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Tom tit:

Bun biogas giau dinh dudng, c6 thé st dung lam
phéan boén néu giai quyét dugc cac han ché nhu pH cao,
lugng nudc 16n, chia N dé bay hoi, dé thit thoat ra moi
trudng va chia vi sinh gay bénh. Nghién ctiu khao sat
hiéu qua xu ly bun bang phuong phap Fenton dé ting
kha ndng phan hty sinh hoc va hiéu qua tach nudc, co
ddc bun lam nguyén liéu phoi tron phan bon. Két qua
cho thdy, oxy hoéa Fenton gitp di€u chinh pH va giam
vi sinh giy bénh trong bun. Qua trinh lam 4m - tach &m
cho hiéu qua loai nudc dang ké & 70°C (36,6%) va giup
lam giau thanh phan dinh dudng trong buin. Blin c6 déc
chtta ham lugng TKN (3089,2 mg/L), P,O, (37,3 mg/L)
va K O (21,8 mg/L). Nudc ngung sau c6 dic chua nito
(651,2 mg/L) c6 thé tan thu G phan compost.

Tu khoa: Tdi sii dung chdt thdi, biin biogas, phan bon
nhd chdm, mang boc sinh hoc.
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1. Dat vin dé

Viéc san xudt khi sinh hoc bang cac hé thong bé
biogas tli qua trinh phan huy ky khi chét thai hitu co
mang lai lgi ich dang ké vé kinh t€ va BVMT. Cac phan
tng phan huy ky khi trong bé biogas lam giam ham
lugng hiiu co cta chét thai dén 60%, dong thoi dé lai
bun thai c6 thé st dung lam phén bén hodc chit 6n
dinh dat [1,2]. Tuy diéu kién van hanh va thiét ké cua
bé biogas, bun sau phan huy dugc rut khoi bé gian
doan hay lién tuc nham dam bdo hoat dong 6n dinh
cta hé thdong.

Phé phdm bun bé biogas giau dinh duéng va thich
hop st dung lam phéan bdn, tuy nhién con nhiéu han
ché khi sti dung nhu mot dang phan boén long. Trong
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Evaluating the quality of biogas sludge
after pretreatment by Fenton process
and dewatering for organic fertilizer
formulation

Abstract:

Biogas sludge is rich in nutrients and can be used
as fertilizers after resolving the limits such as high
pH, large amount of water, containing volatile N that
is easily lost into the environment, and pathogens.
This study investigates the effectiveness of iron-rich
biogas sludge pretreatment using Fenton method to
increase biodegradability and dewatering efficiency to
recover condensed sludge as a raw material for fertilizer
production. The results showed that Fenton oxidation
process improved the quality of sludge by adjusting
pH and reducing pathogenic microorganisms in
sludge. The humidification - dehumidification process
effectively removed water at 70°C (36.6%) and helped
to enrich nutrients in the biogas sludge. The condensed
sludge remained significant amounts of nutrients
(3089.2 mg/L of TKN, 37.3 mg/L of P,O_ and 21.8 mg/L
of K,0). The water recovered from the humidification
- dehumidification process contained significant
amount of TKN (651.2 mg/L), which can be reused for
composting process.

Keywords: Waste reuse, biogas sludge, slow-release
fertilizer, bio-based coating.
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do, han ché dang luu y bao gom pH cao, ham lugng
nudc rat cao (hon 60%), dinh duéng dam trong bun
biogas chu yéu 6 dang NH, va NH,* dé thét thoat ra
moi truong theo nudc tudi va qua qua trinh bay hoi
[2]. Ham lugng nudc cao gay khé khan cho viéc van
chuyén va tai sti dung bun [3]. Su that thoat nito khi
dugc st dung lam phéan bon phu thudc vao cac yéu to
moi trudng (nhiét do, d6 dm, va t6c do gio) va tinh chat
vat ly ctia bun (pH, d6 nhét, ham lugng va kich thude
hat rdn) [4]. Viéc st dung truc tiép bun long bé biogas
tang nguy co nhiém ddc, gdy anh hudng dén su phat
trién clia cay trong do néng do NH,* va PO* cao, vi
vay nén bun long biogas thudng dugc pha loang trudc
khi st dung [5]. Bun bé biogas lam tang pH dit. Sau
khi bén phan, vi sinh chuyén héa NH ,Fthanh NO,, dat



bi axit hoa lam giam kha nang hap thu dinh duéng can
thiét ctia cay trong [6].

