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Nghién ciru danh gia anh hwéng cia xir Iy nhiét 50-90°C trong 0,5-24 gio dén dic tinh 1y héa, ciu tric vi mo
va kha niang hoa tan ctia bun hoat tinh thai tir tram xi ly nwé-c thai sinh hoat dé thi. Xt ly nhiét giy bién déi
dang ké vé sinh khdi va kha nang lang: chit ran lo lirng trong nwé-c thai hon hop (MLSS) giam khoang 11%,
chi sé thé tich bun ting tir 112 dén 189 ml/g, phan dnh sw suy yéu ciu tric bong biin va mang polyme ngoai
bao (EPS). Anh kinh hién vi dién tir quét (SEM) cho thiy thay déi tir bong bun dic, két dinh sang ciu tric
phan manh, x6p sau xir ly é& 80°C, chirng té EPS dé bi pha vé do nhiét. Kha niang hoa tan chit hitu co ting ro
rét theo nhiét d¢ va thoi gian. Kha niang hoa tan con han ché & 50-60°C, nhwng ¢ 80-90°C lam nhu ciu oxy
héa hoc dang hoa tan ting 2,5-3,3 Iin (1450-1504 mg/1), ty 1&é nhu ciu oxy héa hoc dang hoa tan/nhu ciu oxy
héa hoc téng sé 1a 4,6-15,7%, chi yéu trong 5-10 gio' @u nho phan hiy EPS dé phan hiay va thanh phan noi
bao. Két qua khang dinh thuy phan nhiét & nhiét do thap (LT-THP) la giai phap tiém ning, tiét kiém chi phi
dé cai thién phan hay ky khi va thu héi ning lwong tir bun thai doé thi.

Tir khéa: nhu ciu oxy héa hoc dang hoa tan, pha vé mang polyme ngoai bao, phin huay ky khi, thuy phin
nhiét & nhiét do thip, xtr Iy so' b bun hoat tinh thai.
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Abstract:

This study evaluated the effects of thermal treatment at 50-90°C for 0.5-24 hours on the physicochemical
properties, microstructure, and solubilisation of waste activated sludge (WAS) from a municipal wastewater
treatment plant. Thermal treatment significantly altered biomass and settleability: mixed liquor suspended
solids (MLSS) decreased by approximately 11%, whereas the sludge volume index (SVI;,) rose from 112 to
189 ml/g, indicating weakening of the sludge floc structure and disruption of the extracellular polymeric
substances (EPS) network. Scanning electron microscopy (SEM) images showed a shift from dense,
cohesive sludge flocs to fragmented, porous structures following treatment at 80°C, confirming the thermal
vulnerability of EPS. Organic matter solubilisation increases markedly with temperature and treatment
time. Solubilisation remained limited at 50-60°C but surged at 80-90°C where soluble chemical oxygen
demand (sCOD) increased by 2.5-3.3 fold (1450-1504 mg/1), with the sCOD/total chemical oxygen demand
(tCOD) ratio rising from 4.6 to 15.7%, mainly within the first 5-10 hours due to the hydrolysis of readily
degradable EPS and intracellular components. These results confirm low-temperature thermal hydrolysis
process (LT-THP) as a promising and cost-effective solution for enhancing anaerobic digestion and energy
recovery from municipal sewage sludge.

Keywords: anaerobic digestion, extracellular polymeric substances network disruption, low-temperature
thermal hydrolysis process, soluble chemical oxygen demand, waste activated sludge pretreatment.
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1. Md dau

Viéc phat sinh bun hoat tinh thai (WAS) la hoat dong
thwong xuyén cta cac quy trinh xr ly nwéc thai bang
bién phap sinh hoc, va viéc quan ly lwgng bun thai khong
16 nay dat ra nhitng thach thirc 16m vé kinh té€, vin hanh
va mdi trweong cho cac nha may xtr ly nwéc thai (Waste
Water Treatment Plant - WWTP).

Theo nhiéu nghién ciu, viéc xtr Iy bun thai - bao gbm
lam dic, 8n dinh, tich nwéc, van chuyén va xt Iy cubi
cung - chiém khoang 50-60% tong chi phi vin hanh cta
cac nha may xt ly nwée thai [1, 2]. Ngoai ap lwc tai chinh,
viéc quan ly bun thai khéng tét c6 thé gy 6 nhiém moi
truwedng, 1am thodi hda dat, 6 nhiém nwéc, anh hudng xau
dén strc khde con ngudi va thit thoat tai nguyén [3, 4].

WAS ¢6 ciu tric khong déong nhit va phirc tap, bao
gbm céc té bao vi sinh vat, cac dai phan tr hiru co, thanh
phan rin v6 co va mot mang lwdi polyme sinh hoc day
dac dwoc goi 1a cac polyme ngoai bao (EPS). Ciu tric
EPS, bao gom protein, polysaccharides, axit nucleic va
lipid, lién két chat ché véi nwdec, tao thanh mot hang rao
bdo vé, chi phéi tinh 6n dinh ctda béng bun, c6 kha niang
tach nwée va chdng lai sw phan hiy cuia vi sinh vat [5, 6].
C4u tric vi mé chat ché nay han ché dang ké qua trinh
thdy phan, bwéc diu tién va cling la buéc quyét dinh toc
do ctia qua trinh phan huy ky khi (Anaerobic Digestion -
AD), dan dén thoi gian lwu gitr 1y, phan hdy thanh phan
hitu co khong t6i wu va gidm san lwong khi CH, [7].

