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Tém tit. Trich ly photphorus (P) trong bun thai da tach nudce tir hé théng xtr Iy nudc thai do thi la
giai doan quan trong nham chuyen hoéa hop chat P trong thé ran thanh dang hoa tan dé co the phan
tach va thu hoi dudi dang san pham sach. Ngoai ra, t6i wu hoa cac diéu kién trich ly rat can thiét
dé giam thiéu dén murc thap nhat mutc do st dung hoa chit va tai nguyén nudc trong phat trién quy
trinh thu hdi P. Nghién ctru nay két hop qua trinh thi nghiém thuc nghiém va mé6 phong bang cong
cu thity hoa Agion-PRO dé xac dinh cac diéu kién trich ly phu hop nhat nham t6i wu trich ly P. Tac
nhan trich ly, ti 1¢ pha long- -ran, nong do va thoi gian tlep xuc phan ng dugc xac dinh la cac diéu
kién can t6i wu hoa. Ti 1é pha long- rin va ndng d6 chét trich ly c6 méi tuong quan V0’1 nhau dén
kha nang trich ly giai phong P trong bun. Tai H2SO4 1.1M, ti 1& pha 1ong-rin 5 ml g va thoi gian
tiép xtic 60 phit dugc xac dinh mang lai hiéu qua trich ly P t6i wu nhét, khoang 85 + 3%.

T khoa. Bun thai, m6 phdng, nudc thai do thi, thu hoi photpho, trich ly

1. GIOI THIEU

Phét pho (P), mét nguyén t6 vo cung quan trong cho sinh truong va phat trién thyc vat, dong vai
tro then chdt trong dam bao san Xuat va an ninh lwong thyc toan cau. N6 dong gbp quan trong
trong qua trinh téng hop DNA, RNA va cac phan tur truyen nang luong, 1a nén tang co ban cho qua
trinh phat trién cay trong. Do vy n6 dong vai tro then chdt trong van dé an ninh lugng thyc toan
cau.
P la mét nguyén t6 chu yéu duoc khai thac tir d4 phosphate - mot nguon tai nguyén hitu han chira
ham luong phot pho cao. Dy trir P dugc tim thdy chi phan bb cha yéu tai mot s6 qudc gia, ving
lanh tho trén thé gi6i nhu Ma- -rdc, Trung Qubc, An-gié-ri va Hoa Ky, chiém khoang 87% trir lugng
toan cau [1]. Khi nhu cau luong thuc gia tang do dén sO tang, tinh trang sin c6 cta dy trit P tro
thanh mdi _quan tam rat 16n cua cac qudc gia.
Quén 1y bén vimng ngudn du trir da phosphate 1a didu can thiét dé ngan ngira can kiét tai nguyén P,
cling nhu han ché tac dong dén an ninh thuong thuc trong bdi canh nhu cau san xuat luong thuc
khong ngumg gia tang trén toan cau. Céc phuong phap nong nghiép hién dai tap trung vao t6i uu
hoa san xudt, sir dung P hiéu qua, giam thiéu dong chay va 6 nhiém moi trudng ludn dugc quan
tam. Ngoai ra, thu hdi P tir chat thai hiru co, phu phdm nong nghiép, cong nghiép ciing mang dén
nhimg giai phap kha thi dé bao vé va str dung tai nguyén nay hop Iy hon.
Thanh phé H6 Chi Minh 1a d6 thi 16n c6 dan s6 gan 9.5 tridu nguoi nam 2022 [2]. Nam 2018, luu
luong nudc thai sinh hoat tai thanh phd HO Chi Minh vao khoang 1,337,000 m>/ngdy. Nha may xir
1y nudc thai d6 thi Binh Hung c6 cong suit 16n nhat thanh phé HO Chi Minh, khoang 141,000
m?/ngay va c6 ké hoach dua vao hoat dong giai doan 2 nam 2023, nang tong cong suat 1én gan
469,000 m*/ngay. Ti 1é nudc thai d6 thi dwoc thu gom va xir 1y tai thanh phd HO Chi Minh cao
nhat khu vuc phia nam Viét Nam, tuy nhién ciing chi khoang 21.2% [3]. Theo nghién ctru cta
Khang va cong su cho thay trit luong P trong nudc thai sinh hoat toan bo dan cu 19 tinh, thanh
khu vire Nam bo ¢6 thé 1én dén 3,800 tin/nam. Trong do, trit lugng P tinh theo luu lugng phat thai
nudc thai sinh hoat tai thanh phé Hd Chi Minh nam 2018 1én dén hon 1,200 tin/nim [4]. P trong
nudée thai chit yéu duogc loai bo thong qua co ché loai bo sinh khdi bun thai hodc qua trinh héa Iy.
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Bun thai tuy chira ham lugng P 16n nhung khong thé sir dung tryc tiép nhu phan bon trong ndng
nghi¢p do van con su hi¢n dién cua cac mam bénh, cac kim loai nhu Al, Fe hay tham chi 1a cac
kim loai nang. Do vay trit lugng P tr bun thai dugc thu hdi chon loc c6 thé mang lai y nghia 16n
v& mat tai st dung cling nhu han ché dugc cac anh huong cua céc tap chit nhu kim loai nang va
cac mam bénh khi né dugc sir dung nhu phan bén.

