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ABSTRACT

The objectives in this work were to investigate the effects of
materials sizes and types on phosphorus adsorption capacity and
desorption characteristics of recycling pottery, brick, and
honeycomb coal ash. Process of phosphorus adsorption was
conducted in the laboratory condition for 24 h and then desorption
process was carried out step-by-step (2 times 1 M NH,CI, 0.1 N
NaOH, 0.5 N HCI) in order to determine desorption characteristics.
Three sizes of materials used in this study were 0.1<d;<2.0;
2.0<d,<5.0; d3>5.0 mm. The results showed that the smallest size
had the highest P-adsorption capacity with the absorbed amount of
P in honeycomb coal ash (0.037 mgPO,-P/g) was higher than in
pottery (0.022 mgPQO,4-P/g). However, there was P released into
solution from brick material leading to increasing final PO,-P
concentration. In addition, the highest desorbed amount of P
recovered in solution as used catalyst 0.1N NaOH as compared with
other catalytic agents. This indicates that the principle P-adsorption
mechanism of these materials is characterized by Al and Fe
contents.

TOM TAT

Muc tiéu cua nghién citu la danh gia anh hwong kich co va logi vt
ligu len kha nang hdp phu va ban chdt gidi hdp phu lan cia 3 logi
vdt liéu gom gach va than t6 ong sau s dung. Qud trinh hap phu
lan dwoc tién hanh sau 24 h & nhiét d¢ phong va sau dé tién hanh
gidi hdp phu qua nhiéu buée (2 lan NH,Cl 1 M; NaOH 0,1 N; HCI
0,5 N) dé xdc dinh ban chat cia qud trinh gidi hdp phu. Ba kz'ch co
vat liéu sw dung trong nghién curu bao gém 0,1<d;<2,0; 2,0<d,<5,0;
d3>5,0 mm. Két qua cho thdy kich cé nhé nhdt cé kha nang hdp phu
ldn cao nhat, trong @6 lwong lan dwoc giik lai & than (0,037 mgPO,-
P/g) nhiéu hon gom (0,022 mgPO,-P/g). Tuy nhién, ¢ gach lai xday
ra hién twong phong thich lan vao dung dich lam ting nong do sau
ciing ciia PO4~P. Ngoai ra, heong ldn thu hoi cao nhat khi sir dung
NaOH 0,1 N so voi cac chdt xiic tac khdc. Diéu dé cho thd'y co ché
hdp phu lan chinh cia cdc logi vit liéu la do thanh phan Al, Fe chita
trong vdt liéu.
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1 GIOI THIEU