Phan hay ky khi vin 1a phwong phap thudng duoc
dung dé 6n dinh bun do nhirng loi ich vé moi treong va
kha niang chuyén d6i thanh phan ran hitu co thanh khi
sinh hoc, chti yéu la khi CH,, c6 thé dwoc khai thac lam
nguon nang lwong tai tao [1, 8]. Tuy nhién, hiéu suit ctia
AD bi han ché dang ké b&i qua trinh thiy phan chdm cia
cacbong bun kho6 phan hiy. D€ gidi quyét tinh trang nay,
mot loat cic cOng nghé tién xr ly d3 dwoc phat trién,
nhdm muc dich ddy nhanh qué trinh thiy phan, ting
kha nang hda tan bun, cai thién kha nang phan hiy sinh
hoc va gidm tdng thé tich bun [7, 9]. C4c qua trinh tién
Xt 1y nay bao gom cac phwong phap co hoc nhw siéu &m
va dong nhat héa ap suit cao, cac phwong phap hba hoc
nhu x Iy kiém va qua trinh oxy héa, xtt Iy sinh hoc st
dung cac enzyme hodc vi sinh vat nudi cdy dic hiéu, va
xt ly nhiét. Tién x 1y siéu 4m gitup pha v& ciu tric té
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bao va tang oxy hoa hoc dang hoa tan (sCOD) hiéu qu3,
dwoec coi la phwong phap tiét kiém dién ning nhat. Tuy
nhién, phwong phap hoa hoc (kiém, oxy héa) du hoa tan
manh chit hitu co nhung lai t6n chi phi hoa chat, dé gay
trc ché vi sinh va c6 nguy co giai phdng kim loai ndng.
Xt 1y sinh hoc it tiéu ton nang lwong nhwng van hanh rat
phirc tap va hiéu qua thwong thip hon nhiét. Trong s6
cac cong nghé tién xir 1y, thiy phan nhiét (THP) da nhin
dwoc sw chu y dang ké va dwoc 4p dung thwong mai nhe
kha nang pha v& hiéu qua cac té bao vi khudn, hoa tan
chit hitu co, bit hoat mam bénh va cai thién kha ning
tach nuwéce cua bun [10]. THP nhiét d6 cao (HT-THP),
thuwong dwoc van hanh & nhiét d6 160-180°C trong diéu
kién ap suit cao, dd dwgc chirng minh la lam ting dang
ké san xudt CH, va gidm chdt ran dé bay hoi bang cach
pha v& thanh té bao va lam bién tinh ciu tric protein
[10, 11]. Tuy nhién, HT-THP di kem v&i mirc tiéu thu
nang lwong cao va c6 thé tao ra cic sdn phdm phu nhw
melanoidin thong qua phan t&ng Maillard, dac biétla &
nhiét do trén 140°C, diéu nay cé thé anh hwdng xau dén
hiéu suit AD [7]. Trong khi d6, cong nghé nhiét thip
chiém wu thé nh& kha niang nang cao hiéu suit sinh khi
on dinh, diét khuén triét dé€ va vin hanh don giadn. Khac
véi nhiét dé cao (>140°C), nhiét do thip tranh dwoc
phan &ng Maillard tao chit ¢ ché, déng thoi tin dung
hiéu qua ngudn nhiét duw sin c6 tai cdc nha may, gitp tdi
wu hoéa chi phi ddu tw va vin hanh [9]. Do d4, LT-THP
dang ngay cang dwoc wa chudng, thwong dwoc ap dung
& nhiét d6 dwdi 100°C. LT-THP cung cdp mot giai phap
thay thé tiét kiém nang lwong hon va van hanh don gian
hon, ddng thoi van dat dwgc nhitng cai thién dang ké
vé kha ning hoa tan chit hitu co va phan hiy mot phan
boéng cdn [12-15]. Mot s6 nghién ctru da chitng minh
rang nhiét do 1a yéu t6 chinh anh hwéng dén kha niang
hoa tan, v&i khoang 80°C thwong dwoc xac dinh la ché
dd nhiét t6i wu dé gidi phong cac hop chat hitu co hoa
tan va tang cwong qua trinh axit héa. Piéu quan trong
la LT-THP tranh dwgc nhiéu phan rng phan hdy nhiét
thwong gap & nhiét dd cao, gidm nguy co hinh thanh cac
san phadm phu khé phan hay hodc &c ché [13, 16].

Cac phwong phap tiép cin két hop LT-THP véi cac tac
nhan héa hoc, dic biét 1a cac chat kiém, da cho thiy hiéu
qua hoa tan dworc cai thién, véi cac nghién ctru veé su gia
tang dang ké sCOD va cdi thién tiém nang sinh khi CH,
[14, 17]. Tuy nhién, cic phwong phap nay doi hoi phai

61



dinh lwong héa chat va co thé tao
ra thém chit ran hoa tan, khién cac
phwong phap LT-THP thuén tdy tré
nén wu thé ddi véi cac co s& mudn
stt dung it hda chat dau vao.

