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TANG CUONG HIEU QUA PHAN HUY KY KHi CUA BUN THAI
TU TRAM XU LY NUGC THAI SINH HOAT DO THI
BANG TIEN XU LY VGI KALI HYDROXYDE

LE NGOC THUAN", NGUYEN THI THU HA?, VU THI MAI', NGUYEN XUAN LAN!
"Truong Dai hoc Tai nguyén va Moi trudng Ha N§i
2Trudng Dai hoc Kién triic Ha Noi

Tom tat

Trong boi canh cong nghiép héa va dé thi héa ngay cang gia ting, viéc quan ly va xii ly bun thdi, ddc biét la
biin hoat tinh thdi (Waste Activated Sludge - WAS), da tré thanh mdt trong nhiing thdch thiic méi truong lon
nhdt. WAS la san pham phy khong thé tranh khéi ciia qud trinh xii Iy nuéc thdi sinh hoc tai cdc nha mdy xit ly
nuéc thdi do thi (WasteWater Treatment Plant - WWTP). Viéc thdi bé WAS khong diing cdch c6 thé gay ra tdc
hai nghiém trong cho méi truong do ham lugng mdm bénh va chdt hiiu cd cao trong bun. Nghién ciiu nay nham
phdt trién mét quy trinh tién xit ly bang KOH hiéu qud, tich hgp phén tich co ché, hiéu sudt va tiém ndng ting
dung thuc té, tis d6 cung cdp gidi phdp t6i uu cho viéc xii Iy WAS va thu héi ning lugng. Nghién ciiu chi ra, tién
x4 ly kiém bdng KOH trong 3 gid la phuong phap tién xii ly hiéu qud d€ ting cudéng qud trinh phan hiy ky khi
ctia bin hoat tinh thdi, két qud la ting ddng ké tiém ndang sinh khi biogas. Liéu lugng KOH t6i wu (0,15 gKOH/
gVS) da ginp ting sdan lugng biogas tich liiy 1én 34% so vdi mau déi chiing. Su ting cuong nay dat dugc nho
khd ndng phd vé manh mé cdu triic sinh khoi, lam ting nong dé sCOD lén gin 5 lan. VGi hiéu qud tang cudng
khi biogas ro rét va thoi gian xit ly ngdn (3 gid), phuong phdp nay cé tiém ndng trién khai thuc té dé cdi thién
tinh kinh té va méi truong ciia cdc tram xi ly nuéc thdi.

Tii khéa: Tién xit Iy kiém, bin hoat tinh thdi, phan huy ky khi.
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Enhancement of anaerobic digestion efficiency
of sludge from urban domestic wastewater treatment
plants by pretreatment with Kali hydroxide

Abstract

With the increasing industrialization and urbanization, the management and disposal of wastewater sludge,
especially Waste Activated Sludge (WAS), has become one of the biggest environmental challenges. WAS is an
inevitable by-product of biological wastewater treatment in municipal wastewater treatment plants (WWTP).
Improper disposal of WAS can cause serious environmental damage due to the high pathogen and organic con-
tent in the sludge. This study aimed to develop an efficient KOH pretreatment process, integrating the analysis
of mechanism, performance and practical application potential, thereby providing an optimal solution for
WAS treatment and energy recovery. The study confirmed that 3-hour alkaline pretreatment with KOH is an
effective pretreatment method to enhance the anaerobic digestion of waste activated sludge, resulting in a sig-
nificant increase in biogas potential. The optimal KOH dosage (0.15 gKOH/gVS) increased the cumulative bio-
gas yield by 34% compared to the control sample. This enhancement was achieved due to the strong disruption
of the biomass structure, which increased the sCOD concentration by nearly 5 times. With the obvious biogas
enhancement effect and short treatment time (3 hours), this method has the potential for practical implemen-
tation to improve the economic and environmental performance of wastewater treatment plants.
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1. PAT VAN bE truyén thong nhu chon 1dp, t compost c6 chi phi van
Viéc xu ly bun hoat tinh thai WAS tii qua trinh xi¢  hanh cao va hiéu qua khéng 6n dinh.
ly sinh hoc hiéu khi cia nuéc thai ding cach rat ton Bun thai WAS chua sinh khoi vi sinh vat va cac

kém, chiém khoang 60% tong chi phi van hanh cia hgp chét hiiu co phtic tap, v6i thanh phan chu yéu la
cac nha may xt ly nudc thai. Cac phuong phap xti ly protein (khoang 30%), carbohydrate (khoang 40%), va
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lipid (khoang 30%). Bun thai cting c6 ham lugng COD
cao, dao dong tli 45-63 g/L [1]. Phuong phap phéan hay
ky khi (Anaerobic Digestion - AD) dugc ap dung rong
rdi trén toan thé gisi d€ gidm thé tich, én dinh bun
va la mot phuong phép thu héi nang lugng dudi dang
khi sinh hoc (biogas). Biogas thuong chiia 60-70%
methane, dugc st dung dé san xudt dién nang, gitp
giam chi phi vén hanh cho cac nha may xti Iy nudc thai
va gidm phat thai CO, bang cach thay thé nhién li¢u
héa thach [2,3].