Lan (P) 1a mot trong nhiing yéu t can thiét
cho sy sinh truong va phat trién cua sinh vat
hitu sinh. Tuy nhién, day ciing 1a mot yéu té
qguan trong gay nén hién twong pha dudng
trong cac thiy vyc néu nudc thai tiép tuc xa
vao cac nguon tiép nhan ty nhién khong dugc
kiém soat chat ché, tao diéu kién cho céac loai
tao phat trién manh, tao no hoa. Khi tao chét di
lam ting nhu cdu oxy trong nudc, suy giam
chat luong nudc, giy anh huong dén cac hé
dong thyc vat thuy sinh. Vi vay, can thiét phai
xir Iy va lam giam nong do P trong nudc thai
dén mirc cho phép trudc khi thai vao moi
truong dé han ché hién twong trén. C6 nhiéu
phwong phép xtr ly P trong nudc thai bao gdm
ba loai chinh: vat ly, hdéa hoc va sinh hoc.
Trong dd, phuong phap hoa hoc, két taa P
bang mudi kim loai da dugc ung dung rong rai
(Yeoman et al., 1988; Wang et al., 2005; Lee
et al., 2003). Cac chét két tua thuong dung bao
gém A|2(804)318H20, FeC|3.6H20, F92(SO4)3,
FeSO,.7H,0 va Ca(OH), (Metcalf & Eddy,
2003). Nghién ctru cua Tran buc Ha (2002),
dung cac hoa chat keo ty gbc sit va nhom dé
khtr mudi phosphate trong nudc thai, tuy nhién
phuong phéap nay néu ap dung thi chi phi xir Iy
tang, kho dinh lugng héa chét theo thoi gian va
tao nén 16p bun hoat tinh. Do d9, viéc sir dung
cac loai vat liéu san co, than thién véi moi
truong dé xir Iy P trong nuéc thai di va dang
duoc cac nha khoa hoc quan tdm nghién cuu.
Dit sét nung (gdm gach, gébm vun) va than to
ong sau khi sir dung 1a céac loai vat liéu dé tim
& dong bang song Ciru Long (PBSCL) véi
thanh phan chta nhiéu ion AIP*, Fe**, Mg?*,...
c6 kha niang hap phu P tét. Trong nhiing
nghién cuu cda Suguishita (1995) va Ito
(1994) (trich tur Lé Anh Kha va Masayuki Seto
(2003)) da chiing minh rang viéc sir dung hat
dat nung va khoi bé tong hay chi sir dung
nhitng hat dat nung c6 thé lam giam nong do
nito va lan trong nudc may dén mot ndng do
rat thap (< 3 ppb). Nghién ctu cua Seo et al.
(2005) va Prochaska & Zouboulis (2006) vé
cac vat liéu loc trong hé thdng dat ngap nudc
kién tao cho thay kich c¢& cua vat liéu nho
(0,1 - 2,0 mm) s& ¢ kha nang hap phu lan tét.
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Thém vao d6, vat liéu sau khi hap phu lan c6
thé duoc giai hip phu biang cac phuong phap
don gian nhu: ting nhiét d9, thay d6i pH, st
dung tac nhan hap phu manh hon,... Sy can
thiét tai sinh chat hap phu nham thu hdi chat bi
hip phu va phuc hoi kha ning cta chat hip
phu. Viéc tai su dung cac vat li¢u nay s€ gop
phan tiét kiém mot phan chi phi, giam cong
sic cho qua trinh chuan bi vat ligu dé xir ly
nuée thai. Piéu quan trong nhat, ngudn lan ty
nhién trong tuong lai gan s& 1a yéu té giéi han
trong canh tac nong nghiép. Chinh vi thé, viéc
tai s dung lan trong nuéc thai hay chit thai
lam nguon lan thay thé 1a cap thiét. Tuy nhién
c6 it thong tin vé kha nang hip phu 1an & cac
kich c& khac nhau va ban chét hap phu cua cac
loai vat liéu trén. Do d6, nghién clru nay dugc
thuc hién nham danh gia kha nang hip phy lan
cuia cac kich c& vat liéu, tir d6 tién hanh giai
hap phu dé xac dinh nguyén nhan ctia qua trinh
hap phu va lugng 1an c6 thé thu hdi.

2 PHUONG PHAP NGHIEN CUU
2.1 Chuan bi vat liéu hap phu

Vit liéu gach, gém vun phé thai (thu tai cac
16 gach) va than t6 ong sau khi sir dung (thu tir
c4c can tin Trudng Pai hoc Can Tho) dugc sir
dung 1am vat liéu hip phu lan. Vit liéu duoc
nghién va sang qua rdy v&i ba kich c&
0,1<d;<2,0; 2,0<d»<5,0; d5>5,0 mm va sdy &
nhiét d6 60°C trong 2 h dé dong nhat miu
truc khi tién hanh thi nghiém hip phu. Trong
luong vat liéu sir dung cho tirng nghiém thac
duoc ghi nhan lai.

Str dung dung dich PO,-P nong do khoang
20,0 mgPO,*/L (twong duong 6,5 mgPO,-P/L)
duoc pha tir KH,PO, (siy & 105°C) véi dung
dich chét dién phan CaCl, 0,01 M va cb dinh
bang 2 giot dung dich chloroform vao mdi
nghiém thirc (Nair et al., 1984). Piéu chinh
pH = 2 cho dung dich PO,-P bang dung dich
HCl 1 N va NaOH 0,1 M (Rordrigues et al.,
2010).

Nghiém thtrc d6i chung chi chira vat liéu va
nudc cat, nhim xac dinh mot phan lwong lan
phong thich (do ban chat vat liéu co chia 1an)
tir d6 tinh toan lwong 1an hap phu va giai hap
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phu chinh xac hon gsé liéu khong trinh bay).
Str dung nudc cat dé pha tat ca cac dung dich
trong thi nghiém.

