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TOM TAT

Nghién ctru kha ning giai phéng photpho (P) ra khéi buin ¢é y nghia rat quan trong dé thu héi va
tai str dung P cho nganh céng nghiép phan bén. Nghién ctru nay tién hanh danh gia anh hwéng cta
nhiét dé va th&i gian xir ly dén sw giai phong P, nito (N), mdt sb cation (Ca?*, Mg®") va cac chét hiru
co (tinh theo nhu cau oxi hoa hoc, COD) ra khéi bun thai. Két qua cho thay & 50°C téc doé giai phéng
chia photphat (PO,*-P) va téng P (TP) twong d6i thap. Khi nhiét dé ting dan Ién 80°C, tbc dd nay dién
ra rat nhanh trong khoang 2 h dau tién va giam dan khi tang th&i gian xir ly. & cling nhiét do va thoi
gian x& ly, ham lwong chat ran lo Iteng (MLSS) cang cao thi P dwoc giai phéng cang nhiéu. Téng nito
(TN) ciing giai phéng nhanh trong qua trinh xir ly, nhwng néng do ciia amoni (NH,*-N), nitrat (NO5-N),
nitrit (NO,-N) déu rat thap. Sw giai phong ctia Mg®* tang Ién theo nhiét dé va thi gian xtr ly, trong khi
dé Ca? lai suy giam. O nhiét d6 cang cao, COD giai phéng cang I&n. MLSS giam nhanh khi tang nhiét
dd va thoi gian xiv ly. Két luan chung: diéu kién thich hop dé giai phong P va cac chat vé co, hiru co
ra khéi bun l1a 60°C, théi gian xtv ly 2 h.

Tir khéa: Bun thai, giai phéng nito, giai phéng photpho, giam khéi lwgng bun, nhiét do.

SUMMARY

Study on the potential of the phosphorus (P), which released from wasted sludge, plays an
important role in P recovery and reuse for fertilizer industry. In the present study, the effects of
temperature and time on the release of P, nitrogen (N), organic matters (Calcullated as Chemical
Oxygen demand COD), and some cations (Ca*", Mg®*) from wasted sludge were examined. As a result,
at 50°C the rate of phosphate (PO,>"P) va total P (TP) release was relative low. When temperatures
were increased up 80°C the releasing rates were much higher in the first two hour and then reduced
gradually afterwards. At the same treatment temperature and time, the higher mixed liquid suspended
solids (MLSS) concentration the higher P release was achieved. Total N (TN) was released quickly
during sludge treatment, but ammonium (NH4"-N), nitrate (NO;™-N), nitrite (NO,-N) concentrations were
very low. Mg2+ rel was incr d with treatment temperature and time, whereas Ca** release was
reduced. The more COD was released at higher temperature. MLSS concentration was reduced rapidly
when treatment temperature and time were increased. In conclusion, 60°C and 2 hrs were considered
as the proper conditions for the release of phosphorus, inorganic as well as organic compounds from
wasted sludge.

Key words: Nitrogen release, phosphorus release, sludge reduction, temperature, wasted sludge.

675



Anh hwéng clia nhiét d6 va thoi gian xt ly dén sy gidi phéng photpho tir bun thai

1. DAT VAN DE

Photpho (P) 14 nguyén t& da lugng déng
vai trd rat quan trong cho sy song cta tat ca
cac loai bao gdbm céc loai vi khuén, thuc vat,
dong vat va ca con ngusi (Karl, 2000). Tuy
nhién, P lai khong thé téng hop dude bing
phuong phap nhén tao. Trong ty nhién, P la
ngudn tai nguyén khéng cé kha ning tu
phuc héi (Stanley, 2001). Cac nguén du trit P
trén thé gidi da va dang bi khai thac véi téc
do ting nhanh chéng. Uédc tinh, chi sau
khoang 20 ndm niia, nguén tai nguyén nay &
mot s6 nude (vi du Canada, Togo, Senegan)
sé bi can kiét. Trung Quéc cé trii lugng
quing photphat 16n nhat, nhung thoi gian
can kiét udc tinh ciing chi khoang 125 nim
niia (M5 Khic Uan va Piang Kim Chi, 2008).