Han ché d6i véi viéc st dung bun bé biogas chua xt
ly lam phéan bén con dén tii nguy co tiém 4n khi dua
cac chit gay 6 nhiém tén du trong buin biogas vao dat
nong nghiép. Tuy vao ngudn nguyén liéu dau vao va
diéu kién xu ly trong bé biogas, bun sau phan hty con
c6 thé chiia chét hitu co khé phén huy nhu cac hgp
chat giong dioxin, hgp chat biphenyl chua clo (PCB),
thudc trii sau, cac hydrocacbon thom da vong (PAH),
paraffin chtia clo, hgp chét phenolic va phthalate [7]. Su
hién dién cta vi sinh giy bénh trong bun biogas quyét
dinh chét lugng sinh hoc cua bun, cé thé tao diéu kién
cho cac duong lay truyén mam bénh méi gitia nguoi,
dong vat va moi truong [8]. Trong qua trinh phén hay
ky khi, khong cé oxy, trong mot thoi gian dai (15-50
ngay), 6 nhiét d6 khoang 35°C, mét s6 vi khudn gay
bénh, vi rat, dong vat nguyén sinh va triing giun san bi
vO hiéu héa. Tuy nhién, kha nang 6n dinh chat thai va
bat hoat mam bénh trong bé biogas khong hoan chinh,
so v6i cong nghé u phan compost. Do d6, d€ c6 thé su
dung bun thai biogas lam phan thi bun thai can phai
dugc tién xt ly dé dat chat lugng nhu mot nguoén dinh
dudng cho thuc vat va gitp diéu hoa chat lugng moi
truong dat.

Dbé tang cuong tai su dung bun bé biogas dap ting
yéu cdu xu ly chét thai 6 nhiém theo xu hudng phat
trién noéng nghiép sinh thai, bun bé biogas cin dugc
tach nuéc dé thu hoi bun dic lam nguyén liéu phoi
tron phan bon. Bun biogas déic c6 thé dugc st dung lam
nguyén liéu phoi tron vién phan bon hiiu co lai hoa co
b6 sung dinh duéng vo co & ty 1é dap ting nhu cau dinh
dudng ctia cac loai cay trong khac nhau. Bun biogas
dac cang c6 thé dugc st dung lam chit mang hitu co
trong qua trinh nhan sinh khéi cic chung vi sinh 6n
dinh dinh duéng, sau d6 c6 thé dua vao qua trinh G
phan compost véi vai tro kép viia la chat kich hoat viia
bd sung moi trudng vi sinh ¢6 1gi [9].

Phuong phép tién xu ly Fenton, m¢t trong nhiéu
phuong phap oxy hoéa bac cao, dugc biét dén nhu mot
phuong phap phd bién nham tang cuong kha ning
phan hy sinh hoc bun thai. Qua trinh oxy hoa Fenton
6 thé phan hay cac hgp chét cao phan ti ngoai bao do
vi sinh tiét ra, chiém t6i 80% khdi lugng bun hoat tinh
[10]. Mot phan khoi lugng bun hoat tinh bi hoa tan,
chuyén hoa thanh cac chat hiiu co ¢6 kha ning phan
huy sinh hoc, va khodng hoa giai phéng san phdm la
CO, va H,O. Tuy diéu kién thyc hién qua trinh oxy
héa Fenton, tinh chét bun c6 thé thay d6i bao gom kha
ndng tach nudc tang, do nhét giam va kich thude hat
rin tang [11]. Vi vay, phuong phép tién xti ly Fenton
doi vé6i bun biogas ¢6 chita ham lugng 16n ion sat hoa
tan (Fe?* va Fe**) dugc dy dodn la thich hgp dé hé trg
cho qua trinh c6 dic, tdch nudc va cai thién chét lugng
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bun lam nguyén liéu phdi trén phan bén. Diéu kién
pH t6i uu dé€ thyc hién phan ting oxy héa Fenton trong
khoang pH 3 - 6 [11], cling dong thoi giup diéu chinh
pH ctia bun biogas vé ngudng phu hgp cho viéc phdi
tron phan bon.

Nghién ctiu nay tién hanh danh gia chat lugng bun
biogas thu hdi sau tién xti ly bang phuong phap Fenton
va c0 ddc, tach nuéc. Thanh phan dinh dudng va vi
sinh gay bénh (E.Coli va Coliform) trong bun sau xu
ly Fenton va hiéu suét tach nudc bing qua trinh tao
dm-tach dm (HDH) & cac diéu kién gia nhiét khac nhau
dugc danh gia d€ dam bao bun thu hdéi pht hgp lam
nguyén liéu phoi tron phan bon hiiu co.

