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Protection from soil erosion through calcium phosphate

precipitation.
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NEPIANAHWH:

H Bpoxn €ival éva Quaoiko (paivouevo Nou neEpa and Ta npo@avi) opEAn OTav n
eEvraon TnG unepBei Tn dINONTIKN 1KAVOTNTA TOU XWHMATOG MMopei va anopei
KataoTpo@ikn. Mo ocuykekpigeva n O1ABPwWON Nou NPOKAAEi To vepPO TNG BPOXNG
O€ aYPOTIKEG NEPIOXEC EXEI WG CUVENEIQ va EENAEVEI TO XWHUa anod Ta BpenTika Tou
oUOTATIKA KAl va PEIWVEI TO NAXOoUG TOU ENIPAVEIAKOU OTPWHATOG ONou pnopouv
va BAACTAOOUV TA QUTA PEI®VOVTACG OpapdTika kal Tnv avanTtuén Toucg. Eival pia
diadikacia nou ouveERaive avekaBev otn puUOn aAAd €EsAicooTav noAu apyd. H
EVTATIKN avBpwnivn napeppaon kal NOAAEG PopeC n AavBaouevn diaxeipion Tou
€0A@OUC EXEl aUENOEl OpapaTIKA TIC ANWAEIEC XWHATOG £TNCIWG KAl €XEI avayayel
Tn O1aBpwon Tou €3APOUC O NAYKOOUIO NEPIBAAAOVTIKO NpOBANKa.

>T1OX0C TNG napouaoacg epyaciag €ivar n avantuén pgeBodou oTabeponoinong Tou
XWHATOoG peE kaTtaBubion Tou O1Evudpou pwopopikoU acBeoTiou (DCPD) d16TI n
Hop@oAoyia Tou gival kaTaAANAn woTe va dnuioupynBei To dIKTUO KPUOTAAAWY —
KOKKWV XWHUATOC MOU anaiTeital, Xwpic va Peiwdei onuavTika n dianepartoTnta
TOU nopwdouC MECOU. H OUCOWPATWON TOU enm@aveiakoUu YXWPAToC HE TNV
kaTtapBuBion Tou diEvudpou PwoPopikoU acBeoTiou, METUXAivel TNV au&non Tng
d1aTUNTIKAG avToxXnG Tou, TNV au&non TnNG MEONG KATAVOMNG TWV KOKKWV TOU KAl

TEAIKA TNV diatnpnon Tng d1anepaToTNTAG Kal dINONTIKAG IKavoTNTAg Tou £3APOUC.
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Evw n otadiakn emidlaAUTwon Tou AaAaTog napexel ora QuTA acBeEcTio Kal
(PWOQPOPO, anapaiTnTa cuoTaTika yia Tnv avantu&n Toug.

MpayuaTtonoinbnkav neipapgata o avTidpaoTtnpa OIaA€inovTog €pyou yia TNV
KIVNTIKN Kdl NOCOTIKA HWEAETN TnG katafubiong Tou DCPD pe kair Xwpig Tnv
napoucia xwuato¢ o Bgpuokpaacieg 25, 30, 40 °C pe okond Tnv avadeién Twv
KaTAaAANA®WV ouvBnKwV yia TNV NEPAITEPW £PAPHOYN TNG HEBOdoU. H npoabnkn
AAGONNG €ixe w¢ anoTeAeopa TNV au&non Tou XpOVOU €NAywync Kal NTwon Tou
pubuoU TNg katapBubiong o€ OxXEON MWE TIC TIMEG TOUC AMouUCia XWHAToG aAAd n
Tdon auTtni nNTav acBeveéoTepn ME TNV au&non TnG Oepuokpaciag n kal Tou
apxIkoU unePKOPETHOU.