Msit khac, néu P thai vao ngudén nudc
tiép nhan qua cao sé gay ra hién tugng phd
dudng, lam anh hudng dén cac sinh vat thuy
sinh v méi truong (Pang Kim Chi, 1999). P
trong nudc thai c6 thé duge xi ly bing
phuong phap sinh hoc. Phuong phap nay tao
ra bun thai ra c¢6 ham lugng P cao (Grady va
cs., 1999). Khi P dudc giai phéng ra khoi
bun, c6 thé duge thu hdi bang phuong phép
(thuong 1a dang muéi photphat) va c6 thé tai
sti dung cho nganh céng nghiép phan bén
(de-Bashan va Bashan, 2004). Do d6, nghién
ctiu va danh gia cac phuong phap hiéu qua
dé thuc hién qua trinh giai phéng P ra khéi
bun c6 § nghia rat quan trong va can thiét.
Qua trinh giai phéng P ra khoi bun c6 thé
duge thuc hién bing phuong phap sinh hoc
dya vao hoat dong ctia mot s6 chung vi
khuén d#c trung (vi du ching vi khudn
Acinetobacter) dién ra trong diéu kién yém
khi (Tchobanoglous va cs., 2003). Phuong
phap nay doi hdi phai cung cap du lugng co
chat va hoan toan dua vao cac chiic ning cua
loai vi khudn dic trung néu trén. Dé dat
hiéu qua xti 1y cao, phuong phap nay doi hoi
phai duy tri ch& d6 van hanh 6n dinh. Bén
canh d6, giai phéng P ra khéi bun bang mét
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s6 phuong phap khac ciing da dudc nghién
ctiu, vi du phén giai bun bang nhiét
(Shanableh, 2000; Dwyer va cs., 2008), xi 1y
bun bing ozon (0;) (Yan va cs., 2009;
Campos va cs., 2009), hodc xt 1y bun bing
hydro peroxit (H,O,) (Saayman va cs., 1996;
Kim va cs., 2009). Trong cac phuong phap
néu trén, phuong phap xu ly nhiét c6 nhiéu
trién vong nhét néu ngudn ning lugng cho
qua trinh xt 1y dudc tan thu tit nguén khi
sinh hoc sinh ra tit cong doan phan gidi yém
khi (Holm-Nielsen va cs., 2009). Do vay, néu
két hop qua trinh phan gidi bun yém khi véi
phuong phép xt 1y bun bang nhiét dé thu hoi
P sé& 1a mot giai phap c6 tinh kha thi cao.

Mic du phuong phap xt 1y bun bang
nhiét da dudc mot sd tac gid nghién ctu
(Shanableh, 2000; Dwyer va cs., 2008). Tuy
nhién, cac nghién ciu dé cha yéu tap trung
danh gia va udc tinh hiéu qua giam thé tich
va khoi lugng bun thai, hoan toan khéng dé
cap dén su giai phéng cac hgp chit c6 trong
bun thai xay ra trong qua trinh xi 1y.

Nghién citu nay tién hanh danh gia anh
hudng ctia nhiét d§ va thoi gian xt 1y dén su
giai phéng photpho ra khéi bun thai trong
qua trinh xt 1y bun bing phuong phap nhiét.
Bén canh d6, nghién ctiu ciing danh gia su
gidi phéng nitd, cac hop chat hitu co, mot s&
cation (Ca*, Mg®*), va hiéu qua gidm ham
lugng chat rdn 1o ling (MLSS) ciing nhu
phan chit rin bay hoi (VSS) & cac didu kién
xt Iy khac nhau.

