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11. Tém tit cac két qua méi ciia ludn an:

11.1 Muc dich: Nghién ctru nang cao hi¢u qua cua cong ngh¢ SBR thong qua céc giai

phap phat trién sinh khéi vi sinh thanh dang hat dé xir Iy dong thoi cac chat 6 nhiém hitu

co (COD) va cac chat dinh dudng (N, P) trong nudce thai do thi dic thu & Viét Nam, dinh
hudng tai st dung.

11.2. Pdi twong nghién ciru: (i) Hé thong xur Iy nude thai dang bé phan tng sinh hoc

theo mé SBR; (ii) BUn vi sinh dang hat va cac vat liéu hd tro phat trién bun hat 13 than

sinh hoc vo trdu, hat PVA gel tu tao, bun hat trit lanh; (iii) Nudc thai do thi

11.3. Cac phwong phap nghién ciru: (i) Phuong phap tong quan tai liéu; (ii) Phuong

phap thuc nghiém trén cac hé SBR quy m6 phong thi nghiém; (iii) Phuwong phap quan

trac, phan tich cac chi tidu chat lugng méi truong, nude, bun, va vi sinh; (iv) Phuong
phap xtr 1y, phan tich, tong hop va so sanh sd liéu nghién ctru.

11.4. Cac két qua chinh, déng gép méi: (i) Lam sang to qua trinh hinh thanh bun hat

tr bong bun non voi su hd tro cia than trau sinh hoc nhu vai tro tao nhan hat, bao vé vi

sinh vat dudi 4p luc chon loc thity luc cao, kich thich khung khoang héa dé ting do bén

hat, tir 46 gop phan nang cao hiéu qua cua cong nghé SBR; (ii) Thir nghiém thanh cong
hat gel PVA/NaNO3; tu ché tao c6 ciu tric xdp rdng, d6 bén va do dan hdi cao, kha ning

lang nhanh lam vat liéu mang trong hé SBR d¢ phat trién mang sinh hoc ¢6 dinh thay vi

vi sinh vét phai tu tao hat nhu bun hat hiéu khi; (iii) Chirng minh duoc bun hat hiéu khi

¢6 thé Iuu trix lanh trong nhiéu nam va c6 kha nang phuc hdi hoat tinh vi sinh vat dé thuc

hién churc nang xur Iy nude thai khi duogc tai hoat hoa trong hé¢ SBR.

11.5. Y nghia khoa hoc va thue tién

- Y nghia khoa hoc: Cac két qua nghién ciru ciia dé tai s& dong gop vao co so 1y
thuyét vé phuong phap xir Iy nudc thai sinh hoc bang sinh khdi dang hat trong cong



nghé SBR dé nang cao hiéu qua xir 1y nudc thai d6 thi so v6i cong nghé SBR truyén
thong sir dung sinh khéi bun hoat tinh sinh truéng lo ling, véi cac sinh khdi dang hat
khac nhau: (i) sinh khéi dang hat do vi sinh vat ty két tu tir bun gidng luu trit voi sy hd
trg ciia than triu sinh hoc, tao thanh bun hat hiéu khi cai tién v6i phy gia than trau; (ii)
sinh khéi dang hat do vi sinh vat phat trién dinh bAm c6 dinh trén hat chét mang PVA
gel tu tao; (ii1) bun hat hiéu khi duoc tai hoat hoa tir bun hat giéng luu trit lanh trong
thot gian dai.

- Y nghia thyc tién: (i) Cac két qua nghién ctru khoa hoc c6 thé tham khao dé thiét
ké va van hanh coéng nghé SBR bang sinh khdi dang hat xir Iy nudc thai do thi theo
nguyén Iy mé ndi tiép ¢ cac quy mé 16n hon nhu quy mé thi diém (pilot) tai hién truong
hoic quy mo thuc té (full-scale); (ii) Viéc sir dung than sinh hoc tir vo trdu, mot phé
pham nong nghiép, 1am phuy gia hd trg qua trinh phat trién bun hat hiéu khi, viéc tu ché
tao hat PVA gel lam chat mang dé phat trién mang sinh hoc ¢ dinh, va viéc tai hoat hoa
bun hat luu trit d@é chu dong nguén bun gidng da gop phan dinh hudng ndi dia hoa cac
giai phap phat trién sinh khéi dang hat, 1am cha cong nghé SBR trong viéc ng dung
linh hoat cac dang sinh khdi khac nhau dé xir Iy nudce thai, két hop thu hoi tai nguyén,
thuc day kinh té tuan hoan nhu mét dinh hudng chién lugc dé dam bao an ninh nguon
nudce trong bdi canh bién doi khi hau.

