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Tom tit:

Thity phén nhiét ¢ nhiét d§ thap (LT-THP) 1a phwong phap tién xir Iy bun thai
tiét kiém ning lwong va tiém ning @ng dung cao. Nghién ciru danh gia dnh
hwéng ciia xir Iy nhiét 50-90°C trong 0,5-24 gio' dén dic tinh 1y héa, cau tric vi
mo va kha nang hoa tan ciia bun hoat tinh thai (WAS) tir tram xir ly nwée thai
sinh hoat dd thi. Xir Iy nhiét gAy bién doi dang ké vé sinh khoi va kha ning ling:
chit rin lo lig trong nwée thai hdn hop (MLSS) giam khoang 11%, chi s6 thé
tich bun (SVIs) ting tir 112 1én 189 ml/g, phan anh sw suy yéu ciu tric bong
bun va mang polyme ngoai bao (EPS). Anh chup cua kinh hién vi dién tir quét
(SEM) cho thiy thay déi tir bong bun diic, két dinh sang cAu tric phian manh,
x0p sau xir 1y ¢ 80°C, chirng té6 EPS dé bi pha vé do nhiét. Kha ning hoa tan
chit hiru co ting rd rét theo nhiét do va thoi gian. O 50-60°C con han ché,
nhung ¢ 80-90°C 1am nhu ciu oxy ho4 hoc dang hoa tan (SCOD) ting 2,5-3,3
lin (1450-1504 mg/1), ty 1& nhu ciu oxy ho4 hoc dang hoa tan/nhu ciu oxy hoa
hoc tong s6 (SCOD/tCOD) tir 4,6 1én 15,7%, chii yéu trong 5-10 gio dau nho
phén hily EPS dé phan hiy va thanh phin ndi bao. Két qua khing dinh LT-
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THP la gidi phap hiéu qua tiém ning, tiét kiém chi phi dé cai thién phan hiy
ky khi va thu hoi ning lwong tir bun thai do thi.

Tir khoa: hoa tan oxy hoa hoc dang hoa tan, pha vé mang polyme ngoai bao,
phén hay ky khi, thiy phan nhiét ¢ nhiét d thip, Xir Iy so bd bun hoat tinh
thai.
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Abstract:

Low-temperature Thermal Hydrolysis Process (LT-THP) is an energy-saving
sludge pretreatment method with high application potential. This study
evaluates 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 domestic wastewater treatment
plant. Thermal treatment significantly alters biomass and settleability: Mixed
Liguor Suspended Solids (MLSS) decreases by approximately 11%, while
Sludge Volume Index (SVIso) rises from 112 to 189 ml/g, indicating the
weakening of the floc structure and the disruption of the extracellular
polymeric substances (EPS) network. Scanning electron microscopy (SEM)

images show a shift from dense, cohesive flocs to fragmented, porous structures



after 80°C treatment, confirming EPS vulnerability to heat. Organic matter
solubilisation markedly increases with temperature and time. Limited at 50-
60°C, it surges at 80-90°C, boosting Soluble Chemical Oxygen Demand (sCOD)
2.5-3.3 times (1450-1504 mg/l), with sCOD/Total Chemical Oxygen Demand
(tCOD) ratio rising from 4.6 to 15.7%, mainly within the first 5-10 hours due
to hydrolysis of readily degradable EPS and intracellular components. Results
confirm LT-THP as an efficient and cost-effective solution for enhancing
anaerobic digestion and energy recovery from municipal wastewater treatment
systems.

Keywords: anaerobic digestion, extracellular polymeric substances disruption,
Low-temperature Thermal Hydrolysis Process, soluble chemical oxygen
demand solubilisation, waste activated sludge pretreatment.

Classification numbers: 2.7, 2.8, 2.11

1. Mé dau

Viéc phat sinh bun hoat tinh thai (WAS) la hoat dong thuong xuyén cia cac
quy trinh xt 1y nuéc thai bang bién phap sinh hoc, va viéc quan 1y luong bun thai
khong 16 nay dat ra nhitng thach thic 16n vé kinh té, van hanh va méi trudng cho
cac nha may xtr Iy nudc thai (Waste Water Treatment Plant - WWTP).

Theo nhiéu nghién ctu, viéc xir Iy bun thai - bao gom lam dic, 6n dinh, tach
nuéc, van chuyén va xir Iy cudi cting - chiém khoang 50-60% tong chi phi van hanh
cua cac nha may xu ly nudc thai [1, 2]. Ngoai ap luc tai chinh, viéc quan ly bun thai
khong tét co thé gay ra 6 nhiém méi truong, 1am thoai hoa dat, 6 nhiém nudc, anh
hudng xau dén sirc khoe con ngudi va that thoat tai nguyén [3, 4].