Giai phong P trong bun thai ¢6 thé dugc thuc hién thong qua cac phuong phap hoa hoc, hoa 1y
hodc phan huy sinh hoc ky khi. Tuy phuwong phap sinh hoc rat than thién voi méi trudng nhung
hiéu qua giai phong P tir bun thai con rat han ché [5]. Qua trinh trich ly P bang phuwong phap hoa
w6t 13 sir dung cac tac nhan long nhu axit hay bazo hoidc cac dung dich thir nghiém khac nhdm
trich ly giai phong P trong bun thai. Trong d6, axit va bazo la 2 tac nhan dugc nghién ctru va ing
dung rong rai nhat dé hoa tan P [6]. Qua trinh trich ly P bing dung dich axit hay bazo déu c6 thé
dan dén kha ning hoa tan cac hop chit kim loai khac trong bun. Mot s6 hop chét kim loai phd bién
thudng hay gip trong bun thai bao gdm canxi photphat Ca-P, sat photphat Fe-P, va nhom photphat
Al-P. Qua trinh hoa tan cac hop chat ciia P ndy bang phuong phép hoa uét co thé duoc thé hién
nhu cac phuong trinh sau [7, 8]:

AIPO; + 4NaOH - 4Na" + [AI(OH)s]” + PO4* (1)
Cag(Al)(PO4)7 + 21H = 9Ca?" + A" + TH3PO4 )
AIPO4 + 3H" > AP* + H3POq4 3)
Fe3(PO4), + 6H" = 3Fe* + 2H3POq4 4
FePO4 + 3H" > 3Fe** + H3PO4 Q)

Ngoai viéc xac dinh tac nhan c6 kha niang hoa tan hiéu qua P trong bun thai thi cac diéu kién trich
ly ciing dong vai trd then chét dé dat dugc nhing hiéu qua tdi wu. D3 c6 nhiéu nghién ciru trich ly
P tr tro bun (san pham tir qua trinh nung bun & nhiét d¢ 550°C trong 5 gio) [9] bang phuong phap
hoa uét duogc cong bd va cho thdy hiéu qua trich ly P rat 4n tuong. Nghién ctru ciia nhom tac gia
Donatello va cong sy [10] va nhém Ottosen cung cong su [11] cho thay sir dung H2SOs trich 1y P
trong tro bun thai c6 thé dat hiéu suat 1én dén 100%. Trong khi d6 trich ly P tir bun kho bang HCI
hodc NaOH cho hiéu qua thap hon, twong tGng khoang 85% va 54% [12]. Mic du phwong phap
hoa udt c6 thé gitip dat dugc hiéu qua trich ly P cao nhung murc d6 tiéu thu hoa chat va nang luong
trich ly co thé 1a tr& ngai 1on 1am giam sy hap dan dé co thé ung dung giai phap nghién ctru vao
thyc té [13]. Hiéu qua trich ly P phu thude rat nhleu vao céac diéu kién doc 1ap nhu lidu lugng tac
nhan trich ly, ti 1¢ pha long- rin (LR), thoi gian tiép xtc ciing nhu thanh phan tinh chat bun dau
vao [14]. Trong do, LR 1a ti 1€ gitra thé tich tic nhan trich ly (ml) va khéi luong bun khoé dugc trich
ly (g). Nghién ctru nay véi muc dich tdi vu héa cac diéu kién trich ly P thong qua timg budc xéac
dinh tac nhan trich ly ciing nhu cac thong s tdi wru, va mbi lién hé giita ching dén kha nang giai
phong P. Nghién ctru khong chi thyc hién cac thi nghiém thue nghiém ma con két hgp mo phong
can bang hoéa hoc dya vao chuong trinh phan mém thuy hoa Aqion-PRO nham danh gia va cung
b cac két qua nghién ctru trich ly P tir bun thai giap t61 uu hoa cac thong sb trich ly. Nghién ciru
trich ly P ¢6 su két hop thi nghiém thyc nghiém va mo phong thong qua céng cu Agion- PRO chua
duoc thuc hién.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Chuin bi miu bun va phwong phap phan tich

Bun thai str dung trong nghién ctru nay duoc 14y tir nha ‘may xu ly nudc thai do thi tap trung Binh
Hung, thanh phd H) Chi Minh. Bun dugc tach ra chi yéu tir bé xtr 1y sinh hoc théng qua qua trinh
lang sinh hoc. Hon hop bun 16ng sau do dugc tach nudc thong qua thiét bj tach nudc tryc vit va
duoc str dung cho nghién ctru. DO 4m ciia mau bin duge xac dinh bang thiét bi do am chuyén dung
(MA150, Sartorius, Ptrc). Quy trinh x4c dinh d6 am nay duoc tién hanh bang cach siy kho mot
luong khoang 40 gram bun sau tach nuée. May do ¢ 4m nay két hop chirc ning can phan tich voi
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co ché séy héng ngoai, dat dugc do chinh xac dén 0.001 gram dé xéac dinh d6 4m. Tiép theo, bun
duoc dinh hinh theo dang soi “sludge spagetty” nham ting hiéu suét sdy kho [15] dén khdi luong
6n dinh & nhiét d6 105°C bang thiét bi sy hoan luu cudng bic (Memmert, Diic). Trong nghién
cuu nay, sau khi duoc séy kho, bun duogc nghién min va st dung cho céc thi nghiém.

Thanh phan P trong bun dau vao dugc xac dinh théng qua phuong phap pha mau da duoc phat
trién thong qua dy an co tén “Horizontal” do lién minh Chéau Au tai tro [16]. Dy an nay dugc Lién
minh Chau Au tai trg nhdm muc dich x@y dung phuong phap tiéu chuan trong phan tich thanh
phan chét trong bun thai, dat va cac chat rin sinh hoc dd qua xt 1y. Ngoai ra, cac thanh phan
photpho v ¢6 (IP) va photpho hitu co (OP) ciing duoc xac dinh dira trén phuong phap duoc kiém
chtng tir chuong trinh Tiéu chuin do luong thir nghiém (SMT) [17] duoc Uy ban Chau Au dé
xuét. Hon hop dam dic HNOs 65% va HCI 37% dugc sir dung dé hinh thanh méi truong hdn hop
nudce cuong toan pha v cac lién két cdu trac clia phan tir trong bun ¢ nhiét d6 100°C trong 2 gid.
Hon hop sau khi pha miu dugc phan tach 1ong-ran bang thiét bi xylanh loc str dung mang loc ¢6
duong kinh 25mm va kich thudc 16 rdng loc 0.45micromet (SYRINGE, Finetech, Pai Loan). Dung
dich 16ng thu dugc duoc pha lodng bang dung dich HNO; 5% dé phan tich xac dinh nbng do P,
cac kim loai nhu Fe, Ca, Al, Mg va ca cac kim loai nang nhu Cr, Pb, Cu bang may quang phd phat
xa plasma két hop (ICP- OES) (SPECTRO BLUE TM, Spectro, Dtrc). Tinh chét va thanh phan
chat trong bun kho duoc thé hién trong bang 1. Ham lugng P va cac kim loai trong cac thi nghiém
cling dugc xac dinh bang phuong phap phan tich trén thiét bi ICP-OES.