MNa Tnv avadsi€n Tou pnXaviopoUu KPuoTaAAlkng avantuénc Tou DCPD,
EKTEAEOTNKAV nNelpdpaTa oTtabepng oloTaong. Bpebnke OTI akoAoubeitalr To
noAunupnviko NpdTUNO KPUOTAAAWONG Yia Ta TUPAA d1aAlpaTa, eV KUplapxei n
diaxuon Twv OoMIKWV povadwv oTnv nepinTwon kataBubiong napouacia Adonng.
MapaAAnAa eyivav neipdpgata  ONTIKAG NApAThPnNonGg TnG  KPUOTAAAIKAG
avantuéng oe diodiaotaTta nopwdn dokidia oTa onoia €ixav sigaxbei KOKKoI
XWHaToG. 'ETol, nioTonoinenke n dnuioupyia Tou OIKTUOU KPUOTAAAWYV — KOKKWV
XWHATOG Kal 0TI N KataBubion yivoTav Navw oToug KOKKOUG TOU XWHATOG.

'‘Eva epyaleio yia Tn HEAETN TOoUu @AlVOPEvou TNnG O1ABpwong Kai yia Tnv
a&loAdynon Twv PeEBOdWV yia TNV AVTIMETWNION TNG €ival ol eE0UOIWTEG BPOXNG.
KaTaokeudoTnke neipapaTikog €EopoiwTnC BPOXNG NOU PMopel va avanapayel
avTINPOOWNEUTIKEG BPOXONTWOEIG £TOI WOTE VA €EETACTEI N ANOTEAECUATIKOTNTA
NG MeBOdOU oTaBeponoinong Tou €3Agoucg HeE Katapubion PwWo@EOpPIKOU
aocBeoTiou. Ta anoTeAéouarta €d€1€av oaPn MEIiwoN TNG EMIPAVEIAKNG ANOppong
(runoff rate) kai evioxuon Tng dINONTIKAG 1IKAVOTNTAC TOU XWHATOG OE OXEQN MWE
TIG AVTIOTOIXEG OOKIMEC XWPIG TNV Epapuoyn TNG HeEBOdOU.
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The scope of this research is to develop a novel method aimed at reducing soil
erosion because of the soil grains detachment, caused by the fall of raindrops.
The study focuses on the mechanisms of soil consolidation through the in-situ
precipitation of a sparingly soluble salt namely calcium phosphate. The in situ
precipitation and the growth of the crystals on the grain surfaces result in
forming bridges among the loose soil grains and bind them together. The
anticipated gradual dissolution of the deposited phosphate salt with time is
expected to fertilize soil. Among all polymorphs of the calcium phosphate
system, dicalcium phosphate dihydrate (CaHPO, .2H,0, DCPD) was considered
the most appropriate for the application because of its morphology.

In order to define the conditions under which the soil-salt composite structure
is obtained, free drift experiments were conducted in a batch reactor. The
experimental study involved the variation of temperature (5-40 °QC),
supersaturation values with respect to DCPD (5-20) and the soil sludge
concentration in the supersaturated solutions. The initial pH was acidic (pH 6.0)
in order to promote DCPD precipitation than other phosphate salt polymorphs.
As well as, the kinetics of the DCPD nucleation and growth of the salt were
investigated in supersaturated solutions at conditions of constant
supersaturation. It was focused especially, on understanding both the overall
effect of soil material (organic and inorganic) and the effect of temperature.

The system was also investigated using direct visual observations of crystal
growth within glass micromodels, in order to specify whether DCPD nucleation
was initiated on the soil grains and study further the development of bridges
among soil grains. Growth rates were determined by the pH measurements of
the solution in the outlet and by the changes of the crystal size at different
snapshots using imaging software. Finally, an experimental setup was
developed to test the efficiency of soil stabilization due to the precipitation of
crystalline materials. An indoor rainfall simulator was constructed for this
purpose. The optimum conditions of precipitation were chosen from the results
of batch experiment series so that DCPD was precipitated spontaneously in soil
environment. The method was tested under simulated rainfall of different
intensities and for different types of soil. Results of the present work showed
that the precipitation of DCPD is a promising application against erosion
phenomena.