WAS c6 cu trac khong ddng nhét va phuc tap bao gdm cac té bao vi sinh vat,
cac dai phan ti hitu co, thanh phan ran vo co va mot mang ludi polyme sinh hoc day
dic duoc goi 1a cac polyme ngoai bao (EPS). Cau tric EPS, bao gom protein,
polysaccharides, axit nucleic va lipid, lién két chat ch& voi nudc va tao thanh mot
hang rao bao vé, chi phéi tinh on dinh cua béng bun, cé kha nang tach nudc va chéng

lai sy phan huy cua vi sinh vat [5, 6]. C4u tric vi mé chat ché nay han ché dang ké
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qué trinh thity phan, budc dau tién va ciing 1a budc quyét dinh toc d6 cua qua trinh
phan huy Ky khi (Anaerobic Digestion - AD), din dén thoi gian luu gitt 1au, phan
haty thanh phan hitu co khong ti vu va giam san lwong khi CH, [7].

Phan hay ky khi van 1a phuong phap thuong dugc ding dé 6n dinh bun do
nhitng loi ich v& méi truong va kha ning chuyén doi thanh phan ran hitu co thanh
khi sinh hoc, cha yéu 1a khi CH,, c6 thé duoc khai thac 1am ngudn nang luong tai
tao [1, 8]. Tuy nhién, hiéu suat caa AD bi han ché dang ké bai qua trinh thay phan
cham cua cac béng bun kho phan huy. Dé giai quyét tinh trang ndy, mot loat cac
cong nghé tién xu 1y da duoc phét trién, nham muc dich day nhanh qua trinh thay
phan, ting kha ning hoa tan bun, cai thién kha nang phan hiy sinh hoc va giam tong
thé tich ban [7, 9]. Cac qua trinh tién xir ly nay bao gdom cac phuong phap co hoc
nhu siéu 4m va déng nhat hda ap suat cao, cac phuong phap hoa hoc nhu xir Iy kiém
va qué trinh oxy héa, xt Iy sinh hoc sir dung céc enzyme hoic vi sinh vat nudi cay
dic hiéu, va xt ly nhiét. Tién xa 1y siéu &m gilp pha v& cau tric té bao va ting
sCOD hiéu qua, duoc coi 1a phuong phap tiét kiém dién niang nhat. Tuy nhién,
phuong phap héa hoc (kiém, oxy hda) di hoa tan manh chét hiru co nhung lai ton
chi phi hoa chat, dé gay tc ché vi sinh va c6 nguy co giai phong kim loai nang. Xir
ly sinh hoc it tiéu tén nang lugng nhung van hanh rat phuc tap va hiéu qua thuong
thap hon nhiét. Trong sé cac cong nghé tién xir ly, thay phan nhiét (THP) da nhan
duoc su chi y dang ké va duoc ap dung thuong mai nhd kha nang pha v& hiéu qua
cac té bao vi khuan, hoa tan chat hitu co, bat hoat mam bénh va cai thién kha ning
tach nudc cua bun [10]. THP nhiét d6 cao (HT-THP), thuong duoc van hanh ¢ nhiét
d6 160-180°C trong diéu kién &p suat cao, da dugc chimg minh 13 1am ting déng ké
san xuat CH,4 va giam chat rian dé& bay hoi bang cach pha v thanh té bao va 1am bién
tinh cau trac protein [10, 11]. Tuy nhién, HT-THP di kém véi mac tiéu thy nang
lugng cao va cd thé tao ra cac san pham phu nhu melanoidin théng qua phan ung
Maillard, dic biét 1a & nhiét d6 trén 140°C, diéu ndy c6 thé anh huong xau dén hiéu

suat AD [7]. Trong khi d6, cong nghé nhiét thap chiém wu thé nho kha ning nang



cao hiéu suat sinh khi on dinh, diét khuan triét & va van hanh don gian. Khac véi
nhiét d6 cao (>140°C), nhiét d thap tranh dugc phan ¢ng Maillard tao chét wc ché,
ddng thoi tan dung hiéu qua ngudn nhiét du sin c6 tai cdc nha may, gip téi wu hoa
chi phi d4u tu va van hanh [9]. Do d6, LT-THP dang ngay cang dugc wa chudng,
thuong dugc &p dung ¢ nhiét do dudi 100°C. LT-THP cung cip mot giai phap thay
thé tiét kiém nang lugng hon va van hanh don gian hon, dong thoi vin dat duoc
nhitng cai thién dang ké vé kha nang hoa tan chat hiru co va phan hay mot phan bong
can [12-15]. Mét sé nghién ciru da ching minh rang nhiét o 1a yéu té chinh anh
huong dén kha nang hoa tan, véi khoang 80°C thuong dugc xac dinh 1a ché do nhiét
t6i uu dé giai phong cac hop chat hitu co hoa tan va tang cuong qua trinh axit hoa.
Diéu quan trong 1a LT-THP tranh dugc nhiéu phan ¢ng phan hay nhiét thuong gap
& nhiét 6 cao, giam nguy co hinh thanh cac san pham phu kho phéan hay hoic tc
ché [13, 16].

Céc phuong phép tiép can két hop LT-THP véi cac tac nhan hda hoc, dac biét
la cac chat kiém, d3 cho thay hiéu qua hoa tan duogc cai thién, voi cac nghién cau vé
su gia ting dang ké sCOD va cai thién tiém ning sinh khi CHy4 [14, 17]. Tuy nhién,
cac phuong phap nay doi hoi phai dinh lugng hoa chat va co thé tao ra thém chét ran
hoa tan, khién cac phuong phap LT-THP thuan tly tré nén uu thé doi véi cac co s
mudn st dung it hoa chat dau vao.