Thanh phan chit trong miu bun khé dugce tinh toan theo cong thirc

khéi lwong chit (mg)

%Wt =
% khéi lwong bun khé (mg)

%100 (6)

Bang 1: Thanh phan bun tir nha may xtr 1y nude thai d6 thi Binh Hung

Thanh phén Pon vi do Gia tri
Do 4m (bun sau ép nudc) % 85
TP g kg! bun kho 154
OP g kg'! bun kho 3.7
P g kg! bun kho 11.7
Fe g kg! bun kho 13
Al g kg! bun kho 8.8
Ca g kg! bun kho 22
Mg g kg! bun kho 10.1
Cr g kg'! bun kho 0.54
Pb g kg! bun kho 0.12
Cu g kg'! bun kho 0.40

2.2. M phéng tbi wu héa bang cong cu thity héa Agion-PRO

Aqion-PRO [18] la phan mém thiy héa duoc 1ap trinh dya trén nén tang ngdn ngit 1ap trinh C++.
N6 1a cau nbi giai quyét cac han che tir cac phan mém khoa hoc nhu PhreeqC [19] v&i don thuan
tinh toan xoay quanh cac thong s6 dong luc hoc trong héa hoc nhur logK, cuong d¢ ion, chi s6 bao
hoa (SI) hoac phéan ng chuyen pha. Cac dang hop chat thanh san pham dau ra duoc chuyen do6i
don gian thuong gap nhu noéng do mol, khéi luong, do kiém, do cing, kha nang dém, do dan dién
va ca pH can bang, san pham két tia. Nghién ctru nay ing dung phan mém thuy héa Aqion-PRO
¢6 ban quyén dé thuc hién cac tinh todn moé phong cac qua trinh hoa hoc (chi yéu dbi véi cac phan
ung vo co) xdy ra nham tdi wu héa cac diéu kién trich ly va giam thiéu thuc hién céc thi nghiém
khong can thiét. Ngoai ra két qua tir mo phong ciing 13 co s& d6i chung va cing cb cac két qua
nghién ctru tir thye nghiém. Dir lidu d4u vao tinh toan mo phong 1a tong ham lugng P ciing nhur
mot sb kim loai nhu Fe, Al, Ca, cac kim loai ning c6 trong bun sir dung trong nghién ctru nay. Céc
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dif liéu ndy cing véi céc bién khao sat nhu loai hoa chat dung trich ly, ndng do chét trich ly hay
LR s& dugc khai bao phu hop véi timg myc tiéu m6 phong. Thong s6 thanh phan bun dau vao
tuong ng voi cac LR khac nhau s dung d€ thyc hién tinh todn thuy héa trén Aqion-PRO dugc
thé hién chi tiét trong bang Phu luc.

2.3. Phwong phap phan tich phwong sai

Cung vé6i két qua tir nghién ctru thong qua thi nghiém va mé phong, phuong phap ‘ghéng ké phan
tich phuong sai (ANOVA) dugc sir dung trong nghién ctru nay dé danh gia cac moéi lién hé gitra
cac bién doc 1ap (di€u kién trich ly) va hi€u qua trich ly giai phong P cling nhu cac kim loai.
Phuong phap ANOVA don bién va da bién dugc sir dung nham danh gia cac moi lién h¢ gitra cac
bién doc 1ap (LR, nong do) dén bién phu thudc (hi€u suat trich ly). Ngoai ra, phuong phap Tukey
trong phan tich phuong sai cling duoc sir dung dé so sanh trung binh, tim sy khac biét c6 tinh
thong ké gitra cac cdp nhoém.

2.4. Quy trinh thuc hién nghién ctru trich ly phosphorus

Trich ly P trong bun sinh hoc duoc thuc hién bang phuong phap héa uét, bao gdm trich ly trong
moi trudng axit va ca moi truong co tinh kiém cao. Cac hoa chat HCI, H2SO4, HNO3 va NaOH
(Duksan, Korea) dugc str dung dé chuin bi mdi truong trich ly P. bé sang loc loai hoa chét phu
hop cho qua trinh trich ly P, mdi 1g bun kho min duge str dung cho vao twong tng vao 20ml dung
dich HCI IN, HNO; 1N, H2SO4 IN va NaOH IN dé hoa tan P ¢ diéu kién duoc dao tron bfmg may
lac (GFL 3015, Pirc), nhiét d6 phong thi nghiém trong thoi gian 2 gid. Hon hop sau trich ly duoc
phan tach pha 16ng-rin thong qua 2 budc bang cach sir dung may ly tim (DM0636, DLAB, Trung
Quéc) va tiép d6 loc qua mang loc c6 duong kinh 16 loc 1pm nham loai bé hoan toan chét rin
khong tan. Dung dich thu dugc sau trich ly dugc phan tich ham lugng P cling nhu cac kim loai
bang thiét bi ICP-OES. Loai hoa chit sau qua trinh sang loc co ban s& dugc sir dung dé thuc hién
céc nghién ctru tiép theo. Ti 16 pha LR duoc didu chinh thay doi tir 3 dén 25 va nong d6 mol (M)
chat trich ly dugc diéu chinh tir 0.1 dén 2 mol L', trich ly trong 120 phit & nhiét d6 méi trudng
phong thi nghiém. Téng hop thong sb quy trinh thuc hién dugc thé hién nhu trong bang 2. Sau khi
xéac dinh duogc cac diéu kién t6i uu vé ndng d6 va LR, thoi gian thyc hién trich ly dugc khao sat tir
30 dén 240 phit voi mdi budc diéu chinh lién ké cach nhau 30 phit.