Mac du loi ich cta LT-THP da
duwgc chitrng minh, van con nhiéu
khoang tréng vé méi quan hé giira
diéu kién nhiét d6 thip v&i cac dac
tinh ly héa va hinh thai cia bun.
Cac nghién ctru hién tai chwa lam
sang to day du cac bién d6i ciu truc
ciia bong bun, cac con duwong pha
vd EPS, hodc mdéi quan hé gitra sw
phan hiy boéng bun do nhiét va sy
cai thién vé tudi bun, kha nang hoa
tan va hiéu suit AD [6, 18]. Cac bai
danh gia gin diy nhin manh rang, mic du cac phwong
phép tién xtr ly tién tién da dwoc nghién ctru rong rii,
nhwng rat it nghién ctru tich hop cic phan tich da quy
md dé so sdnh sw gidi phéng chat hitu co véi cac thay
d6i ciu tric vi mo trong WAS dwéi tac dong ciia nhiét do
thap [9, 13]. Viéc hiéu ro cic co ché nay 1a diéu can thiét
dé t6i wu hoa cac théng s6 LT-THP va tao diéu kién cho
viéc &rng dung hiéu qua nang lwong, quy mo 1én trong
cac nha may xt ly nwée thai do thi.

Nghién ctru ndy nham muc dich xem xét tac dong cta
tién xt 1y nhiét & nhiét d6 thap déi voi WAS do thi. Cu
thé, nghién ctru nay tip trung vao: (1) sw ting cwong kha
ndng hoa tan chit hitu co va gidm chat ran dé bay hoi
dwéi tic déong cua LT-THP, (2) nhirng thay ddi vé tudi
bun, ciu tric vi mé cta bong bun va dic diém hinh thai
do nhiét giy ra. Bang cach thiét 1ap mdi lién hé co hoc
gilta qua trinh pha v& bong bun va kha nang hoa tan,
nghién ctru nay cung cip nhirng cin c cin thiét cho viéc
toi wu héa va md rong quy moé LT-THP trong cac co s&
Xt ly nwére thai.

2. Viat liéu va phuong phap nghién ciiu
2.1. Nguén bun thdi

Bun hoat tinh thadi st dung trong nghién ciru nay
duwoc thu thap tir bé 1dng thi cAp cia nha may xtt Iy nwéc
thai do thi Kim Lién, Ha Noi, Viét Nam (hinh 1). Co s&
nay c6 cong suit 3700 m*/ngay dém, van hanh quy trinh
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Hinh 1. Mét s6 hinh anh lay mau tai Nha may xt Iy nwéc thai Kim Lién, Ha Néi. Ngudn: Nhém
tac gia.

bun hoat tinh thong thwong, bao gom xt 1y so cdp, suc
khi sinh hoc va cac cum lang thit cAp. Nha may phuc vu
cho mét khu viee dan cw @6 thi va xtr Iy cht yéu nwée thai
sinh hoat bang hé théng bun hoat tinh hiéu khi théng
thwong.

Bun WAS thu thip dwoc thé hién cac dic diém dién
hinh ctia bun th& cip tir WWTP d6 thi, bao gobm dd 4m
cao (khoang 98-99%) va ty 1& chit ran dé bay hoi & mic
trung binh. D€ ting ndng do tong chit ran (TS) va giam
thiéu tac dong pha loang trong cac phan tich tiép theo,
bun dwoc dé 1ang tw nhién 0,5-1 gid, sau d6 gan bd bot
nwéc, sao cho ham lwong MLSS trong khoang 18.000-
19.000 mg/1. T4t ca cac phan tich dwoc thwe hién ngay
sau khi 14y mau. Khi khong thé phan tich ngay, cAc mau
bun dwoc bdo quan & nhiét do 4+1°C trong cac thung
kin bing nhua polyethylene mat dd cao trong t8i da 72
gior d€ rc ché hoat ddng cuia vi sinh vat va ngin ngira cac
bién doi sinh h6a khdng mong mudn (theo APHA 2017)
va di dwoc chirng minh 1a khong &nh hwdng dang ké dén
cac thong s6 1y héa hoc chinh ctia WAS nhu TS, chit rdn
dé bay hoi (VS), pH va thanh phan hitu co khi thoi gian
lwu trir khong qua mét tuan).

2.2. Thuy phdn nhiét & nhiét dé thdp déi véi bun
hoat tinh thdi

Thuy phan nhiét & nhiét do thidp dwoc tién hanh
trong diéu kién phong thi nghiém dwoc ki€m soat bang
mot loat cic thi nghiém theo mé (hinh 2).
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Hinh 2. Mét s6 hinh anh xtr ly mau tai phong thi nghiém. Ngudn: Nhém tac gia.

Tat ca cac thir nghiém dwoc thwce hién trong binh
dong thuy tinh chtra 250 ml bun hoat tinh thai da dwoc
dé 1ang dé co dic. Xt ly nhiét dwoc ap dung & dai nhiét
do6 50; 60; 70; 80 va 90°C, dé nghién ctru anh hwdng ciua
nhiét dd dén qua trinh phan hiy bun va hoa tan thanh
phén hitu co. Thi nghiém st dung thiét bi gia nhiét GFL
(Model 1023, Dtrc). Nhiét dd dwoc ki€m soat bang cach
st dung bé diéu nhiét v&i do chinh xac +0,5°C. Déi véi
moi diéu kién nhiét do, cac binh dwoc bit kin bang gidy
bac dé giam thiéu sy bay hoi va dwoc tron nhe nhang
trén may khudy & téc do 40-50 vong/phut, dam bao
phan phdi nhiét dong déu trong mAiu, ngin ngira hién
twong sui bot cé thé 1am thay ddi ciu tric béng bun.
Thoi gian tién x Iy dwoc lwa chon dwa trén cac nghién
ctru dong hoc nhiét thong thwong vabao gom 0,5; 1; 3; 5;
10 va 24 gior. Cac thi nghiém déu dwoc thwe hién toi thiéu
3 lan dé giam sy sai khac thyc nghiém, 14y gia tri trung
binh va do 1éch chuin SD.