Mc du lgi ich cua LT-THP da dugc chitng minh, van con nhiéu khoang tréng
vé mdi quan hé gitra diéu kién nhiét d6 thap véi cac dic tinh Iy hda va hinh thai cua
bun. Cac nghién ctiu hién tai chua lam sang to day du cac bién doi cau tric caa bong
bun, cac con dudng pha vd EPS, hodc méi quan hé giira su phan hay bong bin do
nhiét va su cai thién vé tudi bun, kha ning hoa tan va hiéu suat AD [6, 18]. C4c bai
danh gia gan day nhan manh rang, mac du cac phuong phép tién xir ly tién tién da
dugc nghién ciru rong réi, nhung rat it nghién ctu tich hop cac phén tich da quy mé
dé so sanh sy giai phong chat hitu co véi cac thay d6i cu tric vi md trong WAS

dudi tac dong cua nhiét d6 thap [9, 13]. Viéc hiéu 1 cac co ché nay 1a diéu can thiét



dé t6i wu hoa cac thong sd LT-THP va tao diéu kién cho viéc ung dung hiéu qua
nang luong, quy mo lon trong cac nha may xir 1y nudc thai do thi.

Nghién cttu ndy nhiam muc dich xem xét tac dong cua tién xu Iy nhiét & nhiét
d6 thap dbi véi WAS db thi. Cu thé, nghién ctu nay tap trung vao (1) su ting cuong
kha ning hoa tan chat hitu co va giam chat ran d& bay hoi duéi tac dong cua LT-
THP, (2) nhitng thay d6i vé tudi ban, cau tric vi md ciia bong bun va dic diém hinh
thai do nhiét gay ra. Bang cach thiét 1ap méi lién hé co hoc gitra qué trinh pha vo
bong bun va kha nang hoa tan, nghién ctru Ny cung cap nhing cin ct can thiét cho
viéc toi vu héa va mé rong quy md LT-THP trong cac co sd xir 1y nudc thai.

2. Vat liéu va phwong phap nghién ciru

2.1. Nguén bun thdi

Bun hoat tinh thai sir dung trong nghién ciu nay duoc thu thap tir bé lang thi
cap ctia nha may Xt Iy nuéc thai do thi Kim Lién, Ha Noi, Viét Nam (hinh 1). Co
s& nay c6 cdng suat 3700 m¥/ngay dém, van hanh quy trinh bun hoat tinh théng
thuong, bao gom xir 1y so cap, suc khi sinh hoc va cac cum lang thir cap. Nha may
phuc vu cho mot khu vuce dan cu d6 thi va xtr Iy cha yéu nudce thai sinh hoat bang

hé thong bun hoat tinh hiéu khi thong thuong.

Hinh 1. Mét s6 hinh anh lay miu tai nha may xir Iy nwéc thai Kim Lién, Ha
N&i. Nguon: Nhom téc gia.

Bun WAS thu thap dugc thé hién cac dic diém dién hinh caa bun tha cap tir
WWTP d6 thi, bao gém do 4m cao (khoang 98-99%) va ty Ié chat ran d& bay hoi &
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murc trung binh. Dé ting ndng d6 tong chat ran (TS) va giam thiéu tac dong pha
lodng trong cac phan tich tiép theo, bun dugc dé lang tw nhién 0,5-1 gid, sau d6 gan
bo b6t nuée, sao cho ham lwgng MLSS trong khoang tir 12.000-15.000 mg/l. T4t ca
cac phén tich dugc thuc hién ngay sau khi ldy mau. Khi khdng thé phan tich ngay,
cac miu bun dugc bao quan & nhiét do 4+1°C trong céc thing kin bang nhya
polyethylene mat do cao trong téi da 72 gior dé Gc ché hoat dong cua vi sinh vat va
ngan ngira cac bién doi sinh hoa khdng mong mudn (theo APHA (2017) va da duoc
chang minh 1a khéng anh huéng dang ké dén céc théng s ly hoa hoc chinh cua
WAS nhu TS, chét ran d& bay hoi (VS), pH va thanh phan hitu co khi thoi gian luu
trir khong qua mot tuan).

2.2. Thizy phan nhigt ¢ nhiét dg thédp déi véi bun hogt tinh thai

Thuay phan nhiét ¢ nhiét do thap duoc tién hanh trong diéu kién phong thi

nghiém duoc kiém soat bang mot loat cac thi nghiém theo mé (hinh 2).

Hinh 2. Mét s6 hinh anh xir Iy mau tai phong thi nghiém. Ngudn: Nhom tac gia.