Béng 2: Ma trdn md ta thi nghiém anh huéng ciia LR va ndng d tac nhan trich ly P

LR Nong dd Axit/bazo, (mol L)

01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 2.0
3 103.01 t03.02 t03.03 t03.04 t03.05 t03.06 t03.07 t03.08 t03.09 t03.10 t03.11 t03.12 t03.13 t03.14 t03.15 t03.20
5 105.01 t05.02 t05.03 t05.04 t05.05 t05.06 t05.07 t05.08 t05.09 t05.10 t05.11 t05.12 t05.13 t05.14 105.15 t05.20
7 T07.01 t07.02 t07.03 t07.04 t07.05 t07.06 t07.07 t07.08 t07.09 t07.10 t07.11 t07.12 t07.13 t07.14 t07.15 t07.20
9 T09.01 t09.02 t09.03 t09.04 t09.05 t09.06 t09.07 t09.08 t09.09 t09.10 t09.11 t09.12 t09.13 t09.14 t09.15 t09.20
11 t11.01 t11.02 t11.03 t11.04 t11.05 t11.06 t11.07 t11.08 t11.09 t11.10 t11.11 t11.12 t11.13 t11.14 t11.15 t11.20
13 t13.01 t13.02 t13.03 t13.04 t13.05 t13.06 t13.07 t13.08 t13.09 t13.10 t13.11 t13.12 t13.13 t13.14 t13.15 t13.20
15 t15.01 t15.02 t15.03 t15.04 t15.05 t15.06 t15.07 t15.08 t15.09 t15.10 t15.11 t15.12 t15.13 t15.14 t15.15 t15.20
17 t17.01 t17.02 t17.03 t17.04 t17.05 t17.06 t17.07 t17.08 t17.09 t17.10 t17.11 t17.12 t17.13 t17.14 t17.15 t17.20
19 t19.01 t19.02 t19.03 t19.04 t19.05 t19.06 t19.07 t19.08 t19.09 t19.10 t19.11 t19.12 t19.13 t19.14 t19.15 t19.20
21 t21.01 t21.02 t21.03 t21.04 t21.05 t21.06 t21.07 21.08 t21.09 t21.10 t21.11 t21.12 t21.13 t21.14 t21.15 t21.20
23 123.01 t23.02 t23.03 123.04 t23.05 t23.06 t23.07 t23.08 t23.09 t23.10 t23.11 23.12 t23.13 123.14 123.15 t23.20
25 125.01 t25.02 25.03 125.04 t25.05 t25.06 t25.07 t25.08 25.09 t25.10 25.11 25.12 t25.13 125.14 125.15 t25.20

Hi¢u qua trich ly dugc tinh dya trén ti 1¢ gitra khdi lugng chét hoa tan thu duoc va khoi luong
chat do c6 trong mau dé trich ly, dugc thé hi¢n qua phuong trinh 7 sau:

khoi lwong chit hoa tan thu dwgc (mg)
E% =

x 100 (7)

khéi lwong chit trong miu bun (mg)
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3. KET QUA VA THAO LUAN

3.1. Khio sit trich ly trong méi truong kiém va axit

Trich ly bun tai LR =20 ml g! trong 120 phut bang HCI IN, HNOs IN, H2SO4 IN va NaOH IN
cho thiy su khac biét dang ké vé hiéu qua trich ly P ciing nhu mét sé kim loai gitra méi trudng co
tinh axit va tinh kiém cao. Hinh 1 thé hi¢n hi¢u qua trich ly P va c4c kim loai Al, Fe va Ca clia cc
tac nhan khac nhau. Hiéu qua trich ly P bang céc axit dugc ghi nhan dat trong khoang tir tir 86 dén
92%, trong khi d6 P hoa tan trong dung dich sau trich ly bang NaOH khong duoc ghi nhan. Tuong
tu nhu P, ham luong Fe va Ca hoa tan trong dung dich sau trich ly bang NaOH ciing thap hon rat
nhiéu so voi dung dich trich ly bang céac loai axit. Sy hinh thanh cac hop chét khoang két tia cia
Ca-P hoic cac két tua cua sit hydroxide trong diéu kién méi truong kiém cé thé 1a nguyén nhan
lam gidm ham lugng P, Ca va ca Fe dugc gidi phong trong dung dich trich ly.

Fe’" + 30H - Fe(OH)3 (8)
3Ca* + 2P04* - Ca3(PO4): 9)
MBoi trudng kiém hay méi trudng axit cho thay khong c6 su khac biét nhiéu dén hiéu qua trich ly,
hoa tan Al trong bun. Gan 100% ham luong Al trong bun hoa tan trong dung dich trich ly HCI IN,
HNOs IN, H2SO4 1IN va NaOH IN. Két qua nghién ctru ndy c6 sy twong dong véi cong b trong
nghién ciru ctia Sano va dong nghiép (2012) [20] va cua nhom tac gia Schaum va dong nghiép
(2007) [21]. Céac nghién ctru nay cho rang cac hop chét Al-P déu c6 thé hoa tan trong ca moi truong
axit va kiém & cac mtrc do khac nhau.
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Hinh 1: Hi€u qua trich ly P va céc kim loai Al, Fe va Ca trong cac mdi trudong khac nhau