2.2 B tri thi nghiém hap phu

Thi nghiém dugc bd tri trong didu kién
phong thi nghiém véi hai nhén t6: loai vat ligu
(than, gbm va gach) va kich c¢& vat liéu
(0,1<d;<2,0; 2,0<d,<5,0; ds>5,0 mm). Cac
nghiém thirc duoc b tri ngiu nhién véi ba lan
Iap lai. Can 5 g vat liéu cho vao chai nhya co6

Hinh 1: Thi nghiém hap phu lan ciia than,
gbm va gach & cac kich ¢ 0,1<d<2,0;
2,0<d,<5,0 va d3>5,0 mm (hinh vé khong
theo ty 1¢ thue té)

2.3 B® tri thi nghiém giai hap phu (xac
dinh ban chét hap phu)

Loc ldy vat liéu sau khi hap phu 1an ¢ thi
nghiém trén, tiép tuc qua trinh giai hip phu véi
cac loai hoa chat: NH,C1 1 M, NaOH 0,1 N va
HCI 0,5 N (Arnold & Lijklema, 1980). Cac
budc nhu sau:

Buoc 1: Cho 50 mL dung dich NH,Cl 1 M
vao chai chtra vat liéu sau khi hip phu lan, day
nap va lac véi toc do 150 vong/phut (trong 1 h)
& diéu kién nhiét do phong. Ly tdm dung dich
thu duoc véi toe do 4000 vong/phut (10 phit),
sau do6 loc dung dich qua gidy loc (@ = 45 puM)
do pH, EC va phan tich PO,4-P.

Buéc 2: Tién hanh nhu buée 1. Hai buéc
giai hap phu vai dung dich NH,Cl 1 M xac
dinh luong P con sot lai cua dung dich hip phu
trong qua trinh thu mau va phan P lién két yéu
trén bé mat vat liu.

Buoc 3: Cho 50 mL dung dich NaOH 0,1 N
vao vt liéu da loc sau budc 2, day nap va lac

nap day (thé tich 110 mL) va 50 mL dung dich
PO,-P (pH = 2). Pay kin nip va cho 1én may
lic ngang vai toc do 150 vong/phut, lc 4 lan
trong 24 h thi nghiém (1 h/lan) & diéu kién
nhiét d6 phong. Sau 24 h, ly tam dung dich thu
dugc voi toc do 4000 vong/phut trong 10 pht,
roi loc dung dich qua gidy loc (@ = 45 uM),
tién hanh do pH, EC va phan tich néng do
PO,-P. Ham lugng PO,-P duoc xac dinh bang
phuong phap acid ascorbic (APHA et al,
1998).

Dung dich PO4-P

Than

Gém

Gach

Kich ¢ (mm) 0,1-2,0 2,0-50 >5,0
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Vi toe do 150 vong/phit, 1ac 4 lan trong 17 h
thi nghiém (1 h/lan) & diéu kién nhiét do
phong. Sau 17 h, ly tdm dung dich thu dugc
Vi toc do 4000 vong/phut trong 10 phit, sau
d6 loc dung dich qua gidy loc (@ = 45 pM) do
pH, EC va phan tich PO,-P. Qua trinh giai hap
phu véi dung dich NaOH 0,1 N xac dinh Iugng
P duoc hap phu do Fe va Al

Buwoc 4: Cho 50 mL dung dich HCI 0,5 N
vao vat liéu da loc ¢ bude 3, day nip va lac voi
tbc d6 150 vong/phut, 1ac 4 lan trong 24 h thi
nghiém (1 h/lan) ¢ diéu kién nhiét ¢ phong.
Sau 24 h, ly tim dung dich thu dugc véi téc do
4000 vong/phut trong 10 phut, sau d6 loc dung
dich qua gidy loc (@ = 45 uM) do pH, EC va
phan tich PO,-P. Qua trinh giai hap phy voi
dung dich HCI 0,5 N xac dinh luwong P duoc
hip phu do Ca.

2.4 Phan tich va xir 1y so liéu

Tét ca sb lieu duoc thu thap, tinh toan gia
tri trung binh va sai s6 chuan bang phan méem
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Excel. Phan tich phuong sai hai nhan t6 (Two-
way ANOVA) va so sanh két qua trung binh
giita cac nghiém thirc bang phan mém théng
ké Statgraphics Centurion XV (StatPoint, Inc.,
USA) dua trén kiém dinh Turkey Test 5%.