Tat ca cac tha nghiém duoc thuc hién trong binh dong thuy tinh chira 250 ml
bn hoat tinh thai d duoc dé lang dé c6 dic. Xu ly nhiét duoc ap dung ¢ dai nhiét
d6 50; 60; 70; 80 va 90°C, dé nghién ctru anh huong cua nhiét d6 dén qua trinh phan
hay bin va hoa tan thanh phan hitu co. Thi nghiém st dung thiét bi gia nhiét GFL
(Model 1023, CHLB D). Nhiét do dugc kiém soat bang cach sir dung bé diéu nhiét



Vvéi d6 chinh xac +0,5°C. Dbi voi mdi diéu kién nhiét do, cac binh duogc bit kin bang
gidy bac dé giam thiéu su bay hoi va duoc tron nhe nhang trén may khuay & téc do
40-50 vong/phit, dam bao phan phdi nhiét dong déu trong mau, ngin ngtra hién
tugng sui bot ¢ thé 1am thay doi cau tric béng bun. Thoi gian tién xu 1y dugc lya
chon dua trén cac nghién ctru dong hoc nhiét thong thuong va bao gom 0,5; 1; 3; 5;
10 va 24 gid. Cac thi nghiém déu duoc thuc hién téi thiéu 3 1an dé giam su sai khac
thuc nghiém, Iy gia tri trung binh va d6 léch chuan SD.

2.3. Phwong phap phén tich

Céc dic tinh 1y hoa déu duoc thuc hién ba lan theo phuong phap tiéu chuan
(APHA, AWWA, WEF, 2017). Cac thdng sb phan tich gom pH, TS, VS, MLSS,
SVl3, tCOD, sCOD, tong nito (TN), tong phét pho (TP) va mot sb kim loai nang
(Cu, Zn, Pb, Cd, Cr, Ni).

D6 pH dugc do ngay sau khi 14y mau bang may do pH dé ban da hiéu chuan
(Hanna HI-2211). TS va VS dugc xac dinh bang phuong phép trong luong 25408
va 2540E, MLSS duoc dinh lugng theo phuong phap 2540D. SVIg dugc tinh toan
tir thé tich bun lang trong xi lanh chia 6 1 | sau 30 phit ling tinh (Phuwong phap
2710D). Gia tri tCOD duoc phan tich bang phuong phap chuan d6 hoi luu kin
(Phuong phap 5220C). Bé xac dinh sCOD, cac mau duoc loc qua mang loc 0,45 pm;
dich loc thu dugc sau d6 dugc phan tich sCOD. TN va TP duoc xac dinh khi phan
hity persulfate, sau d6 phat hién bang phuong phap quang phd (Phuong phap 4500-
N C va 4500-P B.5). Nito amoniac duoc xac dinh bang phuong phap salicylat-
hypoclorit (Phwong phap 4500-NH3 F). Nong do kim loai ning duoc dinh luong
bang phuong phap quang phd phét xa plasma cam @ng (ICP-OES, PerkinElmer
Optima 8300) sau khi phan hiy bang axit HNOs/HCI (Phuong phap EPA 3015A).
Céc quy trinh dam bao va kiém soat chat lugng bao gom mau trang, mau lap va mau
d6i chimg duoc chang nhan trong cac lan phan tich. Tét ca két qua duoc biéu thi

dudi dang gié tri trung binh, voi do léch chuan twong dbi luon dudi 5% dbi voi



SCOD, TS, VS va kim loai ning, va dudi 2% d6i véi pH va SVls. Cau tric vi md
bé mit ctia bun trudc va sau khi xir Iy nhiét duoc chup bing SEM.

2.4. Thiét bi thi nghigm va xi Iy sé ligu

Cac thiét b thi nghiém duoc dung trong nghién ciru 1a: Thiét bi gia nhiét GFL
(Model 1023, CHLB D), may chup SEM (thiét bi dién tir quét SEM model JSM
6500, hdng Jeol, Nhat Ban), 10 nung Nabertherm - Buc.

S6 lidu thé hién gié tri trung binh cia n mau lip, kém theo d6 léch chuan
(Standard Deviation - SD) duogc tinh theo cong thuc:

. Jzzl(xl- ~ %)?

n—1

trong d6: x; 1a gia tri do ¢ lan lap tha i; X 1a gid tri trung binh; n 14 s6 1an lap cua thi
nghiém (trong nghién ctru nay n=3).

S6 lidu dugc xu ly va vé biéu dd véi cac phan mém Microsoft Excel 2019 va
SigmaPlot 13.0.
3. Két qua va ban luan

3.1. Dic diém ciia bun hogt tinh

Cac thdng sb dugc trinh bay trong bang 1 cho thay, WAS thu duoc tir nha
may Xt 1y nudc thai d6 thi Kim Lién. D6 pH 6,9 nam trong khoang trung tinh thudng
thay & céac hé thong xir ly hiéu khi dugc van hanh on dinh, phl hop voi cac gia tri
dugc bao cdo cho WAS [1, 5]. Ham lugng am cao (97,45%) phan anh kha ning gii
nudc cua cac bong bun, chi yéu 1a do EPS cao, lién két voi nude thong qua tuong
tac vat Iy va hoa hoc. Pic tinh nay dugc cdng nhan rong réi 1a mot yéu té chinh gop
phan 1am giam kha ning tach nudc va tée do thay phan cham cua WAS [6, 7, 18].
Bang 1. Pac tinh bun thai tir tram xi ly nwéc thai do thi dung trong nghién ciéu
(gia tri thé hién x+SD véi n=3).