2. PHUONG PHAP THUC HIEN

2.1. Thi nghiém x{ 1y bun bing phuong

phap nhiét

Cac thi nghiém xu ly bun thai dugdc tién
hanh gian doan theo tiing mé. Cac miu bun
can xu ly (thé tich mau 1a 100 mL, va ¢6 ham
lugng MLSS 7500 mg/L) duge dua vao cac
binh phan tng tucng tng (c6 thé tich 150
mL). Cac binh phan tng nay dudc dit vao
may diéu nhiét (WiseBathWSB01018,
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Daihan Scientific Co., Korea). Nhiét d6 thi
nghiém duge diéu chinh va kiém soat cac
mtic nhiét d6 50, 60, 70 va 80°C nhd bo cam
bién nhiét tu dong. Bo phan rung lic dam
bao hén hgp bun trong binh phan tng dudc
dao tron déng nhat trong thoi gian thi
nghiém. Cac thi nghiém dugc tién hanh
trong thoi gian 5 h. Trong qué trinh phan
Gng, thanh phan photpho va cac hgp chat
khéc sé dugc gidi phéng ra khéi bun. Dinh
ky sau 30 phiit, cic mau bun dudc 14y ra va
tién hanh phan tich cac thong s& theo muc
dich nghién ctu. D& dam bao s6 liéu ¢6 do tin
cdy cao, tat ca thi nghiém tai mdi nhiét do
dude tién hanh 1ap lai 3 14n, két qua thu
dudgc la gia tri trung binh.

2.3. Phuong phap phan tich

Cac miu thu dugc sau thoi gian phan
ting dudc tién hanh ly tdm 6 5000 vong/phut
trong 5 phit (ding may ly tAm WiseSpinCF-
10, Daihan Scientific Co., Korea). Mot phan
nude thu duge dung dé phan tich cac théng
s6 nhu cAu oxi héa hoc (COD), téng photpho
(TP), photphat (PO,*-P), téng nits (TN),
nitrat (NO4-N), nitrit (NO,-N) va amoni
(NH,"-N). Trong d6, COD, TP, PO-P, TN,
NO,-N va NO,-N dugc xac dinh bing
phuong phap so mau (trinh ty thuc hién theo
phuong phap chudn cia APHA (2005) va do
bang thiét bi Hach (Model DR/2500, Hach
Corp., USA). NH,*-N dugec xac dinh bang
phuong phap dién cuc chon loc ion (Thermo
Orion, Model 95-12, USA). Mét phan mau
sau phan ting duge loc qua gidy loc soi thuy
tinh, kich thuéc 16 0,45 um (loai gidy loc
GD/X PVDF, Whatman, UK). Phan nuéc thu
duge dung dé phan tich néng d6 cha cac
cation canxi (Ca?) va Magie (Mg®) bing
phuong phap sic ky ion (st dung thiét bi
Dionex DX-80 Ion Analyzer, Dionex Corp.,
USA). Phan miu bun con lai duge dung dé
xéac dinh ham lugng chat rin Io ling MLSS)
va phan chit rin bay hoi (VSS) theo phuong
phéap chuén ctia APHA (2005). D6 pH cua cac

mau dugde do bang thiét bi Horiba Navi®pH
meter (Model F-54, Japan).

3. KET QUA VA THAO LUAN

3.1. Anh huéng ctia nhiét dé va thdi gian
xU 1y dén su gidi phong photpho

Su giai phéng caa TP va PO*-P ra khéi
bun trong qua trinh xt ly bun thai & cac
nhiét @6 khac nhau (thay d6i tit 50 dén 80°C)
(Hinh 1) cho th4y, & 50°C t6c d6 gidi phéng
cua ca PO,*-P va TP déu tuong doi thap. Khi
nhiét do xt 1y téng lén 60, 70 va 80°C, toc do
giai phéng PO,>-P va TP dién ra rit nhanh
trong khoang 2 gio dau tién va téc d6 nay
giam dan khi ting thoi gian xu ly. Két qua
biéu dién ty lé gitia PO,>-P va TP cho thdy rd
su gidi phéng PO,*-P chiém chu yéu. Tuy
nhién, khi nhiét d6 ting tu 50°C dén 80°C, ty
1é cia PO,*-P va TP lai ¢6 xu hudng suy giam.

Ti cac két qua thu duge (Hinh 1) cho
thay, chi cdn xi 1y bun thai ¢ 60°C la dam
bdo qua trinh giadi phéng PO,>-P dat hiéu
qua. Cu thé, sau 2 gio xt ly bun & 60°C,
lugng PO,*-P gidi phéng thu duge 1a 90,5
mg/L, chiém khoang 91,8% tong lugng TP da
giai phong. D6i véi viéec thu hoéi photpho,
PO,>-P déng vai trd quan trong hon la TP
(Song va cs., 2002). Két qua cia nghién ciu
nay cho thay, diéu kién thich hgp cho qua
trinh giai phéng photpho bing phuong phap
xti Iy nhiét 1a 60°C va thai gian xt 1y 1a 2 gio.