2. Phuong phap nghién ctiu

Qua trinh tién xt ly bun thai ti bé 0 biogas bing
phan ting Fenton hda st dung H O, lam tdc nhan oxy
héa cac hgp chat hitu co cé cau tric phtic tap trong bun.
Phan ting oxy hoa chét hitu co RH bing géc tu do OHe
va cac goc chtia oxy hoat hoa khac phat sinh tii qua trinh
phan hity H O, khi c6 mit chat xic tic la mudi sat tan
hodc phtic chua sit trong diéu kién acid nhe.

Bun 16ng dugc thu tii hé thong biogas cia Nha may
xu ly bun thai thu¢c Cong ty TNHH Coéng nghé Sinh
hoc Sai Gon Xanh, Pa Phudc, Binh Chanh, Thanh phé
Ho6 Chi Minh. Binh thty tinh chda bun bé biogas c6
tong ham lugng Fe 12,8% va pH 8,3 dugc b6 sung dung
dich HCI dam dac tu tit d€ diéu chinh pH dén khoang
5,5 - 6,5. Sau d6, dung dich H O, 3% dugc ti€p tuc
bd sung vao bun biogas da acid héa véi ty 1é thé tich
H,O,:bun thay d6i (1:10, 1:20, 1:50) va khudy lién tuc &
diéu kién nhiét d6 phong trong thdi gian 2 phut. Mau
bun da qua xt ly bang H,O, 3% dugc chia thanh hai
phan. Mot phan bun sau xt ly Fenton dugc dung dé
phan tich téng Fe, ham lugng chét ran bay hoi (TVS),
NH,*-N va vi sinh gay bénh (E.Coli va Coliform). Phan
con lai dugc cho vao hé thong c6 quay dé€ tién hanh
tdch nudc va c6 dic bun (Hinh 1). Ty 1¢ H,O,:bun to6i
uu dugc lya chon dua vao ham lugng Fe va ham lugng
TVS con lai trong bun sau x ly.

A Hinh 1. Quy trinh tién xit ly bin biogas bang phuong
phdp oxy hoa Fenton
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Hé thong c6 quay (Rotavapor R210, Buchi,
Germany) dugc st dung d€ mo6 phong qua trinh tao
dm-tach &m (HDH) dé€ c6 ddc buin bé biogas [12]. Bom
chan khong dugc st dung lam bom hut khong khi vao
hé thong tach 4m. Bun long biogas (200 mL) sau tién xt
ly dugc bb sung vao binh c6 quay thé tich 1 lit va dugc
gia nhiét trong bé cach thuy. Nudc trong bun bay hoi
va 16i cudn qua bo ngung tu nhd dong luc dong khong
khi tao ra bdi bom hut. Dong khong khi bén ngoai di
vao hé thong c6 quay thong qua 16 nap va dugc lam 4m
bang hoi nudc. Khong khi ndng 4m véi mot lugng 16n
hoi nuéc dugc ngung tu trong 6ng ngung va thu hoi
& binh cau ndi véi 6ng ngung. Bun dédc thu hoéi dugc
phén tich ham lugng 4m, TSS, TVS va thanh phan dinh
dudng ’céin thi€t d€ phoi tron phan bon (TKN, P,O,,
K,0). Anh hudng ctia nhi¢t 4o nudc gia nhiét (t6i da
70°C) dén hiéu qua cd dic bun biogas dugc khao sat.
Thoi gian gia nhiét moi mé la 4 gio véi luu lugng khong
khi ¢6 dinh 6 mtc 4 L/phut. Mdi thtt nghiém dugc lap
lai 3 1an d€ dam bdo do tin céy cha s6 liéu. Hiéu qua
tach nudc va ham lugng chat dinh duéng con lai trong
bun sau qua trinh tdch 4m dugc phén tich d€ xac dinh
diéu kién van hanh t6i uu, lam co s thiét ké hé thong
tach &m trong dinh huéng nghién ctiu tiép theo. Cac
tht nghiém dugc thuc hién ¢ diéu kién do dm khong
khi 70%.