Chi tiéu Pon vi Gia tri
pH 6,9+0,14
Nudc % 97,45+1,17
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Tong chat ran o/l 21,5+0,97

Chét ran lo lung trong nuéc

thii hén ho g/l 18,42+0,66
Chi s6 thé tich bun ml/g 112+5,82
Chét ran dé bay hoi g/l 16,54+0,69
Ty 1& nhu cau oxy hoa hoc

dang hod tan mgl/l 9556+487,36
Nhu cau oxy hod hoc tongsé6  mg/I 450+21,15
Tong phét pho %TS 1,82+0,06
Tong nito %TS 2,760,13
Cd mg/I 0,02

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

Cu mg/I -

Mn mg/I 0,42+0,03

Ghi cha: - Khong xac dinh

Gia tri TS va VS cho thay, ham lwong hiru co cao (VS/TS 1a 77%), phu hop
Véi bao cdo trude day cho thay bun hoat tinh thuong chia 60-80% chat hiru co dé
phan hay sinh hoc [1, 7]. Ham luong VS cao thuong c6 lgi cho qué trinh AD vé mat
tiém nang sinh khi CHy, tuy nhién, tdc d6 phan hay sinh hoc van bi han ché néu
khong duoc xir 1y so bo dé pha v su bao vé vat ly caa EPS va thanh té bao vi khuan
[7]. Nong d6 MLSS 18,42 g/l va gia tri SVIs 112 ml/g cho thay sinh khéi dac véi
kha nang lang tét. Chi s SVIsodudi 150 ml/g duoc coi la dau hiéu caa cac bong bun
hoat tinh cd cau tric chit ché va on dinh, khong ¢ xu huéng von cuc. Tuy nhién,
cac bong bun hoat tinh nhu vay - dugc duy tri boi EPS két dinh va su két tu cua vi
sinh vat - ¢d thé can tro kha nang tiép can cia enzyme, do d6 lam cham qua trinh
thuy phan trong AD [6, 7]. Gia tri tCOD la 9556 mg/I két hop vai gia tri sCOD tuong
d6i thap 1a 450 m/g cho thay phan 16n thanh phan hiru co ton tai ¢ dang hat hoac
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dang lién két véi EPS, chi c6 khoang 4,7% ¢ dang hoa tan. Diéu nay phl hop Véi
c4c phét hién trude day cho thiy sCOD thudng chiém dudi 5-10% tCOD trong WAS
chua qua xu ly [1, 15]. Ty 186 SCOD/tCOD thap cho thay chat nén bi han ché thay
phan, can phai xir Iy so bo - chang han nhu xtr 1y nhiét ¢ nhiét d6 thap - dé pha va
EPS va tang cuong kha niang hoa tan trudc khi xtr Iy bé mat [7].

Ham luong dinh dudng bao gom TP co giatr 12 1,82% TSva TN 14 2,76% TS
nam trong pham vi dién hinh dugc bao céo cho WAS [5]. Cac kim loai ning Cd, Pb,
Zn va Mn duoc phét hién & muc thap, trong khi Cu khong dugc phét hién, cho thiy
bun chi yéu c6 ngudn gbe tir ngudn nudc thai sinh hoat chir khdng phai nude thai
cong nghiép [3, 4]. Nhin chung, cic dic diém ban dau cho thay bun giau chat hitu
co, ¢6 cau tric bong ban chit ché va chi chara mot ty 16 nho chét hiru co hoa tan.
Nhiing dic diém nay khién bun tro thanh chat nén 1y tuong dé nghién ctu cac cong
nghé tién xir ly. Bac biét, khoang cach 16n gitta tCOD va sCOD 1a co sé vitng chac
cho viéc ap dung tién xa ly nhiét & nhiét do thap, diéu nay di duoc chiing minh 12
pha vo EPS, tang cuong giai phong COD hoa tan va cai thién kha nang phan huy
sinh hoc sau do6 cua WAS [1, 13].

3.2. Anh hwong ciia LT-THP 1én sinh khéi, va kha néng ling ciia bun

Sy bién thién cua chat rin lo ling trong dung dich hon hop (MLSS) va chi s6
thé tich bun 30 phut (SVI:) trong qua trinh tién xir Iy nhiét & nhiét do thap duoc
trinh bay trong hinh 3. Mdi twong quan nghich giita hai théng sé nay duoc quan sat
thay 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 gid xudng con 18,4; 17,5; 17,3; 16,2 va 16,1 g/l sau 1; 3; 5; 10 va 24

gio. Piéu nay twong (ng voi muc giam tong thé khoang 11% sau 24 gid xu 1y.
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Hinh 3. Sir thay d6i cia sinh khéi va kha niing lang cia WAS (gia tri thé hién
x+SD véi n=3). Ngudn: Nhom tac gia.

Sy suy giam gia tri MLSS cho thay sy hoa tan mot phan caa thanh phan hitu
co dang hat, kém theo sy pha v& cau tric béng cin do nhiét, theo d6 cac chat ran
lien két véi EPS va cac thanh phan noi bao duoc chuyén vao pha hoa tan thong qua
qua trinh bién tinh do nhiét, 1am yéu két cau bong can [7, 10].

