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PAT VAN PE

Than bun 1a mot loai tram tich hitu co tich Ity tai tﬁng mat dat,
hinh thanh chu yéu tir qua trinh phan hity khéng hoan toan ciia tan du
thyc vt dudi diéu kién yém khi kéo dai. Loai vat chat nay thuong
phan bd ¢ cac hé sinh thai 1 ngép nude nhu dam lay, vung dat triing hay
cac bai than bun. Cac mau than bun c6 dic trung cau triic mém, toi
xop va min; muc do phan giai hitu co gia tang theo do sau khai thac,
phan anh qua trinh bién ddi vat chét hiru co dudi tac dong cua thoi
gian va moi truong khir oxy. Nho giau thanh phan hitu co (humic acid,
fulvic acid, lignin, cellulose, phenolic...).

P vua la nguyén t6 can thlet d6i v6i cay trong, nhung dong thoi
lai 1a nguyén t6 gdy 6 nhidm ngudn nudc mat khi bi rira trdi vao cac
thity vue. Hau hét (95-99%) luong P trong dat nhiét déi ton tai dudi
dang P hitu co va v6 co, chiung dugc giai phong hoa tan vao dung dich
dat rat cham [3]. 1-5% luong P con lai ndm & cac phirc hop hiru co
khoang khi cac nhém humic va fulvic lién két chat ché véi cac hop
chat sat hodc nhom trong dat [4].

Trong luan 4n nay chung t6i chon dé tai: “Nghién ciru tong
hop, teng dung chim lwong tir carbon va phin bén nano phosphorus
tiv than bun tai thanh pho Hué”, myc tiéu dit ra 13 phat trién hai
huéng ing dung song song tir than bun: (i) didu ché carbon chdm
lugng tir (CQDs) cho cac ing dung trong phan tich dién hoa; va (ii)
diéu ché phan bon nano két hop dich chiét than bun véi phosphorus
dang nano, img dung cho cay dua ludi va cdy lac. Nghién ctru khong
chi gop phan khai thac hiéu qua ngudn tai nguyén ty nhién sin c6 ma
con hudng dén cac giai phap bén viing trong néng nghiép va ky thuat
phan tich hién dai.

Céu tric ciia Lun 4n gdm:

- bt van d¢;

- Chuong 1: Téng quan tai liéu;

- Chuong 2: Muc tiéu, ndi dung va phuong phap nghién ctru;
- Chuong 3: Két qua va thao luan;

- Két luén;

- Danh muc c4c cong trinh cong bd lién quan dén luan an;

- Tai liéu tham khao.



Chuong 1
TONG QUAN TAI LIEU

1.1. THAN BUN
1.1.1. Téng quan than bin

Than ban 12 mot loai trdm tich hitu co tich liy o tﬁng mat dt,
duogc hinh thanh chu yéu tir qua trinh phan hay khong hoan toan cac
tan du thyc vat dudi diéu kién yém khi kéo dai, thuong gap ¢ cac hé

sinh tha1 ngap nuoc nhu’ dam 14 Vung dét triing, hodc bai than bun.
7&, g~

Hinh 1.1. Khdo sit mé than bin tai phieong Phong Quang, Tp Hué

1.1.2. Tinh chét vat 1y va héa hoc ciia than bun

Than bun chita khoang 65% la cac chat hitu co duogc phéan hiy
tir xdc thyc vat; Chira humic acid va fulvic acid ¢6 vai tro quan trong
cho sur phat trién tot ctia cay, humic acid va min tao nén mau sac dic
trung tir nau dam dén den cho than bun. Thanh phan héa hoc cua than
mun kha phong phu, gdm cac nguyén t6 khoang khac nhau, thong
thuong la C, H, N, O, S. Ngoai ra, chira cac chét trung - vi lugng khac
nhu: Fe, Si, Ca, Mg, K,...
1.1.3. Humic acid