Mic du AD mang lai loi ich 16 rét, yéu cau nang
lugng thdp va san phdm phéan hty 6n dinh, nhung
thach thic 16n nhat 1a toc do thiy phan cac chéat hitu
co dang hat cia WAS thip do cac sinh khéi vi sinh
vat WAS dugc bao boc boi mang luéi polymer ngoai
bao (Extracellular Polymeric Substances - EPS) phtic
tap va bén viing ngan can cac enzyme ti€p can va phan
giai cac chat hitu co ngi bao. Do rao can nay, bun thu
cap (WAS) khong c6 tién xt ly chi dat hiéu suit phan
huy chét ran bay hoi (VS) khoang 30-45%, trong khi
bun so cap cé thé dat t6i 60-65%. Hiéu sudt thily phan
thap dan dén thoi gian luu bun kéo dai (thudng 20-30
ngay), hiéu sudt phan huy tong thé thip, va san lugng
biogas thu dugc khong dat ky vong [2,3,4]. D€ khac
phuc, cac phuong phap tién xt ly (nhu héa hoc, nhiét,
hodc két hgp) 1a cln thiét d€ pha v& cdu tric nay va cai
thién hiéu suat tiéu hoa ky khi.

Tién xt ly kiém da tré thanh mot phuong phap
dugc uu tién d€ tién xtt ly bun do quy trinh don gian,
dé van hanh va hiéu qua cao, cu thé la:

o Tang kha nang hoa tan ctia chat hitu co (tCOD >
sCOD) [3,4].

« Pha v6 EPS - tang kha nang ti€p can co chat: ALK
pha v mang luéi EPS va cac t€ bao vi sinh vat, giai
phong vét chat hitu co ndi bao ra dang hoa tan [3,5].

o Sti dung KOH hiéu qua cao hon NaOH: Trong
cac nghién ctu so sanh, tién xu ly bing NaOH va
KOH cho thdy hiéu qua tuong duong nhau trong viéc
tang cuong sCOD (tdng gan 8 lan) va tang san lugng
methane (50%) d6i véi phan gia stc [5,6]. Tuy nhién,
KOH mang lai loi thé vé gia tri dinh duéng va moi
truong sau xu ly. Ngoai ra, chat thai 16ng tu tién xu
ly KOH c6 thé gay ra it vdn dé mdi trudng hon (nhu
nhiém man dat) so véi NaOH [5,6,7].

Mac du hiéu qua cua tién xt ly kiém da dugc chiing
minh rong rai, nhung cac nghién ctiu vé tién xu ly
kiém thuong st dung thoi gian xt ly dai (vi du: 24 gio),
hodc ap dung nhiét 46 cao hon (thermo-alkaline) két
hop thai gian git nhiét 3-5 gi¢ & 80°C d€ dat hiéu suit
mong muén [4,6,8,9] ma it nghién ctiu danh gia KOH
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v6i thoi gian xt ly ngan 3 gi¢ d6i véi bun hoat tinh du
(WAS). Muc tiéu nghién ctiu nay tap trung vao viéc t6i
uu hoa va danh gia KOH nhu mot tac nhan tién xt ly
hiéu qua va bén viing cho WAS:

« Danh gid thay ddi tinh chat bun hoat tinh sau tién
xu ly KOH.

o Xac dinh anh hudng cua liéu lugng KOH dén qua
trinh phan hay ky khi.

2. VAT LIEU VA PHUONG PHAP

2.1. Thu gom va ddic diém mau bim hoat tinh ban ddiu

Bun hoat tinh thai (WAS) dugc st dung trong thi
nghiém nay la bun thi cdp, dugc thu gom tii bé lang
thu cép cta coéng trinh xt ly sinh hoc tai Tram xt ly
nudc thai Vinh Yén cé cong sudt thiét ké 5000 m?/
ngay,dém. Bun dugc ldy vé va phan tich cac dic diém
héa ly ban dau trudc khi tién hanh tién xu ly kiém
bang hoa chat Kali Hydroxide (KOH).