2.3. Phwong phdp phan tich

Cac dic tinh 1y hda déu dwoc thwe hién ba lan theo
phuwong phép tiéu chuidn (APHA, AWWA, WEF, 2017).
Cac thong s6 phan tich gom pH, TS, VS, MLSS, SV, , tCOD,
sCOD, tong nito (TN), tong phét pho (TP) va mot sé kim
loai nang (Cd, Zn, Pb, Cu, Mn).

Do pH dwoc do ngay sau khi 1dy mau bang may do pH
déban da hiéu chudn (Hanna HI-2211). TSva VS dwocxac
dinh bang phwong phéap trong lwgng 2540B va 2540E,
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MLSS dwgc dinh lwgng theo phwong
phap 2540D. SVI, | dugc tinh toan tw
thé tich bun lang trong xi lanh chia
do 11sau 30 pht lang tinh (Phwong
phap 2710D). Gia tri tCOD dwoc phan
tich bang phwong phap chudn do
hoi lwu kin (Phwong phap 52200C).
Pé xac dinh sCOD, cac mau dwoc loc
qua mang loc 0,45 pum; dich loc thu
dwoc sau d6 dwoc phan tich sCOD.
TN va TP dwoc xac dinh khi phan
huy persulfate, sau d6 phat hién bang
phwong phap quang phd (Phwong
phap 4500-N C va 4500-P B.5). Nito
amoniac dwoc xac dinh bang phwong
phap salicylat-hypoclorit (Phwong
phap 4500-NH3 F). Nong do kim loai
ning dwoc dinh lwong bang phwong phap quang phd
phat xa plasma cdm &ng (ICP-OES, PerkinElmer Optima
8300) sau khi phan hiy bang axit HNO;/HCl (Phwong
phdp EPA 3015A). Cic quy trinh ddm bao va kiém soat
chit lwong bao gobm mau trang, mau 13p va mau doi
chirng dwoc chirng nhin trong cic 1an phan tich. T4t ca
két qua dwoc biéu thi dwdi dang gia tri trung binh, véi
dd6 1éch chuin twong déi ludon dudi 5% ddi vai sCOD, TS,
VS va kim loai nang, va dwéi 2% doi véi pH va SVI, . Cau
tric vi md bé mit cta bun truwdc va sau khi xtr Iy nhiét
dwoc chup bang SEM.
2.4. Thiét bi thi nghiém va xw ly sé'liéu

C4c thiét bi thi nghiém dwoc dung trong nghién ctru
la: Thiét bi gia nhiét GFL (Model 1023, CHLB Dtrc), may
chup SEM (thiét bi dién t&r quét SEM model JSM 6500,
hang Jeol, Nhat Ban), 16 nung Nabertherm - Dirc.

S& liéu thé hién gia tri trung binh cia n mau 13p, kém
theo do 1éch chuén (Standard Deviation - SD) dworc tinh
theo cong thirc:

o[BG =R

n—1
trong dé: x; 1a gia tri do & 1an 1ap thi i; X 1a gia tri trung
binh; n 1a s& I4n I3p cha thi nghiém (trong nghién ctru
nay n=3).



S6 liéu dwgce xtr 1y va vé biéu d6 véi cac phin mém
Microsoft Excel 2019 va SigmaPlot 13.0.

3. Két gua va ban luan
3.1. Pdc diém cia bun hoat tinh

Cac théng s6 dwoc trinh bay trong bang 1 cho théy,
WAS thu dwoc tir nha may x 1y nwéc thai do thi Kim
Lién. Do pH 6,9 nam trong khoang trung tinh thwong
thdy & cac hé thong x& ly hiéu khi dwgc van hanh 6n
dinh, phu hop vé&i cac gia tri dwoc bao cdo cho WAS
[1, 5]. Ham lwgng 4m cao (97,45%) phan anh kha nang
gitr nwdc clia cac bong bun, cht yéu la do EPS cao, lién
két véi nwde thdong qua twong tac vat ly va hoa hoc. Pac
tinh ndy dwoc cdng nhan rong rai 1a mét yéu té chinh
g6p phan lam gidm kha nang tach nwéc va téc do thay
phan chdm ctia WAS [6, 7, 18].

Bang 1. Dac tinh bun thai ttr tram xtr ly nwéc thai do thi dung trong
nghién ctru (gia tri thé hién xtSD v&i n=3).

Chi tiéu Ponvi Giatri

pH 6,9+0,14
Nuéc % 97,45+1,17
Téng chat ran (TS) g/l 21,5+0,97
Chat ran lo Itrng trong dung dich (MLSS)  g/1 18,42+0,66
Ch4t ran dé bay hoi (VS) g/l 16,54+0,69
Nhu cau oxy hod hoc dang hoa tan mg/1 450+21,15
Nhu cu oxy ho4 hoc dang tdng s6 mg/1 9556+487,36
Téng phét pho (TP) %TS 1,82+0,06
Téng nito (TN) %TS 2,76£0,13
cd mg/1 0,02

7Zn mg/1 1,45+0,1
Pb mg/1 0,04

Cu mg/1

Mn mg/1 0,42+0,03

-: Khéng phat hién.