3 KET QUA VA THAO LUAN

3.1 Théng sb pH, EC, ndng d9 PO,-P va
lwgng 1an hap phu

Tat ca cac thong sé6 (pH, EC, nong do
PO,-P va lugng lan hip phu) trong qué trinh
hip phu déu chiu anh huéng cua hai nhan t6
loai vat li¢u va kich cd, ddng thoi co su tuong
tac gitra hai nhan t6 (p<0,001) qua két qua
phan tich thong ké phwong sai hai nhan t6
(Two-way ANOVA) (Bang 1).

Bang 1: Két qua phén tich phwong sai hai nhan
té (F-Ratios) cac gia tri pH, EC, ndng d
PO,-P va lwong lan hip phu & 3 kich c&
(0,1<d;<2,0; 2,0<d,<5,0; ds>5,0 mm) caa
than, gém va gach

Thén Nhién t6 chinh Twong tac
y & "Loaivat Kich ey Lo#i vat ligu
ligu x Kich c&
pH 229,297 104,717 34,827
EC - . .
(mS/cm) 127,01 82,40 10,72
PO,-P
(ma/L) 25,08 17,80 10,18
mgP/g 20,837 15887 8,66

***0p<0,001: Khac biét co y nghia ¢ muc 0,1%

Gia tri pH cua dung dich sau hap phu 24 h
c6 su khac biét gitra cac loai vat liéu cling nhu
cac kich ¢& (p<0,05) va cao hon gia tri pH
] =1 Than

=3 G6ém
[/ Gach

(@)

Kich ¢& (mm)

— Pauvao

dung dich PO,-P ban dau (Hinh 2a). Theo
Cabanas (2009) kha nang loai bd lan cua vat
liéu co6 quan hé chat ché vai thanh phan Ca,
Al, Fe, Mg c6 trong vat liéu. Sy thay doi pH
cuia dung dich PO,-P c¢6 thé do cac phan ting
hoa hoc xay ra trong qué trinh hap phy, khi cac
ion A" Fe**, Ca®,... co trong vat liéu két hop
v6i gbc PO,> cua dung dich hip phu giai
phong OH™ 1am pH cua dung dich sau hap phu
ting. Riéng do dan dién (EC) ctia cac nghiém
thirc sau hap phu c6 gia tri thap hon so voi
dung dich 1an ban dau (5,5 mS/cm). Trong
cung mot loai vat liéu, gia tri EC thap nhat &
kich ¢& nho, c6 thé do dién tich bé mit tiép
xuc 1én ¢ kich ¢& nhé (0,1<d;<2,0 mm) tao
diéu kién lan dugc hip phu nhiéu hon (Seo et
al., 2005; Prochaska & Zouboulis, 2006), nén
lam gidm ham luong céc ion hoa tan trong
dung dich sau khi hp phu (Hinh 2b).

Nong do 1an (mgPO,-P/L) trong dung dich
sau hap phu va luong lan hap phu (mgPO.-
P/g) cua cac loai vat ligu ¢ 3 kich c& duogc
trinh bay & Hinh 3a & 3b. Sau qué trinh hap
phy, ndéng do 1an cia cac loai vat liéu & cing
kich c& c6 su khac biét (p<0,05), ndng do ting
khi kich ¢& tang (ngoai trir gach). Nhu da giai
thich, do kich ¢& d; nhé nhat nén c6 bé mat
tiép xtc 16n (Seo et al., 2005; Prochaska &
Zouboulis, 2006), dan dén lan duoc hap phu
nhiéu hon trén kich ¢& hat nhoé nhat (Hinh 3b).
Gitta ba loai vat liéu, gach (¢ ca ba kich c&) c6
xu huéng phong thich lan vao dung dich lam
nong d6 1an sau hip phu ludn cao hon nong do
ban dau (Hinh 3a).

