fivrugy ntunsrinn: nrsmnuisusloanosaainuai e eonainssuy
nanfredinmaeamnssunlaiudlendwasnssuiunisanasneuluanglan
(PHOSPHORUS RECOVERY FROM BIOGAS EFFLUENT OF TAPIOCA STARCH
INDUSTRY BY PRECIPITATION AS STRUVITE)

8191581USn W Jemans1ansed as. a3e1 Busnuuas, 228 wih.

AdAey : Msvaudsuleaiesa/nsanaznew/anslil/seuunanfingdnn

v o [ a

fudendsdnduiinasugiandfneiaviaesUszama algnamnssuuussusiu
ddgnddnfundadusiuunn dedunsyuiunisndnud afudUsndedu sxdnisldi
UTuaumnn aiama"[,ﬁ‘f’lL%&Jﬁgﬂﬂa'as;laaﬂﬁﬂ%mmmi%uw%éuawhm’maﬂﬂiﬂqa Fefleanirih
deoarnnisnanut afuduznddlunaninedanim (Biogas) wiegslsAnuuig o W
ﬂﬁzmumﬁmamﬁ”w%amwsﬁ’qmﬁﬂ%u'}mmimmiaqm%aasﬂuﬁ’] Town Woanwesa wuntidew
weluen waa@ey wazlnuwnadeu dwaliAnnsnedulundnvesudanduluviossuis
i LLazmﬂﬁqaqzjLmémf’]ﬁiimwa%da’LﬁLﬁmﬂzgm Eutrophication 1 tilesannluthiia
famefloefUsenouretarse isi sududenisiasfivlnvesiis taun lulasiauwas
woavoa Wudy dey nmavaudsuuiuamswoarefandumnldusslesiuenanndaely

1 Y] 1

nsidmnslilamuinnsgiuies deanunsatdiewntulaymanduludurisuasdymuaiiv

[
v Ao

mainld Tunsinyidensdiinguszasdifiofnuuszaniamnismuisuneanadanin
¥t afieenanssUUNENRITTINIM WUy Up-flow Anaerobic Sludge Blanket (UASB) wag
5¥UU Covered Anaerobic Lagoons (CL) A1nanavnssunlsduduends uazfnwanieg
Hadefimnzanlunsifnsdnanslo 16ud slnansiadiidin sasdrlua A1 pH Gudu uas
szezhasanazneuiinzan wazluAnwilassaiiwdnanglai 91nnsAnen wud
NISLANEISLAL MO way KH,PO, Profinlszansnmnisiisaneama (PO>) warnisiin
wananslvildfiian delanuaenndosiunanisiiaszinzneude 1a3eaile WAXS doya
FaelUsunsy MINTEQ wazn1smdalutingis Tnewuinaniieflmungan Ao naifudae
KH,PO, 78 ms1dulua PO,> Windy 1.8 mM 771 pH 10.0 LAZI28LIAINITANALNDU
24 $Ta3 fUsgAvBnmmatida PO,> gegevidlutiileanszuu UASB uae CL Sevay 85.46
ey 82.37 uavdTosarvandnanslivigeanindu 80.76 uay 85.28 MuaIRU LATNAIN
nsAnyRaunamans wanainiiuindnsuimesufisemannagnauangliiluihisan

58UV UASB @0nAaadnUaNNISIaUNAAIERAS D UAUNL N AT 117U 0.0128 hrt



nan13dnw laauisaudrlyussgndldluniseanuuudunuudnnasnaundnans i

weUsglerilunsvyuisuneanasanmihianduinliusslovila

Y 1Y o A -1 6 & &
ANV AAINTTUSULINADI ANYUDTIUNANWYN &ﬁmtwm%ﬂ ........

........... oG

Un1sAnw 2567 aneiieteeasdnusnw ... @ﬁ .....................



PICHAMON MUNKRATOK : PHOSPHORUS RECOVERY FROM BIOGAS EFFLUENT OF
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Tapioca is an important economic crop in Thailand and is processed into starch.
The starch production process uses a significant amount of water and the wastewater
effluent contains high concentrations of organic substances and pollutants. The
traditional wastewater treatment method used in the tapioca starch production
industry generates biogas as a byproduct while the effluent from the biogas production
process contains residues such as phosphorus, magnesium, ammonium, calcium, and
potassium. These substances can cause blockages in wastewater pipes and contribute
to eutrophication when discharged into natural water bodies because the effluent
contains essential nutrients necessary for plant growth such as nitrogen and
phosphorus. Recovering phosphorus from the wastewater treats the effluent to meet
the permissible pollution standards and also addresses issues such as pipe clogging.
This research evaluated the efficiency of phosphorus recovery from the tapioca starch
biogas production industry effluent, with a specific focus on Up-flow Anaerobic Sludge
Blanket (UASB) reactors and Covered Anaerobic Lagoons (CL). The optimal conditions
for chemical additives, molar ratios, initial pH values, and flocculation times were
investigated, and the structure of the struvite precipitate was studied. Adding the
chemical agents MgO and KH,PO, increased the effectiveness of phosphate (PO,*")
removal and struvite formation, consistent with the analysis results of wastewater
treatment using WAXS tools and MINTEQ program data. The addition of KH,PO, at a
molar ratio of PO,>" to 1.8 mM, pH 10.0, and a 24-hour flocculation period achieved
the highest PO,>" removal efficiency in wastewater from the UASB and CL systems at
85.46% and 82.37%, respectively while the maximum struvite precipitation efficiency
reached 80.76% and 85.28%, respectively. Kinetic studies showed that the reaction
rate of struvite precipitation in wastewater from the UASB system followed a first-order

kinetics equation with a rate constant (k) of 0.0128 hr. These findings can be applied



to design pilot-scale struvite precipitation reactors for efficient phosphorus recycling

from wastewater.

School of Environmental Engineering Student’s Signature X

Academic Year 2024