Nguoc lai, SVIso tang ro rét, tur 112 ml/g sau 0,5 gio Ién 125, 136, 157, 184
va 189 ml/g sau lan luot 1; 3; 5; 10 va 24 gio. CAc gia tri vuot qua 150 ml/g sau 5
gio phan anh su chuyén doi tir bun lang tét sang trang thai bong can 16n, suy yéu
dan. Sy suy giam kha ning lang nay c6 thé 12 do mat do dic va do két dinh cua céc
bong bun, do su pha v mang ludi EPS va sy suy yéu céc lién két cation hoa tri 1l
(Ca?*, Mg?") anh huong tai tinh toan ven caa bong bun [6, 18]. Khi EPS trai qua qua
trinh treong nd do nhiét va duoc hoa tan mét phan, cac nhém chac nhu nhom
carboxyl, phosphate va amino bi ion hda, tao ra luc day tinh dién giita cac manh
bong bun va thuc day sy phan tan caa ching thanh cac hat nho hon, nhe hon va it
dic hon. SVIsting manh phi hop vai céc quan sét trong cac nghién ciu tién xir ly
nhiét trudc day, trong d6 nhidt 6 60-90°C 1am giam mat do cia bong bun, thiic ddy
qua trinh treong nd va phan manh, dan dén giam van téc lang trong luc [12, 13]. Su
khé&c biét gitta MLSS giam va SVls tang ctiing ¢ két luan rang két cau ban trai qua
su thay d6i vi cdu trac dang ké, cha yéu do sy phan huy EPS va su v& mot phan
thanh té bao.

Hon nita, viéc gia nhiét kéo dai (>10 gio) duong nhu lam dich chuyén két cau

bong bun chat ché sang trang thai phan tan va keo hon, thé hién qua su 6n dinh cua
12



MLSS quanh mirc 16 g/l va su gia tang lién tuc cua SVIs. Két qua tuong tu da duoc
bé&o céo trong cac nghién ctru mod ta bun phan huay nhiét, trong d6 viéc giai phong
cac polyme sinh hoc c6 trong lugng phan tir cao va cac dai phan tir ndi bao dan dén
tang d6 nhét cua chat long, can tro qua trinh 1ang va giam kha ning keo tu [14, 19].
Mic du do nhét khong duoc danh gia trong nghién ctru nay, nhung dic diém SVls
quan sat duoc cho thay rd rang nhiing thay d6i nhu vay.

Nhin chung, tac dong két hop cua viéc giam MLSS va ting SVIz lién quan
dén qua trinh tién xu Iy nhiét: su phan hay va hoa tan hat tang 1én. Xu hudng nay
cling duoc phan anh céc béo cao nghién ctu tién xt ly nhiét va nhiét - kiém khéac,
trong d6 SVIg tang 1én trong khoang 150-250 ml/g trong qua trinh gia nhiét kéo dai
hoac diéu kién pH cao. Do d6, dé trién khai tién xu Iy nhiét trén quy mé Ion cd thé
y&u cau tang cuong tach 16ng - ran (vi du: b sung polyme, ly tim hoac xt ly nhiét
- hoa hoc két hop) dé giam thiéu tac dong bat loi dén kha nang lang trong khi van
duy tri loi ich cua viéc cai thién kha nang hoa tan [15, 19].

3.3. Sw thay doi cdu tric cia bun hoat tinh khi xa Iy bang nhiét

Sy thay doi cau tric vi md caa bun hoat tinh thai trong qua trinh tién xir ly
nhiét & nhiét d6 thap da duoc kiém tra bang kinh hién vi dién tir quét (SEM), nhu
thé hién trong hinh 4. Su khéac biét rd rang vé hinh thai da duoc quan st thay giira
bun chua xtr Iy (hinh 4A) va mau dugc xt ly nhiét & 80°C (hinh 4B), chirng minh

rang viéc gia nhiét nhe gay ra nhitng thay doi vat 1y dang ké trong bong bun.
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Hinh 4. Hinh anh kinh hién vi dién tir quét bé mit ciaa bun thai (A) truéc va
(B) sau khi xir Iy bang nhiét & 80°C. Ngudon: Nhém tac gia.

O diéu kién chua xur ly, bé mat bun c6 vé dic va két tu cao, dic trung boi cac
bong bun lién két chit ch& giau EPS. Do dic nay 1a dic trung cua bun hoat tinh, noi
cac chat cha yéu bao gom protein, polysaccharides va lipid déng vai tro 1a khung
lien két giir cac té bao vi sinh vat va cac hat vo co lai voi nhau [6, 18]. Hinh thai
min, két dinh quan sat dugc trong hinh 4A phan anh sy két dinh giita cac té bao
manh mé& va mang ludi EPS cau néi cation, vén dugc biét 12 han ché kha nang phan
huay sinh hoc va can tré qué trinh thuy phan trong qua trinh tiéu hda ky khi [7]. Sau
khi xir ly nhiét & 80°C, cau tric caa khoi bdng trai qua qua trinh néi long va phan
manh dang ké (hinh 4B). B& mit tré nén khong déu hon, véi cac vét nit nho cé thé
nhin thay, c4c 16 rong mo rong va cac 16p EPS bj pha v. Nhiing thay doi hinh théi
nay cho thay su khoi dau caa qua trinh bién tinh nhiét cua EPS, 1am suy yéu lién két
hydro va phéa v& mét phan ciu trdc polyme, tat ca l1am giam tinh toan ven cua khdi
bong. Su phan hiy ciu tric twong tu dudi tic dong cua nhiét do vira phai (60-90°C)
da duoc ghi nhan trong cac nghién ctu trude ddy, trong dé tiép xuc vai nhiét thic
day su ma ra cua cac polyme sinh hoc, tach 16p EPS bén ngoai va ting giai phong
cac thanh phan noi bao [12, 18].