Kha ning hoa tan kim loai ning trong bun cta cac tic nhan anh hudng truc tiép dén giai phap quy
trinh thu hoi P trong dung dich trich ly, do vdy dung dich trich ly it hoa tan kim loai ning duoc
xem 14 ¢6 wru diém hon. Hinh 2 cho thdy kha ning hoa tan kim loai ning trong bun béi cac dung
dich trich ly khac nhau. Ham lwong Cu va Cr hoa tan trong dung dich sau trich ly bang HCI, H2SO4
va HNO; duoc ghi nhin trong duong véi lwong c6 trong mau bun. Dung dich NaOH cho thay kha
ning hoa tan cac kim loai ning nhu Cu, Cr thip hon so véi cac dung dich trich c6 tinh axit. Pb 1a
kim loai nang c6 hiéu qua hoa tan trong dung dich H>SO4 thip nhit, khoang 30%.
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Hinh 2: Kha nang hoa tan cac kim loai nang trong bun tai cac moi truong khac nhau

Dung dich NaOH cho thay kha ning hoa tan rat thap cac hop chéat kim loai ning trong bun, day 1a
loi thé khi tinh dén mrc do sach cua dung dich trich ly P nham muc dich thu hoi. Tuy nhién, hi¢u
qua trich ly P ctia dung dich NaOH lai rat thap nén khong c6 tinh kha thi. Trich ly P trong moi
truong HaSO4 va HNOj3 cho thay hidu qua hoa tan P twong dwong nhau, khoang 90%. So sanh vé
hiéu qua chi phi trich ly P tir bun thai cho thay st dung dung dich HSO4 ¢6 vu diém 16n dé lya
chon do gia thanh thép hon réat nhiéu so véi str dung HNO3 [22]. H2SO4 dugce chon 14 dung dich
trich ly phu hop nhat dé hoa tan P tir bun thai hé thong xir Iy nudc thai d6 thi cho muyc dich thu
hoi.

3.2. Vai trd ciia ndng do axit va ti 1¢ pha trong trich ly P va cac kim loai

Céc phan tng hoa hoc c6 thé xay ra giita cac hop chit P trong bun véi H2SO4 dugce thé hién nhu
trong cac phuong trinh (2) dén phuong trinh (5). Can bang phan ng hoa hoc cua cac phuong trinh
nay cho thdy dé c6 the trich ly hoan toan P trong cac hop chat thi ti 1¢ mol giira H' va P phai tbi
thiéu 3. Pay 1a ti 1¢ tdi thiéu can thiét dé trich ly hoan toan P trong bun. Trong thanh phan ciia bun
tir hé thong xtr Iy nudc thai con chira cac thanh phan hop chét ¢6 kha nang phan Gmg voi H trong
dung dich trich ly nhu cac hop chit CaO, MgO, FeO, do vdy ham luong H2SO4 can dé trich ly
hoan toan P trong bun 16n hon so véi cac tinh toan can bang thong thuong. Lidu lugng axit HoSO4
duoc st dung co vai trd rat quan trong dén kha nang trich ly P trong bun. Hinh 3 cho thiy c6 su
lién hé giira luong axit dugc st dung théng qua thay doi nong dd HoSO4 ciing nhu LR dén hiéu
qua trich ly P & nhiét d6 phong. Nong do H,SO4 ting cho thiy hiéu qua trich P ting 1én dang ké.
Tai LR = 5, hiéu qua trich ly P c6 thé dat trén 50% tir H2SO4 0.1M. Trong khi d6, hiéu qua trich ly
P chi c6 thé dat trén 50% tir cac LR 17, 8, 5 va 4 tai cac néng do H2SO4 tuong tng 12 0.1M, 0.2M,
0.3M va 0.4M. Tai LR =9 va H2SO4 1M cho thay hiéu qua trich P ¢ thé dat 90%, tuy nhién hiéu
suat trich P ciing c6 thé dat khoang 90% tai H-SO4 0.5M, LR = 19. Twong tu, cac két qua trich ly
cho thiy c6 méi quan hé giita ndng do H2SO4 va LR dén hiéu qua trich ly P.

Két qua phan tich phuong sai 2 bién (ANOVA2way) cho thiy c6 mbi quan hé cta yéu t6 ndong do
H>SO04 va LR dén hiéu qua trich ly P (p-value =2.1 10° 6). Phan tich doc lap cac bién ciing cho thay
¢6 sy khac biét mang y nghia thong ké vé hiéu qua trich ly P khi thay d6i LR va nong do (0=0.05
> p-value tuong tng 1a 2.33 10° Bval410 16) P c6 thé dat hiéu suat trich ly cao trong méi quan
h¢ gitra nong d6 va LR, diéu nay cho thay dleu kién trich Iy P hiéu qua cao co nhiéu Iya chon khac
nhau. Do vay, can phai xem xét thém cac yéu to khac trong d6 bao gobm murc do su dung hoa chat
(H2S04) trich ly, kha ning loc phéan tach pha 16ng ran sau trich ly va mtc d6 nhidm cac tap chat
khong mong doi (cac kim loai, kim loai ning) trong dung dich thu dugc sau trich ly 13 rat can thiét.