11.6. Két luan

- Luén 4n da nghién ctru phat trién vé cac giai phap phat trién bun hat khac nhau
c6 thé str dung trong bé SBR dé xtr 1y nudc thai do thi. Giai phap tht nhat 13 nudi tao
bun hat v6i phu gia than triu (v6i ty 1 than: bun = 1:2 vé khéi luong), trong d6 cac hat
bun hiéu khi v6i sy phan bd rai rac cac hat than trong két cdu va hinh thai duoc hinh
thanh ngay tir ngay thi ndm van hanh hé SBR. Kich thudc hat bun than trdu c6 thé 1én
dén 4-5 mm. Tbc d6 lang do d6 ting khoang 5 1an so vdi bun hoat tinh thong thuong.
Diéu nay cho phép giam dién tich cong trinh bé lang trong nha may xir Iy. Giai phap thir
hai 12 tao hat gia thé PVA gel theo cong thtc trong d6 dung dich gdbm 50g PVA va 10g
NaCeH7O¢ hoa vao 0.5L nudc, sau d6 nho vao dung dich (NaNO3z va CaCly) dé tao hat.
Két qua cho cac hat gia thé PVA gel c6 mau trang, hinh tron déu, két cau gel, déo, chic.
Sau 5 tudn van hanh, cac hat PVA gel khong niit v&, lang tot, véi luong sinh khdi bam
dinh lén hat 1a 0.4 gTSS/g hat, d0 16n thuy luc ctua hat 1a 56 mm/s.

- Pbi v6i bun hat bun duge nudi tao véi phu gia than triu, hiéu qua loai bé chét
hitu co va chat dinh dudng dugc duy tri 6n dinh & mic 97,8%, 100% va 35% d6i véi
COD, NH4*-N, PO#*-P khi xtr Iy nudc thai sinh hoat d6 thi dién hinh v4i ham lugng
chat 6 nhiém dau vao COD: 370 + 20 mg/L, NH4+-N: 25 + 0,2 mg/L, Nito dao dong
trong khoang 35-40 mg/L. Hi¢u qua xur 1y nudce thai cia hé SBR sir dung hat bun PVA
gel dugc danh gia theo cac chi tiéu TSS, COD, NH4" 1a kha cao, lan luot 1a 88%, 90%,
92%. Luan an ciing d& cho thay bun hat c6 thé lueu trix trong thoi gian dai. Thoi gian tai
hoat hoa thuong mat khoang 2 tuan trong hé SBR dang cot. Qu4 trinh van hanh doi hoi
giam dan 4p luc lya chon thuy luc (thoi gian ldng tir 40 phat giam xubng 3 phut) dé tir
tir phuc hoi hoat tinh. Sau khi tai hoat hoa, hiéu qua xir Iy cac co chat trong nudc thai



gia dinh c6 xu hudng tang theo thoi gian, véi gia tri trung binh dat 86% va1 COD, 83%
v6i NHa* va 86,7% véi PO,
12. Cac huéng nghién ciru tiép theo (Kién nghi):

- Cac nghién ctru trong tuong lai s& bao gdm thir nghiém véi nude thai thuc té véi
nhiéu kich ban van hanh khac nhau dé t6i vu hoa kha ning xir Iy ddng thoi C, N, P trong
hé théng, dé ching minh kha ning ap dung AGS trong cong nghé SBR quy mé thuc té
6 Viét Nam.

- Thtr nghiém céac phuong phap phan tich cac dac tinh dac trung cua bun hat va cac
phuong phéap phén tich hién dai dé déng bo dir liéu voi cac nghién ciru qudc té vé bun
hat nhu phan tich thanh phan EPS trong bun hat, tinh ky nudc, phan tich sy hién dién
ctia vi sinh vat trong bun hat bang kinh hién vi huynh quang v&i dau do lai ghép tai chd
(FISH), realtime gPCR, dé chirng minh vé dong hoc héa sinh tryc tiép lién quan dén cac
vi khuan Defluviicoccus (GAO) va PAOs trong viéc sit dung VFA, ciing nhu danh gia
su anh huong cta nhiét do ddi véi sy phat trién cac vi khuan GAO/PAO trong cac qué
trinh xur Iy nudce thai do thi.
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11. Summary of the new findings of the thesis
11.1. Objectives: This research aims to improve the efficiency of SBR technology
through solutions for developing granular microbial biomass to simultaneously treat
organic pollutants (COD) and nutrients (N, P) in specific municipal wastewater in
Vietnam, intended to reuse.
11.2. Research objects: (i) Lab-scaled SBR systems for wastewater treatment; (ii)
Granular microbial sludge and supporting additives for granular sludge development
such as rice husk biochar (RHB), granular PVA gel, stored granular sludge; (iii)
Municipal wastewater.
11.3. Research methods: (i) Literature review method; (ii) Experimental method on
lab-scaled SBR systems; (iii) Monitoring and analysis of parameters on environment,
water, sludge qualities and microorganisms; (iv) Methods for processing, analyzing,
synthesizing, and comparing research data.
11.4. Key results and new contributions: (i) Clarifying the process of granular sludge
formation from sludge flocs with the support of RHB additive, such as its role in
granulation, protecting microorganisms under high selective hydraulic pressure,
stimulating mineralization frameworks to increase granule strength, thereby
contributing to improving the efficiency of SBR technology; (ii) Successfully testing
self-made PVA/NaNO3 gel granules with porous structure, high strength and elasticity,
and rapid settling ability as a biocarrier in SBR systems to develop immobilized biofilms
instead of microorganisms having to self-granulation as in aerobic granular sludge; (iii)
Demonstrating that aerobic granular sludge can be refrigerated for years and has the
ability to recover microbial activity to perform wastewater treatment functions when
reactivated in the SBR system.
11.5. Scientific and practical significance
- Scientific significance: The research results of this project will contribute to the