Sy hinh thanh cac 16 réng va khe nat cho thidy mang té bao va xuwong song
EPS bi mat 6n dinh dudi tac dong cua (ng suat nhiét. Pidu ndy lam tang tinh tham,
cho phép chat hitu co hoa tan tham thau tir bén trong cac bong can vao khéi chat
long - mot co ché quan trong dan dén su gia ting sCOD dugc quan sat thiy trong
qua trinh tién xur ly nhiét. Kiéu phan hay nay phi hop véi mé hinh trong d6 nhiét do
vira phai pha v& cac lién két yéu (cau ndi ion, twong tac Van Der Waals, tiép xuc ky
nuéc) trong két cau EPS [19], do d6 thiic day sy truong nd va phan manh cua bong
cian. Mot quan sat dang cha v khac 13 su xuat hién caa cac hat nho hon gidng nhu
manh vun nam rai rac trén bé mat bun da qua xir ly nhiét. Nhiing hat min nay phan

anh sy bong tach va phan huay cac tap hop vi khuan, gép phan lam giam MLSS va

14



tang SVIz. Nhitng chuyén doi nhu vay phl hop vai cac bao cao trude day cho thiy
qué trinh thay phan nhiét 1am chuyén dich bun tir cdu tric dic sang cau trdc vi md
phan tan hon [13]. Quan sat hinh anh hién vi cia bun c6 thé di dén két luan rang qua
trinh tién xt ly nhiét & nhiét do thap tao ra sy chuyén doi tir bun dic va dan hoi sang
Cau tric x6p, phan manh va yéu hon. Sy thay d6i cdu triic nay dong vai trd quan
trong trong viéc tao diéu kién thuan loi cho qué trinh hoa tan chat hiru co, ting kha
nang tiép can bin véi cac enzyme thiy phan va cai thién tiém niang phan hay sinh
hoc & cac cong doan xtr ly sau nay.

3.4. S hoa tan thanh phan hitu co trong qud trinh xi Iy nhiét

Két qua trinh bay trong hinh 5 va 6 cho thay rd su gia ting dang ké thanh phan
sCOD va ty 1€ sCOD/tCOD tuong tng theo ca nhiét do va thoi gian xa 1y so bo,
khang dinh kha ning hoa tan rd rét caa qua trinh xur 1y so bd bang nhiét & nhiét do
thap trén WAS. O diéu kién nhiét do thap nhat (50°C), sCOD chi thé hién sy thay
d6i han ché, tang tir 442 mg/l sau 0,5 gio 1én 624 mg/l sau 10 gio, Véi ty 18
sCOD/tCOD duy tri dudi 7% trong suét thoi gian xir 1y. Diéu nay cho thay chi mot
phan nhé chat hitu co dang hat duoc giai phong, va hau hét chat hiru co van duoc
bao boc trong ma tran béng bun nén chat hoic cac khoang noi bao, han ché kha ning
tiép can cua chling véi cac qua trinh thity phan, twong tu nhu cic quan sét trong cac

hé théng bun chua dugc xur Iy hoic chiu tng suét tdi thiéu [12].
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Hinh 5. Sy thay ddi ciia thanh phan hiru co hoa tan trong qua trinh xir ly nhiét
(gi4 tri thé hién x+SD véi n=3). Ngudn: Nhom téc gia.

Nguoc lai, xir 1y so bd & nhiét do >70°C dan dén su gia ting nhanh chong va
rd rét caa thanh phan hitu co hoa tan. O 70°C, sCOD ting 1én 987 mg/l sau 24 gio,
tuong (ng Vai ty 16 sCODACOD 1a 11,7%. Diéu kién nhiét 6 80 va 90°C gay ra
phan @ng hoa tan manh nhat: sCOD tang manh trong vong 3-5 gio dau, dat 1258
mg/l (¢ 80°C) va 1335 mg/I (¢ 90°C) sau 10 gio, va tiép tuc tang 1én 1450 va 1504
mg/l sau 24 gid. Céc gia tri nay thé hién muc tang tir 2,5 dén 3,3 1an so véi SCOD
ban dau va khang dinh rang ang suét nhiét tir trung binh dén cao cd hiéu qua cao
trong viéc hoa tan thanh phan hiru co tir pha hat vao pha nuéc.