Mot van dé nhé duge dit ra, ham lugng
MLSS c¢6 anh hudéng dén qua trinh giai
phéng P nhu thé nao? Mot diéu hién nhién 1a
trong cing mot thé tich bun cho truée, MLSS
cang cao thi cang chta nhiéu P. Khi MLSS
cao, tiic 1a ty 1& nuéc trong d6 giam. Khi ty 1é
nuéc gidm, thi niang lugng tiéu toén cho qua
trinh dun néng sé gidm. Pidu nay dé hiéu
bdi vi hau nhu nang ludng cin cho qua trinh
xt Iy bun phu thuodc chi yéu vao vao lugng
nudc c6 trong thé tich bun cAn dun néng.
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Hinh 1. Anh hudng ctia nhiét do va thoi gian x 1y dén sy gidi phéng photpho

Pé xac dinh rd hon anh hudng cua
MLSS dén su gidi phéng cua photpho,
nghién ctiu tién hanh hai thi nghiém b6 sung
v6i MLSS trong hai thi nghiém nay lan lugt
5000 va 10000 mg/L (bing cach pha lodng
mAau biin bang nuéc cit hoic gan bd bét phan
nude trong sau khi 14ng). Thi nghiém béd
sung duge tién hanh § 60°C. Két qua thu
dugc (Hinh 2) cho thdy rd anh hudng cua
MLSS dén su giai phéng photpho. Khi MLSS
dudc tang lén gip d6i, lugng P dugc giai
phéng ciing ting tuong ting khoang 2 lin.
Nhu vay, MLSS 1a yé&u t6 quan trong d6i véi
qué trinh xt 1y bun bing phuong phéap nhiét.
d cung nhiét d6 xt ly, MLSS cang cao thi
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photpho duge giai phéng cang nhiéu. MLSS
cao ¢6 thé tiét kiém nang lugng, giam chi phi
van hanh d6i véi viéc giai phéng P trong qua
trinh xt 1y bun bang phuong phap nhiét.

3.2. Anh huéng ctia nhiét dé va thdi gian

xU 1y dén su giai phéng nito

Hinh 3 biéu dién két qua cac hgp chit
nito dugc giai phéng ra khdi bun trong qua
trinh xt 1y nhiét. K&t qua thu dude cho thay,
TN ciing dugc giadi phéng nhanh trong qua
trinh dun néng, nhung néng do ciia NH,*-N,
NO,-N, NO,-N déu rat thap. Nhu vay, lugng
TN giai phéng trong qua trinh xi 1y cht yéu
chiia thanh phan nitd hiitu co.
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Hinh 2. Anh hudng ctia ham Iugng MLSS dén sy giai phéng photpho

200 - 200 °
50°C . 60°C

~ 175 A -

-} )

3 3 150

E 150 E 125

E £ 10

z.- 125 4 z. 75

=3 g

2 g z %

z z

Vo 40 L 20

e g

; 1 A

z 30 z 5

T 20 4 =10

= s =z
10 5 !
0¢ 0

0 30 60 90 120 150 180 210 240 270 300 30 60 90 120 150 180 210 240 270 300
Thoi gian xu ly (phut) Thoi gian xu ly (phut)

200 ~ 200 ~
175 70°C 175 80°C

) )

2 150 2 150

E 125 E 125

= =

= 100 = 100

78 75

o o]

z % z 8

z Z

& 20 &20

Z 15 Z 45

3 z

= 10 = 10

= =

*
———1

: &
-4 -t
= .l v A

49

49

0 30 680 90 120 150 180 210 240 270 300
Thaoi gian xu ly (phut)

30 60 90 120 150 180 210 240 270 300

Thoi gian xu ly (phut)

Hinh 3. Anh huéng cta nhiét do va thoi gian xt 1y dén sy gidi phong nito
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Nito ¢ dang NH,*-N ¢6 thé duge st dung
trong moét s6 qua trinh thu héi photpho,
ching han qua trinh két tia tao thanh
magie amoni photphat hydrat (con duge goi
14 tinh thé struvit) theo phuong trinh phan
tung rat gon sau (Yi va cs., 2005).