44



Tac gia: Vii Dinh Khang va Cong sy

[ (%)

| 95.5
| 86.1

76.8

(%) d A1 yoya enb N3H

Hinh 3: Mbi tuong quan giita ndng d6 H,SO4 va ti 18 pha dén hiéu qua trich ly P

M&i lién hé gitra néng d6 va LR dén hiéu suit trich ly cac kim loai Ca, Al dugc thé hién tuong ing
tai cac hinh 4a va 4b. Tai cac LR tir 3 dén 13, trong khoang nong d6 HoSOx tir 0.1 dén 0.3 cho thiy
¢6 su khac hidu qua trich ly Ca thay d6i theo xu hudng giam dan. Khoang gysum (CaSO4.H,0) ¢o
thé hinh thanh trong qua trinh sir dung H2SO4 trich ly P trong bun chira Ca. Cac ion Ca hoa tan
trong dung dich trich ly phan tmg v&i SO4> trong dung dich H2SO4 hinh thanh khoang két tiia
gypsum c6 thé 1a nguyén nhan lam giam ham luong ion Ca?* hoa tan din dén hiéu suét hoa trich
ly Ca gidm. Nghién ctru ctia Ottosen va cong su (2013) va Donatello cung cong su (2010) sur dung
axit sunfuric trich ly P trong tro bun cling ghi nhén sy hinh thanh cua khoang gypsum trong tro
bun du sau qua trinh trich ly [22, 23]. Luong gypsum hinh thanh nay c6 kha nang lam tang thé tich
ctia tro bun thai va gay tac dong tiéu cuc dén quy trinh thu hdi P do can phai xtr 1y thém lugng chat
thai phat sinh. Gypsum dugc sinh ra cling cé thé duoc su dung nhu 1 loai nguyén li€u nhe ung
dung trong xay dung, co thé thay thé hodc phdi tron v6i xi mang [24].
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Hinh 4: Mbi twong quan giita ndng d6 H,SO4 va LR dén hiéu qua trich ly Ca (a) va Al (b)

K&t qua nghién ctru cling cho thy khi tang LR = 14 dén 25 tai bat ky nong do dugc khéo sét nao
hogc LR = tur 3 dén 13 tai cac néng do lon hon 0.3M lai cho thdy xu hudng tang hi€u qua trich ly
Ca. Nong do H2SO4 hay LR diéu chinh ting déu lam ting ham luwgng H' trong dung dich trich ly,

didu nay dan dén kha niang hoa tan trg tai cac khoang gypsum trong moi truong co tinh axit manh
hon.
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Hinh 4b cho thay kha ning trich ly nhom tai cac ndng d6 axit khac nhau twong ting véi LR dugc
nghién ciru tur 3 dén 25. Hau hét cac hop chat cua Al trong bun dugce ghi nhén hoa tan gan nhu
hoan toan trong diéu kién trich ly tai LR 16n hon 7 tai bat ky nong d¢ axit nao dugc khao sat.

Bun thai tir hé thong xir Iy nude thai do thi ngoai chira nguyén té P, nd con bao gém cac hop chét
khac. Nong do hay ham luong H2SO4 duge st dung dé dat hi¢u hiéu qua trich ly khong phai h¢ 5O
ap dung chung cho tt ca cac loai bun. Hinh 5 cho thdy mdi twong quan giita pH can bang cta
dung dich sau trich ly dén kha ning giai phong P va cac kim loai nhu Al va Ca. Xu huéng hiéu
qua trich ly P (hinh 5a) va Ca (hinh 5b) cho thay gitta LR va ndéng d6 HaSO4 c6 mdi twong quan
vOi nhau. Trong nghién ctru nay, chi s6 pH cén bang cta dung dich sau trich ly dugc st dung nhu
mau sb chung dé phan 4nh muc do giai phong P va cac kim loai trong bun. Hiéu qua trich ly P ¢6
thé dat >90% tai cac pH can bang nho hon 0.5, ddng nghia véi tai cac méi trudng trich ly ¢6 ham
luong [H'] cao. Al hau nhu duoc hoa tan hoan toan tai cic pH can bang nhé hon 1.5 (hinh 5a).
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Hinh 5: Mbi twong quan giita pH c4n bang trong dung dich sau trich ly va hiéu qua trich ly P, Al (a) va Ca (b) tai cac
LR khac nhau

St dung phuong phap trich ly bang H2S04 khong chi hoa tan giai phong P ma con hoa tan cac kim
loai tap chat khong mong mudn vi du nhu Al, Ca va Fe. Do vy, thong s diéu kién trich ly mang
lai hiéu qua hoa tan P cao cung v6i ham lugng cac kim loai hoa tan trong dung dich sau trich ly
thap 13 wu tién lya chon trong phat trlen quy trinh thu h6i P. Ngoai ra, muc do tiéu thu HaSO4 trong
qua trinh trich ly P cling anh hudng rat 16n dén tinh kha thi Gtmg dung vao thuc te Chinh vi thé,
trong nghién ctru nay ngoai danh gia cic hiéu qua trich ly giai phong P va mot sd kim loai chinh
trong bun tur thuc nghiém thi ham luong H>SOy4 tiéu thu twong tmg véi1 hi€u qua trich ly thu dugce
thong qua mod phong trén phan mém Agion-PRO ciing dugc thyc hién. Noi dung trong hinh 6 1a
két qua mo phong thé hién mdi lién hé gitra lugng H2SO4 (mol) duoc su dung trich ly mdi kg bun
kho va hiéu qua trich ly P twong g c6 thé dat duoc. Két qua mo phong cho thiy hiéu qua trich
ly P ¢6 thé >90% khi ti 16 moluasos : kgpun > 8 Trong khoang ti 1& tir 4 dén 8 cho thdy hiéu qua
trich ly c6 thé dat tir 80-90%. Tai LR =3 ml g"! va H2SO4 1.9M (twong tmg 5.7mol H2SO4/kg bin
kho) c6 thé mang lai hiéu qua trich ly P dat 87%. Hiéu qua trich ly P ciing dat twong duong 87%
tai didu kién LR = 5 ml g' va H,SO4 1.1M (twong tng v6i 5.5 mol HaSOu/kg bun kho). Nhu vay
so sanh gitta nhom st dung lugng H>SO4 cao (= 8mol/kg bun kho) va nhoém tir 4-8 mol/kg bun
kho cho thay hiéu qua tich ly P khong co6 su khac biét 16n, trong khi d6 mirc d ti€u thy hoa chat
trich ly 1a rat khac biét. LR trong trich ly P anh huong truc tlep dén muc do sir dung tai nguyén
nuée dau vao, LR cang thap thi nhu cu sir dung nuée cang it. Diéu nay mang dén co hi tiét kiém
chi phi tai nguyén nudc. Tuy nhién dé dat dugc hiéu suét trich ly tvong duwong thi ham luong
H>SO04 sir dung can 16n hon, dan dén dung dich sau trich ly ¢6 tinh axit manh, diéu nay doi hoi cac
phai phap va vat liéu sir dung dé phan tach pha long ran phtc tap va dat hon. Ngoai ra, trich ly P
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tai cac LR thap s& han ché kha ning loc phéan tich pha 1ong -rin sau trich ly do sy hinh thanh
khoang két tiia gypsum lam ting thé tich chit ran dang sét khong tan [23, 24], dong thoi lam ting
ti 1¢ that thodt P.