Gid tri TS va VS cho thdy ham lwong hitu co cao
(VS/TS1a 77%), phu hop véi bao cao trwde day cho thiy
bun hoat tinh thwdng chira 60-80% chit hitu co dé phan
hty sinh hoc [1, 7]. Ham lwong VS cao thwong cé loi cho
qua trinh AD vé mat tiém ndng sinh khi CH,, tuy nhién,
téc dd phan hiy sinh hoc van bi han ché néu khéng dworc
xrly so' bd d€ pha vér sw bdo vé vatly cia EPS va thanh té
bao vi khuin [7]. Nong d6 MLSS 18,42 g/1 va gia tri SVI3,
112 ml/g cho thdy sinh khdi dic v&i kha nang lang tot.
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Chi s6 SVI, dwéi 150 ml/g dwoc coi la dau hiéu cta cac
bdéng bun hoat tinh ¢ ciu truc chat ché va 6n dinh, khong
¢6 xu hwéng von cuc. Tuy nhién, cic bong bun hoat tinh
nhuw vy - dwoc duy tri béi EPS két dinh va sw két tu cta
vi sinh vat - ¢6 thé can tré kha ndng tiép cin cua enzyme,
do d6 lam cham qua trinh thay phan trong AD [6, 7]. Gia
tri tCOD 1a 9556 mg/1 két hop vai gia tri sCOD twong
dai thip 1a 450 mg/1 cho thiy phan 1én thanh phan hitu
co ton tai & dang hat hoac dang lién két véi EPS, chi ¢6
khoang 4,7% & dang hoa tan. Diéu nay phtu hgp véi cac
phéat hién trwéc diy cho thiy sCOD thwong chiém dwédi
5-10% tCOD trong WAS chwa qua xtr Iy [1, 15]. Ty 1é nhu
ciu oxy hoa hoc dang hoa tan/nhu ciu oxy hoa hoc tong
s6 (sCOD/tCOD) thap cho thiy chit nén bi han ché thuy
phan, cin phai x ly so bd - ching han nhw xt ly nhiét
& nhiét do thap - dé pha v& EPS va ting cwdong kha nang
hoa tan truéc khi xt Iy bé mat [7].

Ham lwgng dinh dwdng bao gom TP c¢é gia tri 1a
1,82% TS va TN 1a 2,76% TS nam trong pham vi dién
hinh dwoc bao cdo cho WAS [5]. Cac kim loai nang Cd,
Pb, Zn va Mn dwoc phat hién & mc thap, trong khi Cu
khong dwoc phat hién, cho thiy bun chi yéu cé nguén
gbc tir nguodn nwée thai sinh hoat chir khong phai nwéc
thai cong nghiép [3, 4]. Nhin chung, cic dic diém ban
dau cho thdy bun giau chit hitu co, c6 ciu triuc bong bun
chit ché va chi chira mot ty 1é nho chat hiru co hoa tan.
Nhitng dic diém nay khién bun tré thanh chat nén ly
twdng dé nghién ctru cac cong nghé tién xtr ly. Dic biét,
khoang cach lén giita tCOD va sCOD la co s& vitng chac
cho viéc 4p dung tién x(r Iy nhiét & nhiét d6 thap, diéu
nay da dwoc chirng minh la pha v& EPS, tang cuwdng giai
phong COD hoa tan va cdi thién kha nang phan hiy sinh
hoc sau dé caa WAS [1, 13].

3.2. Anh hwéng ciia LT-THP Ién sinh khéi va khd
ndng ldng ciia biin

Sw bién thién cta chit ran lo Ieng trong dung dich
hén hop (MLSS) va chi s6 thé tich bun 30 phut (SVIse)
trong qué trinh tién x& ly nhiét & nhiét d6 thip dwoc
trinh bay trong hinh 3. Mé&i twong quan nghich gitra hai
théng s6 nay dwoc quan sat thiy khi thoi gian tiép xdc
nhiét lién tuc tang 1én. MLSS giam tir gia tri ban dau la
18,2 g/l sau 0,5 gior xuéng con 18,1; 17,5; 17,3; 16,2 va
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16,1 g/1sau 1; 3; 5; 10 va 24 gio. Piéu ndy twong ang véi
mirc gidm tong thé khoang 11% sau 24 gio xt ly.
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Hinh 3. Sy thay déi cta sinh khéi va kha nang ldng ctia WAS (gia
tri thé hién x£SD v&i n=3). Ngudn: Nhém tac gia.

Sw suy gidm gia tri MLSS cho thiy su hoa tan mot
phén cda thanh phan hitu co dang hat, kém theo sy pha
v ciu tric bong cin do nhiét, theo d6 cac chat ran lién
két véi EPS va cac thanh phan noi bao dwoc chuyén vao
pha hoa tan thdng qua qua trinh bién tinh do nhiét, lam
yéu két cdu bong cdn [7, 10].