61 m

EC (mS/em)
[¥5)

Kich ¢ (mm)

Hinh 2: Gid tri pH (a) va EC (b) trong dung dich sau hip phu 24 h ciia than, gbm va gach & ba kich c&
khac nhau (trung binh + sai s6 chuan, n = 3)
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Luong lan hap phu (mgPO,-P/g) chinh la
lwong 1an duogc gitr lai (hap phu) trén mot don
vi trong lugng vat liéu va dugc trinh bay &
Hinh 3b. Pay la mot trong nhitng chi tiéu danh

10 A
(@)

_— 8 ] ==
<
S0
S
~—
=
<t
@)
e
%.
S0
=
“«>
4

2-5 > 5]

Kich ¢¢ (mm)

P hép phu (mg/g)

gia kha nang hap phu cia vat lidu, lugng lan
duoc g!fr lai cang nhiéu thi vat liéu d6 c6 kha
nang hap phu lan cang cao.

0.05 1 (b)

B Than [ Gach
T G6m

Pau vao

0.04

0.03 1

0.02 A

0.01 1

0.00

-0.01

Kich ¢& (mm)

Hinh 3: Nong d9 PO,-P (a) va lgng lan hip phu (b) cia than, gbém va gach & ba kich c¢& khac nhau
(trung binh = sai s6 chuén, n = 3)

Theo Vohla et al. (2011) ham lugng cac
nguyén to Al, Fe, Ca trong vat liéu cao 1a mot
trong nhitng yéu t quan trong gép phan lam
tang khd nang hép phu lan cua vat liéu. Trong
than va gdm c6 chtra nhidu nguyén to Al,
Fe hon gach (sé liéu do duoc) nén co kha
ning hap phu cao va dic biét lugng lan hap
phu nhiéu nhat & kich ¢& 0,1<d;<2,0 mm
(Hinh 3b). Tuy nhién c6 su phdng thich lan
vao dung dich & vat liéu gach va & hai kich c&
trung binh & 16n ciia than 1am nong d6 1an sau
khi hdp phu 24 h cao hon so véi nong do ban
dau (Hinh 3a). Nhin chung nghién ctu cho
thdy than va gbm c6 kha nang hap phu lan t6t
(0 kich ¢ 0,1<d;<2,0 mm) va gach khong co
kha niang hip phu lan trong diéu kién cua
thi nghiém.

3.2 Ham lwgng lan phong thich

Ham lugng 1an phong thich (mgPO,4-P/g vat
lieu) cua vat lieu sau khi hap phu duoc xac
dinh qua bén budéc giai hip phu dé xac dinh
lwong 1an hap phu twong tng do bé mat vat
licu (NH4CI 1 M; 2 lan), nguyén té Al & Fe
(NaOH 0,1 N) va nguyén t6 Ca (HCI 0,5 N)
(Arold & Lijklema, 1980). Két qua cho thay
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hai yéu té loai vat liéu va kich ¢& c6 anh

huong rat nhiéu (p<0,001) dén ban chat giai

hap phu cua vat liéu (Bang 2).

Bang 2: Két qua phan tich phwong sai hai nhan
to (F-Ratios) ciia ham lugng lan phéng
thich qua cac bwéc giai hap phu

o Nhan t6 Twong tic
Cac brdC | oai vat Loai vat
giai hap 4 V8L Kichc&  lidu x Kich
phu ligu e
NHCIIM 300" 1200" 1450
(1an 1)

NHCIIM  je60™  5820™  3.90°
(1an 2)

NaOHO,IN 19,76 14,04™ 19,907
HCI 0,5 N 136,457 40,637 8,12

*p<0,05; **p<0,01; ***p<0,001: Khac biét co y nghia ¢
mic 5%, 1% va 0,1%

Luong lan dugc phong thich khi st dung
dung dich NH,CI 1 M lan tht nhat dugc xem
nhu lugng 1an con sét lai trong dung dich sau
qué trinh hap phy (Hinh 4a), diéu nay di duoc
ching minh qua két qua hap phu ¢ Hinh 3a
(ndng d6 p thap nhét & kich ¢& nho nhat). Sau
d6 vat liéu duoc giai hip phu bang dung dich
NH,C1 1 M dé xac dinh lwong p do hap phu bé
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mat (hap phu co hoc). Luong lan phong thich
O ca 3 vat liéu co kich cd cang 1on thi cang it
(Hinh 4b), do dién tich bé mit & kich c& cang
I6n thi cang nho (Seo et al., 2005; Prochaska
& Zouboulis, 2006).