Két hop két qua tir thuc nghiém va mé phong bang céng cu Agion-PRO cho thay diéu kién phu
hop dé trich Iy P cho muyc dich thu hdi nén dugc thuc hién tai LR =5 ml g”' va HaSO4 1.1IM.
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Hinh 6: M6 phong quan hé gitra lugng H2SO4 str dung cho mdi kg bun kho va hiéu qua trich ly P bang cong cu
Aqion-PRO

Kha nang trich ly P tir md phong va thuc nghiém tai LR = 5 trong thoi gian 120 phit dugc thé hién
trong do thi hinh 7. Nong 6 H>SO4 tang tir 0.1 mol L™ dén 0.5 mol L™ cho thdy xu hudng ting
manh hiéu qua trich ly P, ting tir khoang 7% lén 76 %. Tuy nhién khi tiép tuc ting ndng d6 HoSO4,
tdc do tang hiéu xuat trich ly P c6 xu hudng ting cham lai, thay doi ting trong khoang tir 76% dén
82%. Hiéu qua trich ly P c6 thé dat dén khoang gan 90% tir nong d6 HSO4 1.1M. Viée ting nong
d6 H2SO4 hon 1.1M khong c6 thay co sy khac biét dang ké nao dén xu hudng ting hiéu qua trich
ly P, diéu nay thé hién tir két qua phan tich so sanh hidu qua trich ly trung binh dbi véi cac cip
ndéng d6 tir 1.1M dén 2M theo phuong phap Tukey (nhu trong hinh 7). So sanh két qua cho thay
xu huéng hi¢u qua trich ly giai phong P tir mo phong bang cong cu Aqion-PRO va thuc nghiém
kha twong déng nhau.
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Hinh 7: Hiéu qua trich ly P tai cc diéu kién trich ly t&i wu tir thi nghiém va mo phong
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3.3. Anh huéng ciia thoi gian tiép xic trich ly

Danh gia kha nang trich ly P trén chuong trinh Agion-PRO khong thé thyc hién theo thoi gian tiép
xtc phan tmg thuc. Do viy, trong nghién ctru ndy khao sat anh hudng cia thoi gian tiép xuc trich
ly duoc thuc hién tai cac diéu kién LR 5 ml g va ndng d6 t6i vu HaSO4 1.1M di duoc xéc dinh,
trong khoang thoi gian tir 30 dén 270 phut. Hinh 8 cho thiy két qua trich ly P ciing nhu kha ning
giai phong cac kim loai Al, Ca tai cc thoi gian tiép xuc trich ly khac nhau.
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Hinh 8: Anh hudng cia thoi gian tiép xtic dén hiéu qua trich ly P, Al va Ca

Phan tich phuong sai don bién d6i vai thoi gian cho thdy c6 su khac biét mang ¥ nghia thong ké
(0.=0.05 > p-value = 0.004) d6i voi hiéu qua trich ly P. Tuy nhién, néu thyc hién so sanh d6i theo
phuong phéap Tukey giira céc cap thoi gian vé hidu qua trich ly P trung binh thi hiu nhu khéng ¢
su khac biét dang ké gitra cac cap thoi gian trich ly 16n hon 60 phut. Tai thoi gian luu 60 phit hiéu
qua trich ly P trung binh dat khoang 84%, tang thoi gian luu 1€n 120, 180 hay 240 phut thi hi¢u
qué trung binh duge ghi nhan khéng qua 90%. Diéu d6 cho thay ting thoi gian luu tiép xuc trich
ly P hon 60 phut 13 khéng can thiét. Phan tich Ca va Al hoa tan trong dung dich sau trich ly cling
cho thay c6 sy khac biét mang y nghia thong ké vé hiéu qua giai phong cac kim loai nay, trong
g chi s6 p-value = 2.53 10" va 3.54 107'°. Sy khac biét vé hidu qua giai phong (Ca, Al) thé hién
16 giita khoang thoi gian trich ly tir 30 dén 60 phut va nhém thoi gian trich ly >60 phut, twong ng
hiéu qua (35%, 89%) va (37%, 97%). So sanh véi cac két qua nghién ctru ctia Donatello va dong
nghiép cho thay P co thé hoan toan duge giai phong vao dung dich trich ly (HSOx) trong thoi gian
tiép xtic khoang 120 phut [10, 23, 25], hodc it hon 4 gio theo bao cdo trong nghién ciru ctia Biswas
va dong nghiép [26].

Str dung H2SO4 trich ly P dan dén hoa tan ca cac tap chit khong mong mudn nhu kim loai hodc
céc kim loai nang. Cac phuong phap trao doi ion [27], st dung dung mai trich ly [28] hodc két tna
chon loc phan doan [6] co thé duogc nghién ctru tng dung dé loai bo cac tap chét khong mong
mudn trong dung dich sau trich ly.