Humic acid 12 mot thanh phan chinh cta céc chat mun, do 1a
nhitng hop chét hitu nén tang céu tao nén dat mau md, duy tri va ting
d6 phi nhiéu cho dit. B6 sung thém humic acid gitp dét ting kha ning
giit chat dinh dudng, gitt nude. Bén canh d6 humic acid con 12 ngudn
thirc dn cho cac sinh vt c6 loi trong dat, gitp dat phan giai cac chat
hitu co.
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Hinh 1.2. Minh hoa vé mét humic acid dién hinh, ¢é mét loat cdc
thanh phan nhw quinon, phenol, catechol va cdc nita dieong
1.1.4. Cac ing dung ciia than bun hién nay
1.2. CARBON CHAM LUONG TU (CQDS) VA UNG DUNG
PHAT TRIEN PIEN CU'C PE PHAN TiCH PIEN HOA
1.2.1. Nguyén ly phén tich dién héa
1.2.2. Téng hop CQDs
1.2.3. Ung dung CQDs dé phit trién dién cwc phéan tich
Theophylline ‘
1.3. TONG QUAN VE PHAN BON NANO
1.3.1. Khai niém va dic diém
1.3.2. Phan lan nano
1.4. GIOI THIEU VE CAY DUA LUOI VA CAY LAC
1.4.1. Dwa lwéi (Cucumis melo L.)
1.4.2. Cay lac hay dau phong (4rachis hypogaea 1.)



Chuong 2
MUC TIEU, NOI DUNG VA PHUONG PHAP NGHIEN CUU

2.1. MUC TIEU

Téng hop dugc mot sb vt liéu trén co s& than bun thanh phé
Hué gia tri tmg dung trong phan tich dién hoa va nong nghiép
2.2.NOI DUNG

- Nghién ctru tong hop carbon chdm luong tir tir than bun ty
nhién va ung dung bién tinh dién cuc xac dinh Theophylline.

- Nghién ctru tong hgp hé phén tan nano hitu co tir than bun va
xuong dong vat.

- Ung dung 1am phan 1an nano hitu co cho cay dua ludi va cay
lac.
2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Pho hép thu tir ngoai - kha kién
2.3.2. Hién vi dién tir quét
2.3.3. Nhiéu xa tia X
2.3.4. Pang nhiét hap phy-giai hap phu nitrogen
2.3.5. Pho tan sac nang luong tia X
2.3.6. Phd tan xa Raman
2.3.7. Hién vi dién tir truyén qua
2.3.8. Quang phd huynh quang
2.3.9. Phuong phap voltametry hoa tan
2.4. THUC NGHIEM
2.4.1. Hoa chit
2.4.2. Piéu ché carbon cham lrgng tir tir than bun va tng dung
phat trién dién cwe phén tich theophylline trong dwgc phim
2.4.3. Diéu ché Hydroapatite Nanoparticles (HANPs), Humic Acid
Extracts (HEs), Water Soluble Chitosan (WSC) va Phian bén
nano-P va &rng dung lam phan lan cho cay dwa lwéi va cay lac
2.4.3.1. Diéu ché HANPs, HEs, WSC va Phin bén nano-P

Xuong bo sach dugc siy khd qua dém trong 10 & 80 °C. Xuong
kho, dugc nghién thanh kich thudc hat trong pham vi vai trim mm,
duogc dat trong mot chén st co nép day va dugc nung (calcined) trong
3 gid ¢ cac nhiét do khac nhau (300, 500, 650, va 800 °C). Chat rin
thu duoc da dugc nghién dé 1y cac bot min HANPs (ky hiéu 1a CB -
xuong bo ban dau, CB-300, CB-500, CB—650, va CB—800, trong do
con s biéu thj nhiét d6 nung).



Céac HEs (dich chiét humic) da duoc chiét xuét tir than bun str
dung mot phuong phép chiét kiém da duoc diéu chinh (modified alkali
extraction method), nhu d3 dugc mo ta bdi Zhang va cong su.l?s) Tom
tit: 10 g than bun thd duoc hoa tan trong 200 mL dung dich
KOH 0.1 M. Hon hop dugc khuay bang may khudy tir. Cac HEs trong
huyén phu d duoc tach khoi phan ran (gém humin va tap chat v co)
bang phuong phap ly tdm (centrifugation). Huyén phu nay dugc ky
hi¢u la HEs.

WSC (Chitosan tan trong nudc) da duoc chuan bi theo hudng
dan. Céan 2 g chitosan va sau d6 thém 2.5 mL acid lactic va 2.5 mL H2
02 (Hydrogen peroxide). Bua tong thé tich 1én 100 mL. Khudy trong
3 gio va de yén trong 7 nga'y dé thu duoc WSC (Chitosan tan trong
nuée) & nong d6 20.000 ppm.

