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Tém tit: Anh huong cia pH, thoi gian phan tng, ty 18 mol AIF*/PO,%, ndng do photphat diu vao
va ham luong polyme dén qua trinh xtr ly photphat bang phén nhém sunphat trong nudc da dugc
thuc hién. Két qua thu duoc cho thiy diéu kién téi wu dé loai bo phétphat bing Al,(SO4)s.18H,0
cu thé nhu sau: pH khoang 6,0; thoi gian phan Gmg khoang 30 phut; ty 18 mol AIPF*/PO,% 14 2:1;
ham luong chét tro keo tu (Megaflock AA6518) 1,0 mg/L. Nong do phétphat diu vao anh hudng
khong dang ké dén hiéu suat xir 1y. Diéu kién t6i wu da dugc ap dung thir nghiém dé xir ly
phdtphat trong nudc thai do thi 14y tir song Té Lich va cho két qua phi hop.

Tir khéa: X 1y photphat; két tiia hoa hoc; cac yéu té anh huong.

1. Pit van dé

O nhiém phétpho 1a mét méi de doa nghiém
trong d6i v6i hé sinh thai thay sinh va giam
chét lwong ngudn nudc sach [1]. Trong thuc té,
nong do phdtphat khdng gidng nhau trong céac
nguon thai: khoang 10 — 15 mg/L (nuéc thai
sinh hoat); 16 — 58 mg/L (ché bién thuy san):

70 — 1750 mg/L (ndng nghiép, chan nuoi)
[2, 3]. Cac cdng nghé xtr ly photphat trong nudc
thai thuong ap dung gom sinh hoc, két taa, hip
phu hoic trao déi ion [3]. Trong dé, két tua hoa
hoc dugc wng dung rong rdi nhat va cho hiéu
qua xir ly tot dbi véi ca cac ngudn thai 6 nhiém
photphat cao [4 5]. Bé két tua phdtphat, chu
yéu str dung cac mudi kim loai héa tri hai hoic
ba, két tua tao thanh dugc loai bo bang qué
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trinh 1ang, ly tim hoic loc [1]. Céc chét két tua
thuong st dung gom: Aly,(SO,)s.18H,0:
FeCl;.6H,0; FEZ(SO4)3; FeSO,.7H,0 hoac
Ca(OH), [4, 5]. Trong do6, phén nhém c6 uu
diém gia thanh thap, it gay anh huong téi do
mau cua nudc sau xur ly va thuc hién pH trung
tinh (6 — 8). Qua trinh két toa photphat bang
mudi kim loai chiu anh huéng boi nhiéu yéu to
khac nhau nhu pH, thoi gian phan ung, ty 1€
mol cua chat két taa va nong do photphat trong
nudce thai can xa ly, v.v... [5]. Nhleu cbng trinh
nghién cau trude diy da danh gia vé anh huong
cua cac yéu to trén. Tuy nhién, két qua cua cac
cong trinh cdng b khéa khéac nhau do sy khéc
nhau vé diéu kién phan ung, dic tinh nudc thai.
Vi vay, nghién ciu ndy duoc thuc hién nham
danh gia dwoc anh huéng cua cac yéu t chinh
ti hiéu qua xir ly phdtphat bang phén nhom, tir
d6 dua ra cac dinh huong tng dung xu ly P
trong nuéc thai sinh hoat va cdng nghiép. Két
qua cua nghién ctu ciing la mot nguon sé liéu
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tham khao cho qué trinh thiét ké va van hanh
cac cbng trinh xir ly phot phéat bang két tua
héa hoc.

2. Vit liéu va phwong phap
2.1. Nudc thai

Nuéc thai nhan tao duoc pha bing mudi
KH,PO, véi cac nong do twong tng: 10, 20, 50
va 100 mg P/L; Nudc thai thuc té duoc ldy tir
séng To Lich (dudi Cau Cdng Moc, toa do
21°0030.5”N, 105°48'50.9”E) cd: néng do
PO, = 2 mgP/L; pH = 7,71; COD = 148
mgO,/L; TSS = 24 mg/L; NH," = 38,3 mgN/L;
dd mau = 95,3 Pt-Co va dd duc = 40 FNU.

2.2. Héa chdt

Céc hoéa chat chinh dwoc su dung trong
nghién ctu, duoc nhap tr Trung Qudc gom:
Al»(S0,)s.18H,0; polyme (Megaflock
AA6518) va KH,PO,.

2.3. Phwong phap nghién cuu

2.3.1. Nghién ctiu cac yéu té anh huong toi
qua trinh xu ly

Mot sb cac yéu td anh huong chinh toi higu
qua cua qua trinh két tua photphat bang phén
nhdm va diéu kién thi nghiém cu thé duoc thé
hi¢n trong Bang 1.