NH,” + Mg* + PO,* + 6H,0 =
MgNH,PO,.6H,0

Phuong phap thu hdi photpho & dang
struvite ¢6 uu diém xt ly déng thoi ca
photpho va nito ra khéi nuéc thai. Nhung
trong nghién c@u nay, két qua phan tich
(Hinh 3) cho thay, nong d6 cia NH,*-N giai
phéng qua thdp (chi dao dong khoang 1-4
mg/L). Do d6, két tha struvit sé rat khoé hinh
thanh trong diéu kién nghién ctiu nay.

Két néi cong doan tién xi 1y bun véi hé
thoéng x 1§ nude thai, cdn luu ¥ ring, hén
hgp bun sau xt 1y thudng duge tudn hoan tré
lai hé thong (Shanableh, 2000). Khi d6, néu
néu luong nito gidi phéng ra khéi bun qua
16n ¢6 thé 1am cho tai lugng nito dau vao hé
théng xu 1y nuée thai du thita, vugt qua kha
ning xu 1y nito cta hé théng. Do vay, bat
budc phai tinh dén van dé han ché su giai
phéng cta nitd khi xi 1y bun bing phuong
phap nhiét. Hay néi cach khac, cdn han ché
qua trinh xt 1y bun ¢ dai nhiét d6 cao. Can

nhic dén khia canh nay, c6 thé lua chon
nhiét d6 thich hgp cho qua trinh gidi phéng
nito 1a 60°C (tuong tu khoang nhiét d6 thich
hgp déi véi qué trinh giai phéng P).

3.3. Anh huéng ctia nhiét dé va théi gian
xU Iy dén sy gidi phéng mot s6 cation
Nghién ctiu nay ciing tién hanh phan

tich kiém tra mtc do giai phéng cia mot sé

cation (Ca?, Mg®) trong dung dich tach ra
sau qua trinh xt ly bun. Két qua thu duge
trén hinh 4 cho th4y, sy giai phéng cua

Mg*" tdng lén theo nhiét dd va thoi gian

phan ting, trong khi d6 Ca®" lai suy giam

rat rd rang khi nhiét do va thoi gian phan

Gng tang lén.

Sy suy giadm ctia Ca?* phan 4nh qua
trinh két tia da dién ra. Diéu nay giai thich
cho ké&t qua phan tich 6 hinh 1: PO-P thu
dugc cang thap 6 nhiét do cang cao. Néi cach
khac da c6 su két hop gita Ca® va PO,>-P dé
tao thanh két tia canxi photphat trong qua
trinh xt Iy bun.

Nhu vay, dé han ché& su giai phéng caa
Ca?, 1a tac nhan tao két tua lam giam lugng
PO,*-P da gidi phéng, nén chon khoang
nhiét do thap cho qua trinh xt 1y bun bing
phuong phap nhiét.
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Hinh 4. Anh huéng ctia nhiét do va thoi gian x 1y dén sy giai phong Ca* va Mg*
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3.4. Anh huéng ctia nhiét do va thoi gian
xU 1y dén sy giai phéng cac chat hitu co
Trong nghién ctu nay, su giai phéng

cia cac chat hiiu co duge danh gia théng
qua phan tich néng @6 COD cta dung dich
thu dugc sau qua trinh xt 1y nhiét. Hinh 5
biéu dién két qua phan tich néng d6 COD
da giai phéng. Két qua thu duge cho thay,
COD ting lén dang ké khi tang nhiét do va
thoi gian xu ly. 0 nhiét do cang cao, COD
gidi phéng cang 16n. Nhu vay, xt 1y bun
bing phuong phép nhiét c6 uu diém la kha
ning tao ra mot lugng dang ké cac chat hiu
¢ hoa tan. Lugng COD giai phéng ra c6 thé
dung lam ngudén cung cdp chit hitu cd bd
sung cho qui trinh khu nitrat trong hé
théng xu 1y nuéc thai.