Nguwoc lai, SVI3 tang ro rét, tir 112 ml/g sau 0,5 gior
1én 125, 136, 157, 184 va 189 ml/g sau lan lwot 1; 3; 5;
10 va 24 gio. Cac gia tri veot qua 150 ml/g sau 5 gio
phan anh sy chuyén déi tir bun lang tot sang trang thai
bong cin 1on, suy yéu dan. Sy suy gidm kha ndng lang nay
c6 thé 1a do mit do dac va do két dinh ctia cac béng bun,
do suw pha v& mang lwéi EPS va s suy yéu cac lién két
cation hoa tri I (Ca®*, Mg®*) &nh hwdng t&i tinh toan ven
ctia bong bun [6, 18]. Khi EPS trai qua qua trinh trwong
n¢ do nhiét va dwoc hoa tan mét phin, cic nhém chirc
nhw nhém carboxyl, phosphate va amino bi ion hoéa, tao
ra luc ddy tinh dién gitra cAc manh bong bun va thic day
sw phan tan cta ching thanh cac hat nho hon, nhe hon
va it dac hon. SVI, tang manh phu hop voi cac quan sat
trong cac nghién ctru tién xir 1y nhiét trwdc day, trong do6
nhiét do 60-90°C lam gidm méat d6 cia bong bun, thic
ddy qua trinh trwong n& va phan manh, dan dén giam
van tdc lang trong lwc [12, 13]. Sw khac biét gitra MLSS
giam va SVI, ting cting cd két luén rang két cdu bun trai
qua s thay ddi vi ciu tric dang ké, chu yéu do sw phan
hty EPS va sw v mot phiAn thanh té bao.
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Hon nita, viéc gia nhiét kéo dai (210 gid) dwdng nhw
lam dich chuyén két ciu béng bun chit ché sang trang
thai phan tan va keo hon, thé hién qua sw 6n dinh cua
MLSS quanh mirc 16 g/l va sy gia tang lién tuc caa SVI, .
Két qua twong tw da dwoc bdo cdo trong cic nghién ciru
mo ta bun phan huy nhiét, trong dé viéc gidi phéng cac
polyme sinh hoc c¢6 trong lwgng phan tr cao va cac dai
phan tir ndi bao dan dén tang do nhét clia chat 16ng, can
tré qua trinh 1ang va gidm kha niang keo tu [14, 19]. Mic
du do nhét khong dwoc danh gia trong nghién ctru nay,
nhung ddc diém SVI,| quan sat dwoc cho thdy ro rang
nhitng thay d6i nhw vay.

Nhin chung, tic dong két hop cla viéc gidm MLSS
va tang SVL, lién quan dén qua trinh tién x{ 1y nhiét:
sw phan hdy va hoa tan hat tang 1én. Xu hwéng nay
cling dwgc phan anh cac bao cido nghién ciru tién xtr ly
nhiét va nhiét - kiém khac, trong d6 SVI, tang lén trong
khoang 150-250 ml/g trong qua trinh gia nhiét kéo dai
hodc diéu kién pH cao. Do d6, dé trién khai tién xt ly
nhiét trén quy mé 1é6n cé thé yéu ciu ting cuwong tach
16ng - ran (vi du: b6 sung polyme, ly tAm hodc xr ly nhiét
-ho6ahoc két hop) dé gidm thiéu tac dong batloi dén kha
ning lng trong khi van duy tri loi ich cta viéc cai thién
kha nang hoa tan [15, 19].

3.3. Sw thay ddi cdu triic ctia bun hoat tinh khi xir
ly bang nhiét

Sw thay d6i ciu tric vi mé cda bun hoat tinh thai
trong qué trinh tién x& ly nhiét & nhiét do thip da dwoc
ki€ém tra bang kinh hién vi dién t& quét (SEM), nhw thé
hién trong hinh 4. Sw khac biét ré rang vé hinh thai da
dwoc quan sat thiy gitra bun chwa x Iy (hinh 4A) va
mau dugc xtr Iy nhiét & 80°C (hinh 4B), chirng minh rang
viéc gia nhiét nhe giy ra nhirng thay d6i vat ly dang ké
trong bong bun.

O dieu kién chwa x{ 1y, bé mit bun c6 vé dic va két
tu cao, dac trueng bdi cac bong bun lién két chat ché giau
EPS. P6 dac nay la dic trung ctia bun hoat tinh, noi cac
chat chu yéu bao gom protein, polysaccharides va lipid
déng vai tro 1a khung lién két gitt cac té bao vi sinh vatva
cac hat vo co lai véi nhau [6, 18]. Hinh thai min, két dinh
quan sat dwgc trong hinh 4A phan anh sy két dinh gitra
cac té bao manh mé va mang lwéi EPS ciu ndi cation, vén
dwoc biét 13 han ché kha nang phan huy sinh hoc va can
tré qua trinh thiy phan trong qua trinh tiéu héa ky khi
[7]. Sau khi x& ly nhiét & 80°C, ciu truc ctia khoi bong
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Hinh 4. Hinh anh kinh hién vi dién tir quét bé& mat cta bun thai trwéc (A) va sau khi xiv ly bing

nhiét & 80°C (B). Ngudn: Nhém tac gia.

trai qua qua trinh néi 16ng va phin manh dang ké (hinh
4B). Bé mat tré nén khong déu hon, véi cac vét nit nho
c6 thé nhin thdy, cic 16 rong mé rong va cac 1¢p EPS bi
pha v&. Nhirng thay ddi hinh thai nay cho thiy sw khai
d4u ctia qua trinh bién tinh nhiét cta EPS, 1am suy yéu
lién két hydro va pha vé mot phan ciu truc polyme, tit
c4 1am gidm tinh toan ven cda khéi béng. Sy phan huy
ciu tric twong tw dwdi tic dong ciia nhiét do vira phai
(60-90°C) da dwoc ghi nhan trong cac nghién ctru trwéc
day, trong d6 ti€p xdc véi nhiét thic ddy sw mé ra cla
cac polyme sinh hoc, tach 1é6p EPS bén ngoai va tang giai
phéng cac thanh phian néi bao [12, 18].