Thi nghiém dugc tién hanh trén thiét b Jar-
test (Jar tester, SJ-10, Yhana, Han Quédc) tai
Vién Coéng nghé méi truong. pH duoc diéu
chinh bing H,SO, 10M va NaOH 10 M; bd
sung phén nhém va khudy nhanh (120
vong/phat) trong 5 phit; sau d6 khudy cham

(50 vong/phat) trong thoi gian phan ung 60
phit; bd sung polyme va duy tri phan tng trong
15 phat; ¢é Iang mau trong 30 phdt; Iay phan
nuéc trong dé phan tich d6 duc va nong do
PO,* con lai. Biéu kién phan @ng ti vu (pH,
thoi gian, ty 1é mol APF*/PO,> va ham luong
polyme) dugc xéc dinh dé tién hanh cho céc
nghién ctu tiép theo.

2.3.2. Thu nghiém kha nang xu ly P trong
mau nudc thuc té

Thi nghiém xir ly PO,* trong nuéc thai lay
tr séng T6 Lich duoc thuc hién trén may Jar-
test theo quy trinh nhu da mé ta & muc 2.3.1,
v6i cac didu kién tdi wu di dugc xac dinh
o trén.

2.3.3. Phuwong phép phan tich

Nong do phétphat dwoc phan tich theo
phuong phap Ascobic (EPA 365.2). Mau duoc
loc qua mang 0,45u trude khi do. Do duc dugc
do truc tiép trén may do d6 duc cua Hana
(Model: HI 93703C) véi dung dich chuan la
Fomazin. P duc duoc do trén mau sau Jartest
va dé lang 30 phdt.

3. Két qua va thao luin
3.1. Anh huéng ciia pH

Két qua khao sat anh hudng cua pH toi hiéu
qua xt ly photphat bang phén nhém duoc thé
hién trén Hinh 1 cho thdy, & pH 5 - 9, hiéu qua
xu ly dat téi 95,4 - 98,5%, nong d6 PO,> con
lai 0,29 - 0,93 mg P/L. Khi tang pH, hiéu qua
xir Iy giam. O pH 6, hiéu qua xir ly dat cao nhat
(98,5%), ndng do PO, con lai thip nhat (0,29
mg P/L).

Bang 1. C4c yéu té anh huong va diéu kién thi nghiém

Yéu td Diéu kién thi nghiém

pH 4 -9 (PO,>=20 mg P/L; ty 1& mol AI**/PO,*=3; polyme = 1mg/L)

Thoi gian phan ung
Ty I& mol AP*/PO,*

Nong do PO,>
Chét tro keo tu (polyme)

15-150 phdt (ty 1& mol AF*/PO,>=1)
0,5 — 4,0; Nong do PO,* ~ 20 mg P/L

Thay dbi tir 10, 20, 50, 100 mg P/L
Thay d6i tir 0,0; 0,5; 1,0; 1,5 va 2,0 mg/L
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O pH 4, hiéu qua xt Iy chi 82,2%. Diéu nay
c6 thé do & pH thip, d6 tan cua mudi nhom
phdtphat tang, nén hi¢u qua xt 1y giam [6]. 0
moi truong kiém, khi ndng do OH tang, mot
phan nhém bi két taa & dang hydroxit, dan dén
lugng nhdm tham gia vao phan tng két tua
phétphat it di, lam giam hiéu qua xu ly.

Viéc xir Iy photphat dong thoi xuat hién cac
can két taa. Khi phan két tua nay khéng Iang
hét s& lam ting d6 duc cua nude sau xir ly. O
pH 5 - 9, d6 duc chi 1 - 2 FNU, nhung & pH 4,
d6 duc cao hon (5,97 FNU), c6 thé do tao bong
kém. Ngoai ra, hi¢u suat két tua thap, luong
b6ng bun tao thanh it hon, kich thudc nhé hon.
Nhu vay, két taa photphat bang nhém can thuc
hién & méi truong trung tinh hozc kiém, voi gia
tri pH téi wu khoang 6. Két qua nay ciing gan
v6i cua Sawsan, 5,7 — 6,0 [4]; P& Khic Uan,
5,7 - 59 [5]; Georgantas, 50 — 7,0 [7] va
Huang, 5,0 [8].

3.2. Anh huéng ciia thoi gian phan vmg
Két qua khao sat duoc thé hién trén Hinh 2.
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Hinh 2. Anh huong cua thoi gian phan img dén do duc
va hiéu suat xur ly phdtphat

Tur két qua thé hién trén Hinh 2 thay rang,
sau khoang 15 phut, hiéu Suat xr Iy phétphat
dat 82% twong (ng véi ndng do PO4 con lai Ia
3,6 mg P/L. Sau 30 phat, hiéu suat xu ly dat on
dinh (84%) va hau nhu khong thay doi khi tiép
tuc tang thoi gian phan ung Ién 150 phut. Xu
huéng thay ddi cua do duc theo thai gian phan
urng cling twong tw nhu hiéu qua xu ly phodtphat.
Sau 15 phdt, dd duc van cao (1,38 FNU), nhung
sau 30 — 150 phdt, thay ddi it (~0,8 FNU).