Mot s6 nghién cu cho thay, thanh
phan cac chat hiiu cd giai phéng trong qua
trinh xt 1y buin rat phic tap, bao gbm nhiéu
hop chét hitu co khac nhau, chdng han cac
axit htiu co (nhu axit axetic, propionic,
butyric, iso-butyric, valeric, va iso-valeric)

(Borowski va Szopa, 2007). Do diéu kién
han ché& vé thiét bi phan tich trong thoi gian
tién hanh thuc nghiém, nén nghién ctu nay
chua c6 diéu kién dé phan tich riéng biét
thanh phan ctia cac axit hiiu co. Tuy nhién,
két quid do pH cta cidc miu thi nghiém
(Hinh 6) cho thay, pH suy gidm nhanh sau
qué trinh xt 1y, phan nao chiing t6 da c6 su
gidi phéng cac axit hitu co ra khéi buin trong
qua trinh xi 1y.

3.5. Anh huéng ctia nhiét dé va théi gian
xt Iy dén kha ning giam khéi lugng
bun thai
Su suy giam vé MLSS va VSS thu dudc

trong qua trinh x& ly nhiét duge thé hién
trén hinh 7. O 50°C, téc do suy gidm MLSS
va VSS rat cham. Khi nhiét d6 dat 60°C, toc
do giam MLSS va VSS tiang nhanh chéng, va
khéi lugng bun giam cang nhiéu 6 nhiét do
cang cao. Két qua thu dugc phu hop véi su
bién thién gidi phéng cua P, N, COD va cac
cation Ca®", Mg*.

1500

—@— COD (50°C)
—%— COD (60°C)
—— COD (70°C)
1200

9] (o]
o o
o o

]
o
o

COD giai phong ra khoi bun (mg/L)

—— COD (80°C) "

0 30 60 30

120
Thoi gian xu ly (phut)

T T T

180 210 240 270 300

150

Hinh 5. Anh hudng ctia nhiét d6 va thoi gian dén sy giadi phéng COD
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Anh hwéng clia nhiét d6 va thoi gian xt ly dén sy gidi phéng photpho tir bun thai
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Hinh 6. Sy bién thién pH ctia cac hén hgp bun sau qua trinh x@ 1y

4. KET LUAN

Trong qua trinh x& ly bun thai bing
phuong phéap nhiét, khéng chi photpho ma ca
nito, mot s& cation (Ca*’, Mg*) va cac chat
hiiu co cling duge giai phéng ra khoi bun.

K&t qua cu thé:

-0 50°C toc db gidi phéng cta ca PO,*-P
va TP déu tuong d6i thap. Khi nhidt do xit Iy
ting dén 80°C, toc d6 gidi phéng PO,>-P va
TP dién ra rat nhanh trong khoang 2 gid dau
tién va sau d6 giam dan.

- Ham lugng MLSS c6 anh hudng 1én
dén su giai phéng photpho. & cing nhiét dd
xti ly, khi MLSS dugc tang 1én gdp d6i, lugng
P dugc gidi phéng ciing téng tucng ting
khoang 2 14n.

- TN ciing dudc giai phéng nhanh trong
qua trinh x@ ly, nhung néng d6 ctia NH,*-N,
NO,-N, NO,-N déu rat thap.

- Sy giai phéng ctia Mg** téng 1én theo
nhiét do va thoi gian xt 1y, trong khi d6 Ca*
lai suy giam, phan anh c6 qua trinh két tua
canxi photphat trong qua trinh xi ly.

- COD tiang lén dang ké khi ting nhiét
do va thoi gian xi 1y.
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- Téc dd va khoi lugng MLSS, VSS giam
nhanh khi ting nhiét d6 va thoi gian xt ly,
phit hgp véi su bién thién giai phéng cua P,
N, COD va cac cation Ca*", Mg

Két luan chung: ham lugng MLSS 1a
yéu t6 quan trong ddi véi qua trinh xu 1y
bun bing phucng phap nhiét. Diéu kién
thich hdp cho quéa trinh giai phéng photpho
va cac hgp chat vo co, hiiu cd ra khéi bun xt
Iy bang phuong phap nhiét 14 60°C va thoi
gian xtily 2 h.

L&i cAm on

Céac tac gia chan thanh cam on Chuong
trinh BK21 - B Gido duc, Khoa hoc va Han
Quéc, va Dai hoc Sungkyunkwan da tai trg
kinh phi va co sé vat chat cho nghién ctu
nay.
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