Tron WSC stabilized HANPs (hat nano hydroxyapatite da dugc
6n dinh bang WSC) va HEs (chiét xuat humic) trong khi khudy véi ty
1¢ mong mudn va diéu chinh pH dén 9 trong 1 gid & 50 °C dé thu duoc
huyén phti 6n dinh dwoc goi 1a phan bén nano-P.
2.4.3.2. Thir nghi¢m phdn bon nano-P trén cdy dwa lwoi

a) Thoi gian thyue hién: 12/8/2024 dén 15/10/2024.

b) Dién tich: 500 m%*mé hinh x 2 m6 hinh (01 mo hinh thir
nghiém va 01 mé hinh ddi chimg).

~ ¢)bia diém: Nha vuon Vinh Hung, xa Vinh Loc, thanh phd
Hué.
2.4.3.3. Thir nghiém phdn bon nano-P trén cdy lac

a) Thoi gian thuc hién: 20/01/2025 dén 10/5/2025.

b) Dién tich: 500 m*mo hinh x 2 m6 hinh (01 md hinh thu
nghiém va 01 mo hinh ddi chimg).

c) Dia diém: Hop tac xa san xuat va ché bién ndng san Quang
Phu, thon Bac Vong Dong, xa Quang Phu, huyén Quang Pién, Tp Hué.



) Chuong 3
KET QUA VA THAO LUAN

31. PHUONG PHAP XAC DINH DIEN HOA 13-
DIMETHYLXANTHINE TRONG VIEN NEN DUQC PHAM
BANG PIEN CU'C CARBON THUY TINH BIEN TINH CHAM
LUQNG TU CARBON CO NGUON GOC TU THAN BUN

3.1.1. Pac trung cia vit liéu
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Hinh 3.1. Gidn do nhiéu xa tia X (XRD) ciia (a) than bin va (b)
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Hinh 3.2. Phé Raman (a) va HMA (b)



25000

20000

15000

Cuong df (a.u.)

10000

5000

0 T T T ————
400 450 500 550 600 6t

Buéc song (nm)

800000

600000

400000

Dj hip thu (a.u.)

Cuimg dé (a.u)

200000

350 400 450 500 550 600 650 700 200 300 400 500 600 700 80

Buréc song (nm) Bute sing (nm)
udc song (nm)

Hinh 3.3. (a) Anh chup ky thudt s6 cia cdc mau CODs véi cdc nong dé
HMA khdc nhau: chiéu sang bang dnh sang tring (trén) va chiéu sing
bang dnh sang tir ngogi véi budc song 254 nm(dwoi), (b) Phé quang
phat quang (PL) ciia céc dung dich véi nong dé HMA khdc nhau, (c)
Phé quang phat quang (PL) cia cdc dung dich HMA dueoc kich thich
bang cdc buée séng khdc nhau, (d) Phé tir ngogi-kha kién (UV-Vis) ciia
cdc dung dich véi nong dp HMA khéc nhau.



Hinh 3.4. Anh hién vi dién tir truyén qua d¢ phdn gidi cao (HR-
TEM) cua CQODs voi cac do phan gidi khdac nhau (CQDs-4) ¢ (a) 600
Kva (b) 200 K
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Hinh 3.5. Pho EDX phdn bo nguyén tu cua CODs-4: (a) Anh dién
ur, (b) Nguyén to C, (c) Nguyén to O, (d) Nguyén 16 Al, (e) Neuyén to
Si, (f) nguyén té S, (g) Nguyén to K; (h, 1) Phé XPS ciia CODs-4 doi

véi nguyén té C va O



3.1.2. Xac dinh TPL bang phwong phap voltammetry dung dién
cwce bien tinh bang CQDs (CQDs/GCE)
3.1.2.1. Ddc trung dién hoa cia TPL tai cdc dién cwc khdc nhau
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Hinh 3.6. (a) Gidn do CVs ciia 50 uM TPL tai OCDs/GCE va (b)
Cuong do dong dinh tai dién cuc CODs/GCE. (Toc afé quét: 100
mV/s™'; dung dich dém BR 0.1 M pH=3) (Thanh sai so ciia ba phép
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Hinh 3.7. (a) Gian d6 CVs ciia 50 uM TPL tai dién cwe CODs-
4/GCE trong dung dich dém BR (pH 2-9), (b) Biéu do cét ciia cuong
dé dong dinh & cdc gid tri pH khdc nhau, (c) Po thi tuyén tinh ciia
thé dién dinh va pH
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Hinh 3.8. (a) Gidn do CV ciia 50 uM TPL trong dung dich dém 0.1 M BR
(pH 2.0) véi toc dé quét tir 0.05 - 0.40 V.s™; (b) P6 thi tuyén tinh ciia cwong
do dong dinh, 1, voi can bdc hai cua téc do quet, V72 (c) Do thi tuyén tinh