theoretical basis of biological wastewater treatment methods using granular biomass in
SBR technology to improve the efficiency of municipal wastewater treatment compared
to traditional SBR technology using conventional activated sludge, with different
granular biomass types: (i) granular biomass formed by microorganisms self-

w



agglomerating from stored seed sludge with the support of RHB additive, creating
modified aerobic granular sludge with biochar additive; (ii) granular biofilm formed by
microorganisms growing and immobilizing on self-created PVA gel biocarrier; (iii)
aerobic granular sludge reactivated from long-term cold-stored seed granular sludge.

- Practical significance: (i) Scientific research results can be used as a reference
for designing and operating granular biomass SBR technology for treating municipal
wastewater using the sequential batch principle at larger scales such as pilot or full-scale
applications; (ii) The use of biochar from rice husks, an agricultural byproduct, as an
additive to support the development of aerobic granular sludge, the self-created PVA
gel biocarrier for the development of fixed biofilms, and the reactivation of stored
granular sludge have contributed to the localization of granular biomass development
solutions, mastering SBR technology in the flexible application of different biomass
forms for wastewater treatment, combining resource recovery, and promoting the
circular economy as a strategic direction to ensure water security in the context of
climate change.

11.6. Conclusions

- The thesis comprehensively investigated various granular sludge development
solutions applicable to SBR systems for municipal wastewater treatment. According to
the first solution, granulation using a rice husk biochar additive (at a biochar-to-sludge
mass ratio of 1:2), where aerobic granules embedded with dispersed biochar particles
within their morphology and structure were successfully formed by the fifth day of SBR
operation. The biochar-augmented granules reached sizes up to 4-5 mm, increasing the
settling velocity by approximately 5-fold compared to conventional activated sludge,
which allows for a reduction in the footprint of settling tanks in treatment plants. For the
second solution, the synthesis of PVA gel carrier beads was conducted via a formulation
consisting of 50 g PVA and 10 g NaCsH7Os dissolved in 0.5 L of water, which was
subsequently dropped into a NaNOz and CaCl; solution for cross-linking. The resulting
PVA gel carrier beads were uniform, spherical, white, elastic, and mechanically robust.
After 5 weeks of continuous SBR operation, the PVA gel beads exhibited no cracking,
settled rapidly, accumulated an attached biomass density of 0.4 g TSS/g bead, and
achieved a settling velocity of 56 mm/s.

- For the SBR system operating with biochar-augmented granular sludge, organic
and nutrient removal efficiencies remained highly stable at 97.8% for COD, 100% for
NH4*-N, and 35% for PO4* -P when treating typical municipal wastewater with influent
characteristics of COD: 370 pm 20 mg/L, NH4*-N: 25 pm 0.2 mg/L, and total nitrogen
ranging between 35-40 mg/L. For the SBR system utilizing PVA gel beads, the
wastewater treatment efficiency was also high, reaching 88% for TSS, 90% for COD,
and 92% for NH4*. The thesis also demonstrated the feasibility of long-term storage for
granular sludge. The reactivation period typically required approximately 2 weeks in a
column-type SBR. The start-up operation required a gradual increase in hydraulic
selection pressure (stepwise reduction of settling time from 40 minutes down to 3
minutes) to progressively restore microbial activity. Following reactivation, substrate



removal efficiencies for synthetic wastewater showed an increasing trend over time,
averaging 86% for COD, 83% for NH4*, and 86.7% for PO4>".
12. Future research directions (Recommendations)

- Future studies should involve testing with real wastewater under diverse
operational scenarios to optimize the simultaneous removal of C, N, and P, thereby
validating the scalability and feasibility of Aerobic Granular Sludge (AGS) in SBR
technology under full-scale conditions in Vietnam.

- Incorporate advanced analytical techniques to characterize the granular sludge
properties and align datasets with international research standards. This includes
analyzing extracellular polymeric substances (EPS) composition, surface
hydrophobicity, and mapping microbial community structures using Fluorescence In-
Situ Hybridization (FISH), real-time gPCR, etc. Such methods will provide direct
evidence of the biochemical kinetics related to Accumulibacter (PAOs) and
Competibacter/Defluviicoccus (GAOs) regarding volatile fatty acid (VFA) uptake,
alongside assessing the impact of temperature fluctuations on the competition and
growth of GAO/PAO communities in municipal wastewater treatment.
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