2.2. Quy trinh tién xi ly bang KOH

Quy trinh tién xt ly kiém dugc thuc hién trén bun
hoat tinh thai (WAS) thu thap ti nha méy xt ly nuéc
thai Vinh Yén. Bun dugc xt ly trong thoi gian ngén
la 3 gi¢ & nhiét do phong. Cac thi nghiém tién xu ly
dugc thiét lap véi bon truong hgp chinh: mot mau doéi
chiing khong qua xt ly va ba mau dugc xt ly véi cac
liéu lugng Kali Hydroxide (KOH) khac nhau.

Cac liéu lugng KOH thi nghiém dugc lya chon dua
trén khoi lugng chét ran bay hoi (VS) ctia bun ban dau,
cu thé 1a: 0,03 g KOH/g VS, 0,09 g KOH/g VS va 0,15
g KOH/g VS. Muc tiéu la dat dugc mtic pH kiém cao
dé dam bao sy pha v& ciu truc bun va hoa tan chét
htiu co.

Sau 3 gi¢ tién xt ly kiém, cac mau bun dugc trung
hoa ngay lap tiic. Viéc nay dugc thuc hién bang cach
thém dung dich HCI cho dén khi dat pH =7 0.2. Muc
dich ctia budce trung hoa la tranh s6c pH cho quan xa
vi sinh vat trong hé thong phan hay ky khi tiép theo.

Cac thong s6 dugc theo doi sau tién xt ly bao gom
su thay d6i ctia TS (T6ng chdt ran), VS (Chit ran bay
hoi) va sCOD (COD hoa tan). Ngoai ra, TN (Téng
Nito) va TP (Téng Phét pho) trong pha long ciing
dugc theo doi va ghi nhén su thay dai.

2.3. Thi nghiém sinh khi Biogas ky khi (Batch
anaerobic digestion tests)

Thi nghiém phén huy ky khi dugc thuc hién theo
mé nham danh gia hiéu sudt san xuét biogas cua buin
hoat tinh thai (WAS) sau khi dugc tién xt ly bing
KOH. Cic mau tht nghiém bao gém mot mau doi
chting khong xti ly va ba mau da qua tién xt ly KOH &
cac liéu lugng 0,03 g KOH/g VS, 0,09 g KOH/g VS va
0,15 g KOH/g VS. Trudc khi dua vao hé thong ky khi,
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bun da dugc diéu chinh vé pH trung tinh (pH =7 0.2)
béang dung dich HCl loang dé tranh hién tugng s6c pH,
bao vé quan xa vi sinh vat ky khi.

Thi nghiém dugc tién hanh trong diéu kién nhiét
do trung binh (mesophilic), duy tri 6n dinh & 35,1°C.
Toan bd qua trinh theo doi thé tich khi biogas tich lay
dugc thuyc hién bing cach thu khi sinh ra vao tai chiia
khi. Thoi gian thi nghiém dugc kéo dai cho dén khi
san lugng khi 6n dinh, véi cac dit liéu dugce ghi nhan
trong 21 ngay.

3. KET QUA VA THAO LUAN (RESULTS AND
DISCUSSION)

3.1. Ddc diém bun hoat tinh ban ddu tai nha mdy

Bun hoat tinh thai (WAS) dugc thu thép ti bé lang
thit cdp ctia cong trinh xu 1y sinh hoc tai Tram xu ly
nud6e thai Vinh Yén (céng sudt 5000 m*/ngay, dém).
Céc chi tiéu hoa ly ctia buin hoat tinh ban dau (mau déi
chiing) dugc xac dinh nhu sau:

Bun c6 tinh chat gan trung tinh véi pH dat 7,1.
Tong chit rian (TS) dat 23,1+2,5 g/l, trong d6 chit ran
bay hai (VS), thé hién phan hiiu co, 1a 17,2+1,9 g/l

Vé ham lugng chét hiiu co, COD t6ng (tCOD)
ban d4u ctia bun la 9500 mg/l. Noéng d6 COD hoa tan

(sCOD) - phan htiu co da dugc hoa tan san va dé dang
dugc vi sinh vat ky khi ti€p can - la 825,3+56 mg/l. Ty
1é¢ sCOD so véi tCOD tuong d6i thdp cho thdy phan
16n chét hiiu co trong bun & dang hat hodc bi bao boc
trong cdu tric sinh khdéi ban dau. Béac diém nay phan
anh kha ndng phan huy ky khi ban dau bi giéi han &
budc thuy phan, hay con goi 1a bun "gia", lam giam
tiém nang tao khi sinh hoc,..