Sw hinh thanh cac16 rong va khe nitt cho thdy mang té
bao va xwong séng EPS bi mit 6n dinh dwéi tic dong ctia
rng suit nhiét. Piéu nay lam tang tinh thadm, cho phép
chat htru co hoa tan thim thiu tir bén trong cadc bong can
vao khdi chat 16ng - mot co ché quan trong dan dén sw
gia ting sCOD dwoc quan sat thiy trong qua trinh tién xir
1y nhiét. Ki€éu phan hiy nay phi hop véi mé hinh trong
d6 nhiét d6 vira phai pha vé cac lién két yéu (ciu ndi ion,
twong tac van der Waals, tiép xic ky nwéc) trong két cau
EPS [19], do d6 thic ddy sw trweong né va phan manh cta
béng can. Mot quan sat dang chu y khac 1a sw xuat hién
clia cdc hat nho hon giéng nhw manh vun ndm rai rac
trén bé mat bun da qua xtr Iy nhiét. Nhirng hat min nay
phan 4nh sw bong tach va phan hiy cac tap hop vi khuin,
gép phén lam gidm MLSS va tang SVL, . Nhitng chuyén
d6i nhw vy phi hop véi cac bao cdo trwede day cho thay
qué trinh thiy phan nhiét 1am chuyén dich bun tir cdu
tric dic sang ciu tric vi mo6 phan tan hon [13]. Quan sat
hinh &nh hién vi ca bun c6 thé di dén két luin rang qua
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trinh tién xr ly nhiét & nhiét
d6 thap tao ra sw chuyén doi
tlr buin ddc va dan héi sang cau
tric x0p, phdn manh va yéu
hon. Sy thay d6i ciu tric nay
dong vai tro quan trong trong
viéc tao diéu kién thuin loi
cho qué trinh hoa tan chit hiru
co, tang kha nang tiép cin bun
v&i cac enzyme thdy phan va
cai thién tiém nang phan huy
sinh hoc & cac cong doan xt ly
sau nay.

3.4. Sw hoa tan thanh

phan hiru co’ trong qud trinh
xw Iy nhiét

FO

K&t qua hinh 5 va 6 cho thiy
rd sw gia ting dang ké thanh phan sCOD va ty 1é sCOD/
tCOD twong trng theo ca nhiét do va thoi gian xi 1y so bo,
khang dinh kha ndng hoa tan ro rét cia qua trinh xt ly
so bo bing nhiét & nhiét do thap trén WAS. O diéu kién
nhiét do thap nhit (50°C), sCOD chi thé hién sw thay ddi
han ché, tang tir 442 mg/1 sau 0,5 gio 1én 624 mg/1 sau
10 gid, véi ty 1é sCOD/tCOD duy tri dwéi 7% trong sudt
thoi gian xit 1. Diéu nay cho thdy chi mo6t phan nho chat
hitu co dang hat dwoc gidi phong, va hau hét chit hitu co
van dwoc bao boc trong ma tran bong buin nén chit hoic
cac khoang noi bao, han ché kha ndng ti€p can ctia ching
véi cac qua trinh thiy phén, twong ty nhw cac quan sat
trong cac hé thong bun chwa dwoc xt Iy hoic chiu tng
sudt tdi thiéu [12]. O 60°C, kha ning hoa tan chit hitu co
c6 xu hwdng dworc cai thién so véi 50°C, nhwng mirc tang
sCOD van chwa ro rét, cho thdy nhiét do nay mai bat dau
thic diy qua trinh pha v& béng bun va giai phéng chat
httu co hoa tan.
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Hinh 5. Sw thay déi cta thanh phan hiru co’ hoa tan trong qua trinh
xtr Iy nhiét (gia tri thé hién x£SD vé&i n=3). Ngudn: Nhém tac gia.

Nguoc lai, xtr 1y so bd & nhiét dd >70°C din dén su gia
tang nhanh chéng va ré rét ctia thanh phan hitu co hoa
tan. (* 70°C, sCOD ting lén 987 mg/l sau 24 giv, twong
rng véi ty 16 sCOD /tCOD 1a 11,7%. Diéu kién nhiét do 80
va 90°C gay ra phan rng hoa tan manh nhit: sCOD ting
manh trong vong 3-5 gio dau, dat 1258 mg/1 (& 80°C) va
1335 mg/1 (& 90°C) sau 10 gid, va tiép tuc ting 1én 1450
va 1504 mg/l sau 24 gio. Cac gia tri nay thé hién mirc
ting tlr 2,5 dén 3,3 1an so v&i sCOD ban dau va khang
dinh ring (rng suit nhiét tir trung binh dén cao c6 hiéu
qua cao trong viéc hoa tan thanh phén htru co tir pha hat
vao pha nwérc.

Ty 1€ sCOD/tCOD twong &ng tang lén 13,7% (& 80°C)
va 15,7% (& 90°C), gin gip ba l4n mirc d6 hoa tan cua
bun thé. Pong hoc qua trinh hoa tan & nhirng nhiét do
nay cho thay hau hét sw gidi phong chit hiru co xay ra
trong 5-10 gio dau tién, sau d6 hé thdng tién gan dén
trang thai gan bao hoa, cho thiy su suy gidm cac phan dé
phan huy ctia EPS va vat liéu té bao. Viéc hoa tan hai pha
nay pht hop véi cac mo ta vé viéc pha hiy nhanh chong
két cdu cua EPS, sau d6 l1a sw gidi phong nédi bao [13, 17].