4. KET LUAN

Dung dich H>SO4 dugc sir dung nhu 1 chat trich ly hoa tan P phtt hop nhat do hidu qua cao va gia
thanh ré hon nhiéu so véi céc loai axit vo co khac hodc NaOH. Ngoai ra, st dung H>SO4 c6 thé
han ché tap chat hoa tan, nhu Ca trong dung dich thu dugc sau trich ly do sy hinh thanh két tha
gypsum. P trong bun thai tir h¢ thong xtr Iy nudce tha1 d6 thi Binh Hung c6 thé dat hiéu qua trich
ly tdi wu, khoang 85 + 3% tai diéu kién LR = 5 ml g™, H2SO4 1.1M, tuong dwong 5.5 mol H2SO4
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sir dung dé trich ly 1 kg bun khé trong thoi gian tiép xac trich ly 60 phut & diéu kién nhiét d6 moi
truong phong thi nghi¢m.

Liéu luong H2SO4 hay ti 1& pha 16ng -rin co mdi twong quan voi nhau dén hiéu qua giai phong P
trong bun. Do vay viéc xem xét doc 1ap mdi diéu kién trich ly (ndng d6 H2SO4 hay LR) khong
phan anh duoc mbi twong quan véi hiéu qua trich ly P. Téng ham lugng H>SO4 sur dung (mol
H2S04/kg bun kho) hoac pH cén bang cla dung dich sau trich ly co thé dugc sir dung nhu mot chi
s6 phut hop hon dé phan anh mdi lién hé dén hiéu qua giai phong P trong bun.

LR (ml:g) cang 16n dan dén mirc do tiéu thu tai nguyén nude cang nhiéu, 1am ting chi phi cho qua
trinh phan tach pha sau trich ly. Ham luong Ca c6 trong bun c6 thé phan tmg véi HoSO4 trong qua
trinh trich ly P hinh thanh khodng két tia gypsum, lam tang thé tich bun du khong tan con lai sau
trich ly va ¢ thé anh huéng dén kha ning phan tach pha thu hoi dung dich sau trich béng phuong
phap loc, dic biét ddi véi phuong phap loc trong lwc. M6 phong qua trinh trich ly bang cong cu
Aqion-PRO cho thdy c6 sy tuong dong v6i két qua tir thue nghiém. Do vay phuong phap mé phong
¢6 thé dugc tmg dung dé nghién ctru tdi wu hoa trich ly P trong bun thai.

PHU LUC
Bang: Phy Iyc théng s6 bun dau vao tai cac LR khac nhau cho qua trinh mé phong thity héa bang Agion-PRO

Ti 1¢ pha l6ng: rin, (ml g7

Thanh phin 3 5 7 9 11 13 15 17 19 21 23 25

Ca (mmol L) 1833 110.0 786 61.1 50.0 423 367 324 289 262 2391 22.00
Mg (mmol L) 1385 83.1 594 462 378 319 277 244 219 19.78 18.07 16.62

Na (mmol L) 305 183 13.1 10.2 83 7.0 6.1 5.4 4.8 43 397 3.66
K (mmol L) 744 446 319 248 203 172 149 131 1.7 106 9.70 8.92
Al (mmol L) 108.7 652 46.6 362 297 251 217 192 17.2 155 14.18 13.05
Mn (mmol L) 9.8 59 4.2 33 2.7 23 1.9 1.7 1.5 14 128 1.18

PO4* (mmol L) 41.1 247 17.6 137 11.2 9.5 8.2 73 6.5 59 536 493

Fe (mmol L-1) 77.6 46.6 333 259 212 179 155 137 122 11.1 10.12 9.31
Cr (mmol L-1) 035 021 0.15 0.17 0.09 008 007 006 005 0.05 0.05 0.04
Cu (mmol L-1) 21 126 090 070 057 048 042 037 033 030 027 025
Pb (mmol L-1) 0.1 0.08 006 004 0.04 003 003 0.02 0.02 002 0.02 0.02

LOI CAM ON: Cong bd khoa hoc nay 14 san pham cua dé tai nghién ctru khoa hoc cap trudong
mi s6 21.2VMTO03 duoc tai trg boi Truong Dai hoc Cong nghiép Thanh phd HO Chi Minh. Cac
tac gia rat cam on sy ho trg nhiét tinh cta sinh vién Luong Minh Tién va Nguyén B¢ Thién trong
qué trinh chuan bi miu thi nghiém.
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Tac gia: Vii Dinh Khang va Cong sy

OPTIMIZATION OF PHOSPHORUS LEACHING FROM SEWAGE SLUDGE OF BINH
HUNG DOMESTIC WASTEWATER TREATMENT PLANT

VU DINH KHANG, NGUYEN VAN PHUONG, NGUYEN THI LAN BINH
NGUYEN THI THANH TRUC, LE HUNG ANH
Institute of Environmental Science, Engineering and Management, Industrial University of Ho Chi Minh
City

* Corresponding author: lehunganh@iuh.edu.vn
Abstract. Leaching phosphorus (P) in dewatered sludge from domestic wastewater treatment plant
is an important step to convert solid P compounds into a soluble form that can be separated and
recovered as clean products. In addition, optimization of leaching conditions is essential to
minimize the amount of chemicals used and water resources in developing P recovery processes.
This study combines experimental studies and simulation calculations by using the Aqion-PRO
hydrochemistry tool to determine the optimal conditions for P leaching. The type of leaching agent,
liquid-solid phase ratio, agent concentration, and leaching time are researched to optimize. The
liquid-solid phase ratio and leaching agent concentration are correlated to the P leaching ability
from the sludge. The H2SO4 1.1M, phase ratio 5 ml g'!, and leaching time of 60 minutes were
determined as the optimal parameters for leaching phosphorus, P leaching efficiency can reach
about 85 + 3%.
Keywords. Sewage sludge, simulation, domestic wastewater, phosphorus recovery, leaching
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