Ham lugng dinh duéng trong bun ban dau ciing
dugc xdc dinh (tinh theo %TS): Téng Nito (TN) chiém
1,840,5 %TS va Téng Phét pho (TP) chiém 2,1+0,3
%TS. Do d6, viéc tién xti ly kiém la can thiét d€ pha vo
cdu trac bun, giai phong chat hitu co hoa tan va nang
cao hiéu suat sinh khi.

3.2. Anh huiéng ciia tién xit ly KOH dén tinh chdt bin

Két qua do dugc cho thay, chi véi liéu lugng 0,09 g
KOH/g VS va 0,15 g KOH/g VS, pH sau xti Iy da dat muic
kiém manbh, lan lugt 1a 12,3 va 12,5. Liéu lugng thap hon
(0,03 g KOH/g VS) chi dat pH 11,5.

Tang cudng hoa tan chat hitu co (sCOD)

Dii liéu cho thdy, nong d6 sCOD thay déi trong 4
mau thi nghiém: tit 823,5 mg/l & mau bun thai ban dau
c6 ting nhe § mau déi chiing 1én 1.021 mg/l, ting manh

Ldy mau tai Tram xii ly nudc thdi Vinh Yén
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Bang 1. Pdc diém bun hoat tinh

Chi tiéu Pon vi Gia tri
pH - 7,1
TS g/l 231425
VS g/l 172+19
tCOD mg/1 9.500 + 68
sCOD mg/l 825.3 £ 56
TN %TS 1.8+£0.5
TP %TS 21+0.3

& cac mau dugc tién xt ly bang KOH, téi
2.978 mg/1 & liéu lugng 0,035 g KOH/g VS,
3.165 mg/l & liéu lugng 0,09 g KOH/g VS
va dat cao nhat la 3.956 mg/l & liéu lugng
0,15 g KOH/g VS, tuong duong véi mtic
tang sCOD lén khoang 4,8 14n so v6i mau
bun thai ban dau. Su gia tang sCOD nay la
bing chiing truc tiép cho thiy, qud trinh
tién xu ly kiém da thanh coéng trong viéc
thty phan sinh khoi vi sinh vat, gidi phdng
cac hgp chat hitu co ndi bao va ngoai bao
(EPS) vao dung dich, tao ra nguén co chat
hoa tan déi dao cho qud trinh phan huay ky
khi tiép theo.

Nhin xét:

Két qua cho thay, liéu lugng KOH cang
cao cang thic ddy qua trinh phd v& sinh
khoi manh mé, dan dén ting co chat hoa
tan (sCOD) theo cdp s6 nhan. Viéc tang
sCOD 1én gan 5 lan & liéu lugng téi uu
da cung cdp ngudén dinh dudng dé tiép
can cho vi khuén ky khi, lam giam budc
gi6i han toc d6 (thuy phan) va c6 thé lam
gia tang hiéu sudt sinh khi biogas ctia giai
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3.3. So sdnh lugng biogas tich liiy giita cdc liéu lugng KOH

Thi nghiém phéan huy ky khi cho thdy, tién xt ly kiém béang
KOH da tac dong tich cuc va ro rét dén tng lugng khi sinh hoc
tich lity so v6i mau do6i chiing khong xt ly. Theo doéi trong 21 ngay,
thé tich khi sinh ra ting nhanh chong trong khoang 2 dén 5 ngay
dau tién va dan 6n dinh sau ngay thit 15, ching td qud trinh thay
phan/axit héa dugc tang té¢ nhd co chat hoa tan dugc giai phong.

Lugng khi sinh ra dugc ghi nhin cho thdy, c6 su gia ting
nhanh choéng trong khoang 2-5 ngay dau tién va dan dan 6n dinh
sau ngay thu 15. Biogas tich lay sinh ra ti tit ca cdc mau bun da
tién xt ly déu cao hon dédng ké so v6i mau dai chiing. Cu thé, sau
21 ngay, liéu lugng KOH 0,15 g KOH/g VS mang lai hiéu suét sinh
khi ting cao nhdt, dat mdc ting 34% so v6i mau doi chiing. Cac
liéu lugng 0,09 g KOH/g VS va 0,03 g KOH/g VS cling cho mtic
tang dang ké, lan lugt 1a 27% va 18%.
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Hinh 1. Biéu do vé su thay doi the Fieh %?‘%wgas thu dugc trong 21
ngay ctia 4 mau thi nghiém
Ban luén: Su gia ting sCOD (tti 1021 mg/l ctia mau déi chiing
lén t6i 3956 mg/l & liéu 0,15 gKOH/gVS) da cung cap du lugng
co chét hoa tan dé thuc déy qud trinh san xudt khi, khién liéu cao

