQR� ULFKLHVWH�GHOOH�
TXDOLWj�GL�DFTXD�SDUWLFRODUPHQWH�SXUH��

7UDWWDQGRVL�GL�XQ�VLVWHPD�DOWDPHQWH� LQQRYDWLYR�SHU� LO�TXDOH�QRQ�VL�
FRQRVFRQR� DOWUH� VSHULPHQWD]LRQL� DWWXDOPHQWH� LQ� IDVH� GL� VWXGLR�� OD�
UHDOL]]D]LRQH�GL�XQ�SURWRWLSR�IXQ]LRQDQWH�SHU�LO�WUDWWDPHQWR�GL�SRUWDWH�
GHOO·RUGLQH� GL� OLWUL�KU� FRQVHQWLUHEEH� GL� FRPSDUDUH� OD� VXD� HIÀFLHQ]D�
FRQ�VLVWHPL�EHQ�QRWL�FRPH�DG�HVHPSLR�OD�QDQRÀOWUD]LRQH�H�O·RVPRVL�
LQYHUVD�

Scalare il sistema
6XOOD�EDVH�GHL�ULVXOWDWL�UDJJLXQWL�FRQ�L�QXRYL�SURWRWLSL�GLVHJQDWL�SUHVVR�
LO�3ROODFN�/DERUDWRU\�VL�q�FHUFDWR�GL� LQFUHPHQWDUH�XOWHULRUPHQWH� OH�
SUHVWD]LRQL� GHO� VLVWHPD� GLVHJQDQGR� QXRYL� SURWRWLSL� LQ� JUDGR� GL�
WUDWWDUH�PDJJLRUL�TXDQWLWj�GL�DFTXD��
8Q� SULPR� SDVVR� q� VWDWR� IDWWR� GLVHJQDQGR� XQ� SURWRWLSR� FRVWLWXLWR�
da tre tubi in parallelo, sulla base dei prototipi monocamera 

SUHFHGHQWHPHQWH�WHVWDWL��LQ�PRGR�GD�JHQHUDUH�FLUFD���PO�KU�GL�DFTXD�
GLOXLWD�H�LQFUHPHQWDUH�GL���YROWH�OD�SRUWDWD�GHL�SURWRWLSL�SUHOLPLQDUL�D�
VLQJROD�FDPHUD��

INPUT

&21&(175$72
(BULK)

30 ml/hr

DILUIT2�
(EZ)

6 ml/hr

6FKHPD�GHO�SURWRWLSR�D�WUH�FDPHUH�UHDOL]]DWR�
SUHVVR�LO�3ROODFN�/DERUDWRU\��6HDWWOH��:$�



FASE SPERIMENTALE

���
acqua interfacciale e exclusion zone

,� WHVW� SUHOLPLQDUL� FRQGRWWL� FRQ� TXHVWR� SURWRWLSR� UHDOL]]DWR�
´DUWLJLDQDOPHQWHµ� SUHVVR� LO� 3ROODFN� /DERUDWRU\� KDQQR� HYLGHQ]LDWR�
XQ·HIÀFLHQ]D� GL� VHSDUD]LRQH� SDUDJRQDELOH� D� TXHOOD� GHO� SURWRWLSR�
1(:�%�WHVWDWR�LQ�SUHFHGHQ]D��

6XOOD� EDVH� GHL� ULVFRQWUL� SRVLWLYL� GDWL� GDO� IXQ]LRQDPHQWR� GL� TXHVWR�
SURWRWLSR� SUHOLPLQDUH� q� VWDWR� UHDOL]]DWR� XQ� XOWHULRUH� SURWRWLSR�
�DWWXDOPHQWH� LQ� IDVH�GL� VSHULPHQWD]LRQH�� FRVWLWXLWR� GD�SL�� XQLWj� LQ�
SDUDOOHOR�LQ�JUDGR�GL�JHQHUDUH�FLUFD����PO�KU�GL�DFTXD�GLOXLWD�
,O�SURWRWLSR�q�FRVWLWXLWR�GD�GLYHUVH�XQLWj�FLDVFXQD�FRQWHQHQWH���WXEL�
LQ�1DÀRQ��77�����QHFHVVDUL�SHU�JHQHUDUH�OD�]RQD�GL�HVFOXVLRQH�H���
HVWUDWWRUL�LQ�DFFLDLR�LQR[�SHU�UDFFRJOLHUH�OD�IUD]LRQH�FRQFHQWUDWD��

/D�VWUXWWXUD�PRGXODUH�FRQVHQWH�GL�GLVSRUUH�SL��XQLWj�LQ�VHULH�LQ�PRGR�GD�
VRWWRSRUUH�OD�IUD]LRQH�GLOXLWD�D�VXFFHVVLYL�WUDWWDPHQWL�GL�SXULÀFD]LRQH�
SULPD�GL�HVVHUH�UDFFROWD��,Q�TXHVWR�PRGR�q�WHRULFDPHQWH�SRVVLELOH�
DXPHQWDUH�O·HIÀFLHQ]D�GL�VHSDUD]LRQH�FKH�XQ�VLQJROR�SDVVDJJLR�QRQ�
ULHVFH�D�JDUDQWLUH��

INPUT

INPUT

SEZIONE

CONCENTRATO
(BULK)

CONCENTRATO
(BULK)

75 ml/hr

DILUITO 
(EZ)
20 ml/hr

�� � �� ��

������

���� �� �� ��
DILUITO 
(EZ)

6FKHPD� GHO� SURWRWLSR� GD� ���PO�KU� �IUD]LRQH�
GLOXLWD��UHDOL]]DWR�SUHVVR�LO�3ROODFN�/DERUDWRU\�
�6HDWWOH��:$�



FASE SPERIMENTALE

���
acqua interfacciale e exclusion zone

,�WHVW�FKH�VDUDQQR�VYROWL�VX�TXHVWR�SURWRWLSR�SHUPHWWHUDQQR�TXLQGL�
GL�FRPSUHQGHUH�PHJOLR�LO�IXQ]LRQDPHQWR�GHO�VLVWHPD�GL�SXULÀFD]LRQH�
EDVDWR�VX�SL��XQLWj� LQ�VHULH� UHVWLWXHQGR�SUH]LRVH� LQIRUPD]LRQL�XWLOL�
DOOR�VYLOXSSR�GHL�QXRYL�SURWRWLSL�

3DUDOOHODPHQWH��OD�IDVH�GL�VSHULPHQWD]LRQH�q�VWDWD�LQGLUL]]DWD�VXOOD�
ULFHUFD�GL�PDWHULDOL�DOWHUQDWLYL�DO�1DÀRQ�FKH��D�SDULWj�GL�SUHVWD]LRQL��
FRQVHQWDQR�XQD�PDJJLRUH� OLEHUWj�QHO� GLVHJQR�GHOOH�JHRPHWULH�GHO�
VLVWHPD�GL�HVWUD]LRQH�GHOOD� IUD]LRQH�(=�FKH�VL� IRUPD�LQ�SURVVLPLWj�
GHOOH�VXSHUÀFL�LGURÀOH��
,Q�SDUWLFRODUH��OD�SRVVLELOLWj�GL�UHDOL]]DUH�IDFLOPHQWH�GHL�SURWRWLSL�SHU�
PH]]R�GHOOD� WHFQLFD�GL�VWDPSD��'��KD�VSLQWR�D�ULFHUFDUH�VROX]LRQL�
LQ�JUDGR�GL�UHQGHUH�LGURÀOH� OH�VXSHUÀFL�GHL�PDWHULDOL�FRPXQHPHQWH�
XWLOL]]DWL�FRQ�TXHVWR�WLSR�GL�WHFQRORJLD��$%6��3/$��3$��HWF����
6L�q�LSRWL]]DWR�TXLQGL�GL�WUDWWDUH�OD�VXSHUÀFLH�GL�TXHVWL�SROLPHUL�FRQ�XQ�
FRDWLQJ�VXSHUÀFLDOH�GL�PDWHULDOH� LGURÀOR��SROLHWLOHQJOLFROH�GLDFULODWR��
3(*'$��LQ�JUDGR�GL�JHQHUDUH�OR�VWHVVR�IHQRPHQR�RVVHUYDWR�FRQ�LO�
1DÀRQ�

3UHFHGHQWL� HVSHULPHQWL� FRQGRWWL� VXOOD� ÀEUD� GL� YHWUR� ULYHVWLWD� FRQ�
SROLHWLOHQJOLFROH� �3(*�� KDQQR� SHUPHVVR�� LQIDWWL�� GL� HYLGHQ]LDUH�
OD� IRUPD]LRQH� GHOO·([FOXVLRQ� =RQH� LQ� XQD� VROX]LRQH� GL� DFTXD�
GHLRQL]]DWD��=KHQJ����������
6X�TXHVWD�EDVH�q�DWWXDOPHQWH�LQ�IDVH�GL�VWXGLR�LO�FRPSRUWDPHQWR�GL�
SURYLQL�GL�$%6��3/$�H�3$�ULYHVWLWL�FRQ�3(*'$�SHU�YDOXWDUQH�O·HIÀFDFLD�
QHO�VLVWHPD�GL�SXULÀFD]LRQH��

/D� SRVVLELOLWj� GL� VYLQFRODUVL� GDO� VHPLODYRUDWR� WXER� GL� 1DÀRQ�
FRQVHQWLUHEEH� OD� SURJHWWD]LRQH� GL� JHRPHWULH� SL�� HIÀFDFL� SHU�
O·HVWUD]LRQH�GHOOD�IUD]LRQH�GL�DFTXD�(=�PLJOLRUDQGR�TXLQGL�O·HIÀFLHQ]D�
FRPSOHVVLYD�GHO�VLVWHPD��
$�TXHVWR�SURSRVLWR��QHOO·RWWLFD�GL� WURYDUH�XQD�JHRPHWULD�HIÀFDFH�D�
IDYRULUH�LO�JHQHUDUVL�GHO�IHQRPHQR�GHOO·([FOXVLRQ�=RQH�H�OD�FROOH]LRQH�
GL�TXHVWD�IUD]LRQH�GL�DFTXD�q�DXVSLFDELOH�ULYROJHUVL�GLUHWWDPHQWH�DO�
PRQGR�QDWXUDOH�H�DOOH�VXH�OHJJL��

/·DQDOLVL� VXO� FRPSRUWDPHQWR� GHOO·DFTXD� LQ� QDWXUD� KD� UHVR�� LQIDWWL��
HYLGHQWH�O·LPSRUWDQ]D�GHO�PRYLPHQWR�DXWHQWLFR�H�LO�ULSHWHUVL�GL�DOFXQH�

7XEL�FDSLOODUL�YHJHWDOL�LQ�FXL�q�VWDWR�RVVHUYDWR�
LO� IHQRPHQR� GHOO·([FOXVLRQ� =RQH� �=�UFKHU��
�����



FASE SPERIMENTALE

���
acqua interfacciale e exclusion zone

IRUPH�DUFKHWLSLFKH� FKH� OD� FUHDWLYLWj� GHOO·DFTXD� VHPEUD�SUHGLOLJHUH�
SHU�HVSULPHUH�OD�VXD�TXDOLWj��

/·LVSLUD]LRQH� SXz� DUULYDUH� TXLQGL� GDOO·RVVHUYD]LRQH� GHO� IHQRPHQR�
GHOO·([FOXVLRQ� =RQH� LQ� QDWXUD�� HYLGHQ]LDWR� DG� HVHPSLR� QHL� WXEL�
FDSLOODUL�GHOOH�SLDQWH� �=�UFKHU���������RSSXUH�QHL� WHVVXWL�GHO�FRUSR�
XPDQR��3ROODFN���������
'HWHUPLQDWH� IRUPH� H� JHRPHWULH� VYLOXSSDWH� GDOOD� QDWXUD� SHU�
WUDVSRUWDUH�L�ÁXLGL�SRWUHEEHUR��LQIDWWL��FRVWLWXLUH�OD�EDVH�SHU�XQ�WUDQVIHU�
WHFQRORJLFR�VX�FXL�GLVHJQDUH�L�IXWXUL�SURWRWLSL��

/D�ÁHVVLELOLWj�SURGXWWLYD�GHOOD�WHFQRORJLD�GL�VWDPSD�LQ��'��VLPLOH�DO�
PHWRGR�SURGXWWLYR�GL�WLSR�´ERWWRP�XSµ�FKH�XWLOL]]D�OD�QDWXUD��EHQ�VL�
FRQLXJD� FRQ� O·HVLJHQ]D� GL� UHDOL]]DUH� JHRPHWULH� LVSLUDWH� DO�PRQGR�
QDWXUDOH��

INPUT

CONCENTRATO
(BULK)

CONCENTRATO
(BULK)

DILUITO 
(EZ)

DILUITO 
(EZ)

INPUT

&RQFHSW� SUHOLPLQDUH� SHU� OR� VWXGLR� GL� VFDOHXS� GHO� VLVWHPD�GL� SXULÀFD]LRQH� EDVDWR� VXO� IHQRPHQR�GHOO·([FOXVLRQ�
=RQH�LVSLUDWR�DOOD�JHRPHWULH�GHL�WXEL�FDSLOODUL�YHJHWDOL�H�DOOD�GLVSRVL]LRQH�GHL�FDSROLQL�GL�XQD�PDUJKHULWD�VHFRQGR�
OD�VHTXHQ]D�GL�)LERQDFFL��



FASE SPERIMENTALE

���
acqua interfacciale e exclusion zone

&RQFHSW�SUHOLPLQDUH�SHU�OR�VWXGLR�GL�VFDOHXS�GHO�VLVWHPD�GL�SXULÀFD]LRQH�EDVDWR�VXO�
IHQRPHQR�GHOO·([FOXVLRQ�=RQH�LVSLUDWR�DOOD�JHRPHWULH�GHL�WXEL�FDSLOODUL�YHJHWDOL

Flusso Autoindotto
&L�VRQR�HYLGHQ]H�GHO�IDWWR�FKH�DOO·LQWHUQR�GL�XQ�WXER�LGURÀOR�LPPHUVR�
LQ�XQD�VRVSHQVLRQH�GL�PLFURVIHUH� LO�ÁXVVR�GL�DFTXD�VL�RUJDQL]]L� LQ�
PDQLHUD�VSRQWDQHD�LQ�XQ�ÁXVVR�RUGLQDWR�DWWUDYHUVR�LO�WXER��4XHVWR�
fenomeno, ancora in fase di studio, sembra essere correlato alla 

IRUPD]LRQH�GHOO·([FOXVLRQ�=RQH��5RKDQL����������

'XUDQWH� OD� SHUPDQHQ]D� SUHVVR� LO� 3ROODFN� /DERUDWRU\� VRQR� VWDWH�
FRQGRWWH� GHOOH� VSHULPHQWD]LRQL� SUHOLPLQDUL� SHU� RVVHUYDUH� TXHVWR�
fenomeno che potrebbe sostituire la pressione ad oggi esercitata 

GDOOH�6\ULQJH�3XPSV�SHU�PRYLPHQWDUH�LO�ÁXVVR�GL�DFTXD�DOO·LQWHUQR�
GHO�SURWRWLSR��

Ë� VWDWR� TXLQGL� FRQGRWWR� XQ� WHVW� FRQ� O·RELHWWLYR� GL� YDOXWDUH�
TXDOLWDWLYDPHQWH� LO� ÁXVVR� DOO·LQWHUQR� GHL� WXEL� GL� 1DÀRQ� GL� GLYHUVH�
OXQJKH]]H��3HU�TXHVWD�SURYD�VRQR�VWDWL�XWLOL]]DWL�WUH�WXEL�GL�GLDPHWUR�
LQWHUQR�GL������PP��77������FDUDWWHUL]]DWL�GD�GLIIHUHQWL� OXQJKH]]H��
�PP���PP�H���PP��

DILUITO 
(EZ)

DILUITO 
(EZ)

CONCENTRATO
(BULK)CONCENTRATO

(BULK)

E�CLU�ION ZONE

E�CLU�ION ZONE



FASE SPERIMENTALE

���
acqua interfacciale e exclusion zone

,� WXEL� VRQR� VWDWL� LPPHUVL� LQ� XQD� VROX]LRQH� GL� PLFURVIHUH� GD� �XP�
�3RO\EHDG�FDUER[\ODWH����JRFFH�LQ����PO�GL�DFTXD�GHLRQL]]DWD��

,O� IHQRPHQR�GL�RUJDQL]]D]LRQH�VSRQWDQHD�GHO�ÁXVVR�DOO·LQWHUQR�GHO�
WXER� q� VWDWR� RVVHUYDWR� FRPH� ULSRUWDWR� LQ� SUHFHGHQ]D� GD� 5RKDQL�
���������,Q�SDUWLFRODUH�VL�q�QRWDWD�XQD�YHORFLWj�PDJJLRUH�DOO·LQWHUQR�
GHO�WXER�GL�OXQJKH]]D�LQIHULRUH����PP��ULVSHWWR�D�TXHOOL�GL�OXQJKH]]D�
GL���PP�H����PP��

,Q�DFFRUGR�FRQ�TXDQWR�JLj�RVVHUYDWR�SUHVVR�LO�3ROODFN�/DERUDWRU\��/L��
�������OD�JHRPHWULD�GHO�WXER�LQÁXHQ]D�OD�YHORFLWj�H�OD�GLUH]LRQH�GHO�
ÁXVVR��7XWWDYLD��DG�RJJL�� OD�PDVVLPD�YHORFLWj� UHJLVWUDWD�DOO·LQWHUQR�
GHO� WXER�GL�1DÀRQ�QRQ�VXSHUD� L�����²�����ѥ�V��XQ�YDORUH�GL�FLUFD�
XQ·RUGLQH� GL� JUDQGH]]D� LQIHULRUH� ULVSHWWR� D� TXHOOR� XWLOL]]DWR� QHOOH�
SURYH�VSHULPHQWDOL�FRQ�OD�V\ULQJH�SXPSV