Nhu vay, c6 thé chon thoi gian khudy cham
la 30 phit dé tién hanh nghién ctu tiép theo.
Nghién ctu cua Huang va cdc cong su (2016)
ciing cho két qua téi vu twong tu [8].

3.3. Anh hudng ciia 1y 16 mol AF*IPO,>

Két qua khao sat anh huong cua ty 16 mol
AP*/PO,* t6i hiéu qua xu ly phdtphat va do duc
dugc thé hién trén Hinh 3 cho thay, khi ty Ié
mol AI**/PO,* tang tir 0,5 — 2,0, hiéu suét xu ly
ting nhanh tir 55,5 - 99,3% va khi AIF/PO,
tang tir 2 - 4, hiéu suit thay déi khong dang ké.
Ty 1&8 mol APP*/PO,* it anh huéng téi do duc
cua nudc thai sau xur ly (dao dong khoang 0,6 —
1,0 FNU). Vé ly thuyét, 1 mol AI** phan @ng
v6i 1 mol PO,> tao thanh 1 mol AIPO,. Tuy
nhién, hiéu suat két taa thuc té con phu thudc
vao do tan va hiéu suat chuyén héa cua phan
tng. Vi vy, dé dam bao hiéu suat xir 1y cao,
lugng nhdm bd sung can ting, nham day dich
can bang phan wng vé san pham két taa. Cac két
qua thuc nghiém trén cho thay dé dat dugc hiéu
suét cao, can duy tri ty 16 mol APP*/PO,> > 2. Két
qua nay ciing pht hop véi két qua nghién cau toi
wu (APF*/PO,*=2,3) cua B3 Khic Uan [5].
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3.4. Anh huong ciia nong do PO,

Két qua nghién ctu anh huong cua nong do
PO,* du vao dén hiéu qua xir ly photphat dugc
thé hién trén Hinh 4 cho thdy, khi nong d6 PO,*
thay dbi tir 10, 20, 50 va 100 mg P/L, hiéu suat
xtr ly photphat van ludn dat cao (99,3 - 99,9%).
Tuwong tu, d60 duc ctia nudc sau Xu ly ciing
khéng thay ddi nhiéu giira cac mau (chi khoang
0,79 — 1 FNU).

Nhu vdy, néng do PO,> khong anh huong
nhiéu dén hiéu sut xir ly, khi ty 1&6 mol AFF*/PO,*
van duy tri du. Diéu nay c6 thé do khi ty 16 mol
AI¥*/PO,* du I6n, cho du ndng do phdtphat thay
ddi thi luong phén nhdm bd sung van da dé két
tua hét luvong phdtphat cé trong nudgc.

3.5. Anh huong cua chat tro keo tu

Viéc sir dung polyme vai vai trd 1 chat trg
keo tu khong lam thay dbi hiéu suat xir ly
phétphat, chi 1am tang hiéu qua xtr ly do duc. Két
qua thuc nghiém thé hién trén Hinh 5 cho thiy,
khi khéng str dung polyme va c6 sir dung polyme,
d6 duc cua nude sau xir ly ¢é sy khac biét rd rang
(twrong tng 2,1 FNU va xap xi 1 FNU).

Quan st qué trinh lang thuc té thiy rd sy
khéc biét vé téc do lang va kich thudc bdng bun
khi thay d6i ham lwong polyme (Hinh 6). Khi
khong bd sung polyme, cac bdng bun hinh
thanh co kich thugc nho, khé quan sat. Khi bd
sung polyme (0,5 — 3 mg/L), cac bong bun hinh
thanh 16n va d& nhan thiy bang mat thuong. Do
vay, nén bo sung polyme (1 mg/L), nham ting
kich thude va téc do ling cua bong bun, dam
bao tang do trong cua nudc thai sau xu ly.