20

—H— 50°C —e— 400%c —O— 70%C —¥— §0°%C —H— 90°C

COD/tCOD (%)

ong so, s

10 A 4§

Ty 1€ nhu clu oxy hod hoc dang hoa tan/

nhu cau oxy hoi hoc t
N

0 5 10 15 2 25
Thoi gian (gio)

Hinh 6. Ty I&é hoa tan thanh phan hiru co’ trong qua trinh tién xd

Iy bun thai véi nhiét (gia tri thé hién x£SD véi n=3). Ngudn: Nhom

tac gia.

Co ché coban c6 théla do sy suy yéu nhiét cia ciu tric
EPS, sw bién tinh ctia phitc hop protein-polysaccharide
va st v& mdt phan mang té bao vi khudn. & nhiét do
trén 70°C, két ciu cua EPS dwoc sap x€p lai cdu tric do
pha v& cac mién ky nwéc, pha vor cac lién két hydro va
phan ly c4c ciu cation (Ca®*, Mg**), do d6 giai phong cac
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biopolymer cé trong lwong phan tir cao vao pha hoa tan
[6,19]. Nhiét do cao ciing lam tang téc do khuéch tan ctia
cac vat liéu noéi bao vao khoi chit 16ng sau khi thanh té
bao mit 6n dinh nhiét - mot hién twong da dwoc ghi nhan
rd rang trong cac qua trinh thiy phan nhiét [8]. Khi cac
bong cin bi yéu di do nhiét va bi tach bong, cac hat rin
chuyén thanh cac phan min hon hodc hoa tan vao pha
nuéc, do dé gbp phan truc tiép lam tang gia tri sCOD.
Moi lién hé co hoc nay gitra sw phan hiy cu tric va qua
trinh hoa tan da dwoc chirng minh ré rang trong cac
nghién ctru tién x& ly nhiét [11, 16]. Gia tri sCOD/tCOD
12 15,7%, tuy van thdp hon ngudng 40% thudng thay
trong diéu kién tién xt ly kiém [16], nhung van c6 y
nghia quan trong trong bdi canh tién xt Iy nhiét & nhiét
do thap. biéu quan trong 13, nhiét do 80-90°C dat dworc
kha ndng hoa tan manh nhit véi mic nang lwong dau
vao hop ly, phtt hgp ddi véi cac cdu hinh xtr Iy bun tiét
kiém nang lwgng. Nghién clru nay xac nhin tiém nang
ctia LT-THP la mdt phwong phap hiéu qua dé cai thién
kha nang thiy phan ctia WAS va tang cwong kha nang
phan hiy sinh hoc & giai doan xtr 1y tiép theo.

4. Két luan

K&t qua nghién ctru chi ra rang, LT-THP khoang 80-
90°C 1a mdt phwong phap hiéu qua dé ting cwdong qua
trinh phan hdy va hoa tan WAS. Tiép xdc nhiét trong
khoang nay 1am suy yéu dang ké ciu tric bun, thic day
qué trinh phidn manh béng cin va tao diéu kién giai
phéng cac hat va chit hiru co ndi bao vao pha hoa tan.
Xtr ly nhiét lam tang 2,5-3,3 14n gia tri sCOD, véi gia tri
t6i da dat 1504 mg/l, va tang ty 1é sCOD/tCOD tw 4,6%
trong bun chwa xtt 1y 1én 15,7%. Qua trinh hoa tan dién
ra hau hét trong vong 5-10 gior du tién, cho thiy su suy
gidm nhanh chéng cac thanh phan EPS dé bi phan huy.
Mic du c4c gia tri nay van thap hon so véi gia tri thuong
dat dwoc khi xtr Iy so bd bang kiem manh nhung van thé
hién sy cai thién dang ké ddi véi mot quy trinh chi st
dung nhiét, khong st dung héa chAt.

Hinh dnh SEM xac nhan sw pha v& EPS, hinh thanh
16 réng va bong tréc bong cin, trong khi cac té bao vi
sinh vat phan 16m van giit nguyén hinh thai ctia ching
- cho thay sy phan hiy nhiét chu yéu tac dong dén cac
polyme ngoai bao, it tic dong sw phan hiy hoan toan té
bao. Nhitng thay ddi hinh thai nay twong &ng v&i MLSS
giam 11% va SVI, tang tr 112 1én 189 ml/g, phan 4nh
sy thay d6i dién hinh gitra kha ndng hoa tan va kha nang
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lang trong qua trinh xtt ly nhiét. Nghién ctru cling chi ra
mdi quan hé vé mit co hoc trong qué trinh phan huy EPS
va phan hioly bong cin trong cac diéu kién nhiét d6 thip.
DPay la nghién ciru d4u tién & Viét Nam khao sat cac diéu
kién thwc nghiém tién xtr ly WAS tlr qua trinh sinh hoc
cta tram x& Iy nwée thai sinh hoat do thi tap trung, dwa
ra nhitng két qua vé kha ning hoa tan bun (sCOD), thay
doi dac tinh lang (SVI, ) va quan sat dwoc sy thay déi ctia
bé mat bong bun théng qua dnh SEM, tao co s& Ky thuit
ban d4u cho viéc t6i wu héa qua trinh tién x& ly WAS trén
quy mo lén.

Tép thé tac gid chin thanh cdm on Truwong Dai hoc
Tai nguyén va Mo6i trweong Ha Noi tao diéu kién nghién
ciru; B Nong nghiép va Moéi trweong da cip kinh phi
théng qua dé tai ma s6 TNMT.DL.2023.01.
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