doan xu ly ky khi sau dé. nhat trong pham vi thii nghiém trd thanh liéu t6i uu. Tuy nhién,
Bang 2. Tinh chit cta bun thai sau khi tién xu 1y 3h véi KOH tién xi Iy kiém 1}1;_1nh taora n?l’Ic hba tan
sit dung phan hiy ky khi cuc cao cta chit hitu co. Néu néng do
chit hoa tan (nhu sCOD, hodc cac hgp

Néng d6 o chat polymer ngoai bao bi pha v&) dugc
oKOH /g\.fs Dbéi chiing | KOH 0,03 [ KOH 0,09 | KOH 0,15 giai phong qué nhanh, ching c6 thé vuot
qué kha nang chuyén hoéa cua vi khudn

pH 7,10 11,50 12,3 12,5 sinh methane. Diéu nay din dén sy tich

TS (g/1) 20,60 19,10 18,51 18,42 tu VFA, lam giam pH dot ngot trong hé ky

VS (g/) 12.15 1231 11.97 1165 kl‘li v:ét géy tc ché qua trin¥1 sinfl methan,e,
tCOD (mg/l) 9256 8617 8155 9167 di biin da duge trung hoa vé pH true
khi dua vao hé. Trong trudng hop nay,

sCOD (mg/l) 1021 2978 3165 3956 viéc trung hoa va duy tri diéu kién nhiét
TN (mg/l) 225 270 3315 3126 d¢ trung binh (mesophilic) c6 thé da giap

TP (mg/1) 7,6 5,6 6,7 4.7 hé théng vi sinh vat 8n dinh va xt ly hiéu
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Bang 3. So sanh Lugng Biogas tich lity (sau 21 ngay)

Nghiém thic [ Liéulugng (gKOH/gVS) Thé tich khi tich liy (ml) Ti 1é ting cta mau so vSi Ddi chiing
béi chiing 0 162,5 —
T1 0,03 192,2 18%
T2 0,09 205,7 27%
T3 0,15 217,2 34%

qua lugng co chét ting cao ma khong bi tic ché. Can
c6 nghién ctiu sau hon vé ngudng ham lugng kiém
dé tranh nguy co qua tai (qua liéu) khi st dung qua
nhiéu KOH.

4. KET LUAN

Nghién cttu khéng dinh rang, tién xt ly kiém bang
KOH trong 3 gid 1a mot phuong phap tién xt ly hiéu
qua dé tang cudng qua trinh phéan huy ky khi cta bun
hoat tinh thai, két qua la tang ddng ké ctia tiém ning
sinh khi biogas. Liéu lugng KOH t6i uu (0,15 gKOH/
gV§) da giup tang san lugng biogas tich liy 1én 34% so
v6i mau doi chiing. Su ting cudng nay dat dugc nho
kha nang pha vé manh mé cau tric sinh khoi, lam tang
nong do sCOD lén gin 5 lan.

V6i hiéu qua tang cuong khi biogas ro rét va thoi
gian xU ly ngan (3 gio), phuong phap nay co tiém
nang trién khai thyc té€ d€ cai thién tinh kinh té€ va méi
truong cta cac tram xu ly nudce thai nhu nha may xui ly
nudc thai sinh hoat d6 thi Vinh Yén.

DE t6i uu hda hon niia quy trinh nay, huéng nghién
ctu tiép theo can tap trung vao viéc ap dung cac mo
hinh dong hoc (nhu Modified Gompertz) dé dinh
lugng chinh xdc téc do va tiém ndng sinh methane,
dong thai nghién ctiu tién xi ly két hgp nhiét - kiém
dé€ danh gia kha nang giam liéu lugng héa chit trong
khi van duy tri hodc nang cao hiéu sudt pha v& sinh
khéi. Bén canh d6, can c6 nghién ctiu sdu hon vé
ngudng ham lugng kiém dé€ tranh nguy co qua tai (qua
liéu) khi stt dung qua nhiéu KOH.

Léi cam on: Tap thé tdc gid chan thanh cdm on
truong Dai hoc Tai nguyén va Moi trudng Ha Noi tao
diéu kién nghién ctiu, B Nong nghiép va Moi truong da
cdp kinh phi thong qua dé tai ma s6 TNMT.DL.2023.01w
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