D due == Hiéu suat

100

T a8 12

-9 1
< 96 08
€ 94 0,6
£ 0,4
g 90 02
88 0

10 20 0

100
Nong dd photphat dauvio (mgP/L)

(
o
&

Hie¢u smat
=)
)
Do duc (FNU)

Hinh 4. Anh huéng ctia nong do photphat dau vao dén
d6 duc va hiéu suat xur ly phdtphat

D6 duc == Hiéu suat
100
99
98
97

26

(5]

[229

bé duc (FNU)

[229

T
[ R el ST o

Hiéu suat (%)

0.5 1 1,5 2
Ham hrengpolyme (ng/L)

Hinh 5. Anh huéng cua ham lugng polyme dén do duc
va hiéu suat xtr ly photphat

Hinh 6. Hinh anh quan sat kich thuoc bong
(a) Khéng polyme (b) Bo sung polyme

3.6. Thur nghiém xur [y photphat trong nuoc thai
thuee té

Trong nudc thai thuc té, ngoai photphat,
con c6 chit rin lo ling (SS), chat hitu co
(COD, BOD), v.v... Vi vay, nghién ciu xur ly
phdtphat trén mau nuoc thai thuc té (1ay tir séng
T6 Lich), nham danh gi4 su phu hop cua két
qua téi vu da thu duoc, khi ap dung vao ddi
tuong thuc té. Thi nghiém duoc tién hanh véi
mau ¢ nong d6 phétphat 2 mg P/L (nudc thai
g6c) va 10 mg P/L (cé bd sung phétphat vao
nudc thai géc) & pH khoang 6,0; thoi gian phan
tng 30 phut; ty 16 mol AI**/PO,* = 2 va ham
luong polyme =1 mg/L.

Cac két qua thi nghiém duogc thé hién trén
Hinh 7 cho thdy, v6i mau nudc thai goc (2
mgP/L), khi ty 16 mol AI**/PO, ting tir 2 — 4,
hiéu suat xu ly tang tir 83 — 97% tuong ng Vi
néng d6 PO,* con lai giam t 0,34 - 0,06
mgP/L.

Két qua nay c6 su chénh léch voi két qua
nghién ctu vé anh huong cua ty 1& mol
AIF*/PO,*, véi mau pha ché (muyc 3.3).
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Hinh 7. Higu suét x Iy photphat
trong mau nudc thuc té

Nguyén nhan cé thé do ngoai viéc tham gia
vao két tua phétphat, phén nhdm con c6 chic
ning trung hoa dién tich va keo tu céc chét rin
va chit hitu co trong nudc thai, nén lwong phén
nhdm tham gia vao phan ung két tua photphat
bi thiéu hut va lam giam hiéu suat xu ly
photphat. Khi bé sung phdtphat vao nuéc thai,
t6i ndng do 10 mg P/L cho thay, khdng cé su
chénh léch nhiéu vé hiéu suat xa ly véi mau
nuéc pha ché cé cung ndng do phdtphat. Hiéu
suit xir ly ciing it co sy thay déi véi cac ty 1é
mol AIF*/PO,% tir 2 — 4.

Nhu vay, cac didu kién t6i wu xac dinh
dugc trong nghién ciru nay cd tinh phu hop khi
ap dung vao thuc té. Tuy nhién, khi ham lugng
phdtphat can xir Iy nho, luong hoa chat bd sung
can dya vao ca phan phétphat phai xir Iy va
phan chit rin lo ling c6 trong nudc.

4. Két luan

Céc yéu t6 anh huong téi qué trinh két taa
photphat bang phén nhém da dugc khao sét.
Két qua cho thay, hiéu suat xir ly photphat dat
ti vu khi duy tri pH ~ 6; thoi gian phan tng 30
phat; ty 16 mol AP*/PO,> ~ 2. Ndng do
phdtphat trong nuéc thai diu vao it gay anh
huong téi hiéu suat xu ly. Bb sung polyme gitip
cai thién dang ké kich thuéc bong ban, toc do
ling va do trong cua nudc thai sau xu ly. Két
qua thir nghiém trén nudc thai thuc té ciing cho
thay, khi nong do phétphat thap, ty le AI**/PO,>

can duogc duy tri & mac 16n hon dé bu cho phan
hoa chit tiéu hao cho qua trinh keo tu chét rin
lo litng va chéat hitu co ¢6 trong nuéc thai. O
nong d6 PO,* ~ 10 mg P/L, cac diéu kién téi uu
xac dinh dwgc trén nudc thai nhan tao co thé
dugc &p dung véi tinh kha thi cao.
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Study on the Factors Affecting
on Phosphate Removal by Alum
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Abstract: The impact of pH, reaction time, AI¥/PO,* molar ratio, phosphate concentration and
polymer concentration on the phosphate removal by alum sunfate was carried out. The obtained results
showed that optimal condition for phosphate removal by Al,(SO,)s.18H,0 was as follow: pH of 6,0;
reaction time about 30 minutes, AI**/PO,* mole ratio of 2:1; coagulant aid (Megaflock AA6518)
concentration of 1,0 mg/L. Initial phosphate concentration did not affect significantly on the removal
efficiency. Test with real municipal wastewater (taken from To Lich river) proved that this abover
condition was applicable.

Keywords: Phosphate removal, chemical precipitate, influence factors.