Luong lan hap phu boéi Al va Fe dugc
phong thich khi sir dung chat xuc tac NaOH
0,1 N (Hinh 4c), két qua nay da phan anh rd
lugng lan duoc hap phu & Hinh 3b. C6 mot
luong nho 1an phong thich tir gach khi sir dung
dung dich giai hiap phu HCI 0,5 N (Hinh 4d),
tuy nhién khong néi 1én ban chat hap phu do
Ca vi gach khong hip phu 1an (Hinh 3b) ma c6
thé 1an duoc giir boi Ca trong ban chat vat liéu.
So sanh giita gém va than thi luong lan phong
thich tir gdm cao hon than (Hinh 4d) do ham

0059
2) =8 Than
=3 Gém

C— Gach

0.04

0.03 A

0.02 1

P gidi hap phu (mg/g)

0.01

0.00

Kich ¢ (mm)

0.05 1
(c)

0.03

0.02

P giai hap phu (mg/g)

0.01

0.00

0,1-2 2-5 =5

Kich ¢& (mm)

P gidi hap phy (mg/g)

luong Ca c6 trong gdm nhiéu hon than (s6 liéu
khong trinh bay).

Nhin chung, Iugng lan phong thich khi sir
dung dung dich xac tic NaOH 0,1 N la cao
nhat (Hinh 4) so véi cac dung dich giai hap
phu khac NH,C1 1 M va HC1 0,5 N. Két qua
trén da ching minh rang kha nang hip phuy lan
cua vat liéu chiu anh hudng chinh do sy c6
mit cac nguyén td Al va Fe bén trong vat ligu
(s6 lieu do duogc) va lwong 1an duoc giai hip
phu cang cao khi vat lidéu hap phu nhiéu lan.
Tuy nhién, luong lan giai hap phu & mot sb
nghiém thirc cao hon so vai lugng lan duoc
hap phu do mét phan lan co trong vat liu da
dugc phong thich cung vdi qua trinh giai
hap phu.

0.05
(b)

0.04
0.03

0.02

001 +

0.00 AM

>5
Kich ¢& (mm)
0.05 1
(d)
. 0.04
20
£
~ 0.03 A1
=
=
=3
& 002
-
S
S 0.01
-9
0.00 1 e e
0,1-2 ) >5

Kich ¢& (mm)

Hinh 4: Lwgng lan phéng thich (mgPO,-P/g) cia than, goém va gach véi ba kich ¢& khac nhau qua cac
buéc NH,Cl'1 M lan 1 (a), NH,Cl 1 M lan 2 (b), NaOH 0,1 N (¢) va HCI 0,5 N (d) (trung binh + sai so
chuén, n = 3)

4 KET LUAN VA PE XUAT
4.1 Kétluan

Két qua cho thdy kich c¢& nho nhat co
kha nang hap phu lan cao nhat, trong d6 lugng
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lan dugc gitr lai ¢ than (0,037 mgPO4-P/g)
nhiéu hon gém (0,022 mgPO4-P/g). Tuy nhién,
& gach lai xay ra hién tugng phong thich lan
vao dung dich 1am ting ndng d6 sau cung cia
PO,-P.
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Al, Fe 1a cac nguyén t6 gop phan lam ting
kha ning hip phu lan cua vat liéu. Png thoi
lwong 1an hap phy trén 1 g vat liéu cang nhiéu
thi lvong 1an giai hip phu cang cao. Luong lan
dugc giai hap phu c6 thé Ion hon lugng 1an da
hip phu, day 1a két qua cua su phong thich 1an
tur vat liéu.

4.2 Pé xuit

C6 thé st dung than t6 ong va gbm kich c&
0,1<d;<2,0 mm lam chét nén cho cac hé théng
loc hoic hé thdng dat ngap nudc kién tao dé xu
Iy cac loai nuwdc thai thuy san, biogas, nuwdc
thai sinh hoat,... Qua d6 gép phan han ché phu
dudng ngudn nude, ddng thoi giam luong rac
thai ran ra moi truong.

Nghién ctru tai sir dung vat liéu sau hap phy
lan @€ phoi tron vai dat hay cac loai vat liéu
hiru co khac san xuat phan bon hitu co.
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