3. Két qua va thao luin

3.1. Hiéu qua tién xit ly bin léng biogas bdng
phuong phdp Fenton
biéc diém va chit lugng sinh hoc bun long biogas
trudc va sau xu ly bang phuong phdp oxy héa Fenton
dugc trinh bay trong Hinh 2 va Bang 1. Bun dugc xt
ly trong diéu kién axit (pH 5,5 - 6,5) két hop tac nhan
oxy héa H,O, lam gidm ham lugng Fe tong, chit ran
bay hoi (TVS), NH,*-N va téng s6 vi sinh gay bénh
(E.Coli va Coliform). Két qua phéan tich t6ng ham
lugng Fe trong bun sau xt ly con lai thap nhét khi st
dung tj 1¢ bun:H,0, 1a 1:50, gidm tit 12,8 con 0,7%.

a)
A Hinh 2. Mau biin 16ng biogas (a) trudc tién xit Iy va (b) sau
tién xit ly bang phuong phdp Fenton
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Ham lugng TVS giam khoang 20% (tii 24 mg/L con
19 mg/L), trong d6 khoang 15% thanh phéan rin bay
hoi thit thoat & dang NH,*-N (tli 2222 mg/L con 1857
mg/L). Ddc biét, ham lugng vi sinh gay bénh (E. Coli)
trong bun da giam dat quy dinh vé quan ly chat lugng
phan bon (Nghi dinh s6 108/2017/ND-CP vé Quan ly
phan boén, Phu luc 5 - Chi tiéu chét lugng va phuong
phap thii phan bén). Do xti Iy bang H,O, néng d¢ thap,
ham lugng dinh dudng nito trong bun cé giam nhung
khong nhiéu, phtt hgp lam nguyén liéu trong san xuét
phan bén.

Bang 1. Chat lugng bun biogas sau tién xt ly bang oxy héa
Fenton

Chitiéu | Ponvi | Bunlong | Bunlong Nghi
(truGcxti | (sau xu dinh s0
1y) 1y) 108/2017/
ND-CP
Fe % 12,8 0,7 -
TVS mg/L 23,74 18,05 + -
3,57 4,28
NH,-N mg/L 222224 + | 1857,65 -
11,23 + 31,11
E. Coli MPN/100 | 2,37 x10* | 9,47 x10'| 1,1x10°
mL
Coliform | MPN/100 | 4,74x10° | 4,28 x 10° -
mL

3.2. Hiéu quad tdch nudc, co ddc biun long biogas
sau tién xi ly bang oxy héa Fenton

Sau xt ly Fenton, bun long dugc gia nhiét va tach

dm trong hé théng c6 quay & 50°C va 70°C). Bang 2
trinh bay két qua xac dinh ham lugng dm, tong ran lo
lting (TSS) va téng rin bay hoi (TVS) trong mau bun
l6ng trudc va sau khi tach 4m. Két qua cho thdy hiéu
qua tdch nudc ting dang ké khi tang nhiét do gia nhiét
tt 50°C 1én 70°C, tii 16,2% & 50°C 1én 36,6% & nhiét
d6 70°C. Sau khi dugc tach nudec & 70°C, bun cd dic
chtia t6ng lugng chét ran lo lting x4p xi 65,4 g/L, trong
d6 téng ham lugng ran bay hoi dat 23,7 g/L do mot s6
thanh phan dé bay hoi bi that thoat khi gia nhiét dén
70°C.

Bang 2. Hiéu suit tich nuéc bun léng trong diéu kién
nhiét do thay dai

Nhiét Ham TSS (g/L) | TVS (g/L) | Hiéu suit
do (°C) | lugng tach nudc
nudce (%) (%)
32 96,15 + 42,38 + 18,05 + -
0,02 4,19 4,28
50 80,25 + 50,06 + 19,77 + 16,24 +
0,01 3,12 3,27 1,26
70 60,70 65,45 + 23,74 + 36,66 +
0,02 5,02 3,57 0,89




Bang 3. Thanh phan dinh dudng trong bun biogas sau
tach nuéc

Maiu TKN (mg/L) PO, K,0
(mgL) | (mg/L)

Bun 16ng truGe | 2426,67+10,78 | 26,24+6,13 | 15,84+8,27
tdch &m
Bun léng sau 3089,24+13,54 | 37,31+5,41 | 21,87+4,95
tdch &m
Nudéc thu hoi 651,18+11,31 0 0
sau tdch &m