Ty 16 sSCOD/tCOD tuong tmg tang 1én 13,7% (& 80°C) va 15,7% (& 90°C),
gan gap ba lan mic d6 hoa tan cia bun thd. Pong hoc qua trinh hoa tan ¢ nhiing
nhiét ¢6 nay cho thiy hau hét su giai phong chat hitu co xay ra trong 5-10 gi¢ dau
tién, sau d6 hé thdng tién gan dén trang thai gan bdo hoa, cho thay su suy giam cac
phan dé& phan huy cia EPS va vat lidu té bao. Viéc hoa tan hai pha nay phu hop voi
cac md ta vé viéc pha huy nhanh chong két cau caa EPS, sau d6 1a sy giai phong noi
bao [13, 17].
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Hinh 6. Ty 1& hoa tan thanh phan hiru co trong qua trinh tién xi Iy bun thai véi
nhiét (gia tri thé hién x+SD véi n=3). Nguon: Nhom téac gia.
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Co ché co ban c6 thé 1a do su suy yéu nhiét cua cau trdc EPS, su bién tinh cua
phtic hop protein-polysaccharide va su vd mot phan mang té bao vi khuan. O nhiét
d6 trén 70°C, két cau ctia EPS duogc sap xép lai cau tric do phé v cac mién ky nudc,
pha v& cac lién két hydro va phan ly cac cau cation (Ca*", Mg?*), do d6 giai phong
cac biopolymer cé trong luwgng phan tir cao vao pha hoa tan [6, 21]. Nhiét do cao
cling 1am tang toc do khuéch tan cua céc vat lidu noi bao vao khdi chat long sau khi
thanh té bao mat on dinh nhiét - mot hién twong da dugc ghi nhan rd rang trong cac
qué trinh thay phan nhiét [8]. Khi c4c bong cin bi yéu di do nhiét va bi tach bong,
cac hat ran chuyén thanh cac phan min hon hoic hoa tan vao pha nuéc, do d6 gop
phan truc tiép lam ting gia tri SCOD. Mai lién hé co hoc nay giita sy phan hay cau
triic va qua trinh hoa tan da dugc ching minh rd rang trong cac nghién ctu tién xu
Iy nhiét [11, 16]. Gi4 tri SCOD/tCOD la 15,7%, tuy vin thép hon ngudng 40%
thuong thay trong diéu kién tién xt Iy kiém [16], nhung van c ¥ nghia quan trong
trong bdi canh tién xu ly nhiét & nhiét do thap. Biéu quan trong 1, nhiét do 80-90°C
dat dugc kha ning hoa tan manh nhat véi mic ning luong dau vao hop ly, phil hop
d6i vai cac cau hinh xur 1y ban tiét kiém nang luong. Nghién ciu ndy xac nhan tiém
nang cta LT-THP 1a mot phuong phéap hiéu qua dé cai thién kha nang thuy phan cua
WAS va tang cuong kha nang phan hay sinh hoc & giai doan xur Iy tiép theo.

4. Két luan

Két qua nghién ctu chi ra rang, LT-THP khoang 80-90°C la mot phuong phap
hiéu qua dé tang cudong qua trinh phan huy va hoa tan WAS. Tiép xtc nhiét trong
khoang nay 1am suy yéu dang ké cau tric bun, thuc day qué trinh phan manh béng
can va tao diéu kién giai phong cé4c hat va chat hiru co ndi bao vao pha hoa tan. Xir
ly nhiét lam tang 2.5-3,3 lan gia tri SCOD, véi gia tri toi da dat 1504 mg/l, va ting
ty 16 SCOD/tCOD tir 4,6% trong bun chua xur Iy 1én 15,7%. Qua trinh hoa tan dién
ra hau hét trong vong 5-10 gid dau tién, cho thy su suy giam nhanh chéng cac thanh

phan EPS d& bj phan huy. Mic du cac gia tri ndy van thap hon so véi gid tri thudng
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dat duoc khi xir 1y so bo bang kiém manh nhung van thé hién su cai thién dang ké
d6i vai mot quy trinh chi st dung nhiét, khong sir dung héa chat.

Hinh anh SEM xac nhan su pha v& EPS, hinh thanh 16 rong va bong troc bong
can, trong khi c4c té bao vi sinh vat phan 16n van giit nguyén hinh thai caa ching -
cho thiy sy phan hay nhiét chi yéu tac dong dén céc polyme ngoai bao, it tac dong
su phan huy hoan toan té bao. Nhimg thay ddi hinh thai nay tuong ung véi MLSS
giam 11% va SVl ting tir 112 1&n 189 ml/g, phan &nh sy thay doi dién hinh gita
kha ning hoa tan va kha niang lang trong qué trinh xu ly nhiét. Nghién ctru ciing chi
ra mdi quan hé vé mit co hoc trong qué trinh phan hay EPS va phan huay béng cin
trong cac diéu kién nhiét do thap. Pay la nghién ctru dau tién ¢ Viét Nam khao sét
cac diéu kién thuc nghiém tién xir Iy WAS tir qua trinh sinh hoc caa tram xir Iy nuéc
thai sinh hoat d6 thi tap trung, dua ra nhitng két qua vé kha nang hoa tan bun (sCOD),
thay d6i dac tinh lang (SVls) va quan sat duoc su thay doi cua bé mat bong ban
thong qua anh SEM, tao co s& ky thuat viing chac cho viéc tdi uvu hoa qua trinh tién
xt ly WAS trén quy mo lon.
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