3.3. Thanh phdn dinh duéng biin bé biogas sau khi

co dac
Thanh phan dinh duéng (TKN, P,O, va K O) trong
bun biogas sau khi tach nuéc dugc trinh bay trong Bang
3. Két qua cho thdy qua trinh tao &m-tach &m (HDH) c6
hiéu qua tach nudc dang ké, giup c6 ddc bun va lam giau
ham lugng dinh dudng trong bun. Nudc thu hai ti qua
trinh c6 dac bun biogas c6 chtia ham lugng TKN can
bang véi miic gidam ham lugng TKN trong bun sau c¢6
dac, chiing to qua trinh tao dm-tach &m (HDH) con lam
that thodt cac thanh phan hgp chit chia N dé bay hoi.
Vi vay, dé ting hiéu qua tai sii dung thanh phéan dinh
dudng trong bun biogas, can c6 giai phap thu hoi va tan
dung nudc ngung tu tii qua trinh c6 dac bun cho qua
trinh @ phan compost. Phan 16n ham lugng N trong bun
& dang v6 co hoa tan NH, ¥, von la dang N dé hap thu bai
cay trong nhung ciing dé rua trdi, thit thoat trong moi
trudng dat. Sau khi c6 dac, bun biogas chita ham lugng
TKN trung binh xdp xi 3089,2 mg/L, ham lugng PO,
trung binh xdp xi 37,3 mg/L va trung binh xap xi K,.O
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trung binh xap xi 21,8 mg/L. Nudc thu hdi tii qua trinh
c6 dac bun & diéu kién nhiét do 70°C c6 chiia ham lugng
TKN trung binh x4p xi 651,2 mg/L.

4. Két luan

Nghién ctiu da tién hanh khao sat hiéu qua tién xu
ly va tach nudc bun long biogas lam nguyén liéu phéi
tron phan bon. Phuong phap oxy hoa Fenton gitap diéu
chinh pH phu hgp (5,5 - 6,5) va lam giam thanh phan vi
sinh giy bénh. Hiéu qua loai nuéc bang qua trinh lam
4m - tach 4m ghi nhan dang ké trong diéu kién nhiét do
70°C, giup lam giau thanh phéan dinh duéng NPK trong
bun sau thu hoi, thuén lgi dung lam nguyén li¢u cho qua
trinh phdi tron san xudt phan bon. That thoat nito trong
nudéc ngung tlii qua trinh tach nudc bun biogas c6 thé
dugc bé sung vao quy trinh G phan compost. Két qua
cho thdy, tinh kha thi tin dung bun thai biogas sau xti ly
oxy héa Fenton va tach nuéc lam nguyén liéu phoi tron
phén bon. Tuy nhién, do han ché vé thoi gian, nghién
ctu chua tinh toan hiéu qua kinh t€ cta giai phap tai
sti dung bun bé biogas, bao gébm chi phi héa chat cho
qua trinh tién xu ly Fenton va chi phi nidng lugng d€ van
hanh hé thong tach nudc. Viéc danh gia hiéu qua kinh
t€ ctia giai phap 1a co s& cho dinh huéng nghién ctiu tiép
theo trong thiét ké hé thong tach nudc blin st dung ning
lugng mat troi.

Loi cam on: Nghién ctiu nay dugc tai trg béi Trudng
Dai hoc Bach khoa, Pai hoc Quéc gia - TP. H6 Chi Minh
trong khuon khd dé tai ma s6 C2022-20-26. Nhom tac
gia xin cam on Truong Pai hoc Bach khoa, Pai hoc Quoc
gia - TP. H6 Chi Minh da ho trg cho nghién ctiu naym

7. Wang, Y., Feng, L., Zhao, X., Ma, X., Yang, J., Liu, H., Dou, S.,
Zhou, M., Xie, Z., 2013. Characteristics of volatile compounds
removal in biogas slurry of pig manure by ozone oxidation and
organic solvents extraction. Journal of Environmental Sciences 25,
1800-1807.

8. Islam, M.A., Biswas, P, Sabuj, A.A.M., Haque, Z.F, Saha, C.K.,
Alam, M.M., Rahman, M.T., Saha, S., 2019. Microbial load in
bio-slurry from different biogas plants in Bangladesh. Journal of
advanced veterinary and animal research 6, 376-383.

9. Chojnacka, K., Moustakas, K., 2024. Anaerobic digestate
management for carbon neutrality and fertilizer use: A review
of current practices and future opportunities. Biomass and
Bioenergy 180, 106991.

10. Liang, Y., Wang, R., Sun, W, Sun, Y., 2023. Advances in Chemical
Conditioning of Residual Activated Sludge in China. Water 15,
345.

11. Pilli, S., Yan, S., Tyagi, R.D., Surampalli, R.Y., 2015. Overview
of Fenton pre-treatment of sludge aiming to enhance anaerobic
digestion. Reviews in Environmental Science and Bio/ Technology
14, 453-472.

12. Wang, P, Zhang, X., Gouda, S.G., Yuan, Q., 2020. Humidification-
dehumidification process used for the concentration and nutrient
recovery of biogas slurry. Journal of Cleaner Production 247, 119142.

Chuyén dé 1, nam 2024 | 29