clia cwong dg thé dinh véi logarit tir nhién ciia toc dé quét; (d) Phé tir ngogi-
kha kién (UV-Vis) ciia 50 uM TPL trong dung dich dém 0.1 M BR 6 pH=3
trudc va sau qud trinh dién phan
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So' do 3.1. Co ché oxy héa kha thi ciia TPL tai dién cuc bién tinh
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Hinh 3.9. (a) Céc dwong cong DPV véi cdc nong dé TPL khéc nhau
(Néng do Crpp tir 1,57 - 51,65 uM) tai dién cuc CODs-4/GCE trong
dung dich dém 0,1 M BR (pH=3) va (b) dé thi tuyén tinh ciia cuong do

dong dinh véi nong @ TPL.
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Hinh 3.10. (a) Cuong do dong dinh cua 10 uM TPL trén cac dién cuc
khac nhau (CQDs-4a, CQDs-4b, CODs-4c/GCEs) trong dung dich



dém 0,1 M BR & pH 3 (ba phép do lién tiép); (b) Cuong dé dong dinh
trung binh (1) cua 2,5, 5, 10 va 20 uM TPL trong dung dich dém 0,1
M BR 6 pH 3 (muoi phép do lién tiép); (c) Cuong do dong dinh (1)

cua 20 uM TPL trong dung dich dém 0,1 M BR o pH 3 trong bay ngay

dé kiém tra dé on dinh dai han; (d) Cuwong dg dong dinh ciia bay dién

cwe CODs-4/GCE duoc ché tao theo ciing mét quy trinh.

3.2. TONG HQP CAC NANO HYDROXYAPATITE/CHIET

XUAT HUMIC (NANO P/HES) TU THAN BUN VA XUONG BO

LAM PHAN LAN NANO HU'U CO

3.2.1. Hydroxyapatites (HAP) tir mdt s6 xwong dong vat
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Hinh 3.11. Gian d6 XRD ciia: a) Xwong Trdu; b) Xwong Lon va c)
Xuwong Dé nung o nhiét do 300, 500, 650 °C
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Hinh 3.12. Gian do phan tich nhiét TG DSC ciia a) Xuwong trdu; b)
Xuong lon; c) Xuong dé

Hinh 3.12 trinh bay so d¢6 TG/DSC ctia mot sd loai xuong.
Hinh 3.12a TG/DSC cua xuong trau gdm ba giai doan phan huy
nhiét chinh duoc quan sat thdy: Pau tién 1a qua trinh thu nhiét, xay
ra & nhiét d¢ tir 25-250 °C tuong ung véi qua trinh giai hap phu
nuée khoi bé mit mau voi su giam khéi lugng khoang 8,27 %; khi
nhiét d6 tang tir 250-500 °C, khéi lugng giam dén 24,05 % va co
peak toa nhiét tai peak 329,8 °C 1a do sy phan haty cac chat hitu co
nhu collagen... ; khi nhiét 0 16n hon 500 °C thi sy gidm khdi luong
khong dang ké va duoc xem 1a HAP chiém ty 1& 67,7%. Hinh 3.12b



TG/DSC cua xuong lon gdm ba giai doan phan huy nhiét chinh
dugc quan sat thiy: Dau tién 1a qua trinh thu nhiét, xay ra ¢ nhiét
d6 tir 25-250 °C twong tng v6i qua trinh giai hip phu nude khoi bé
mit miu voi sy giam khéi lwong khoang 11,44 %; khi nhiét do ting
tir 250-500 °C, khéi lugng giam dén 30,66 % va co peak toa nhiét
tai peak 379,11 °C la do su phan hay cac chéat hitu co nhu
collagen...

Hinh 3.13. Anh SEM ciia than xuwong 0 cdc nhiét do khac nhau 300 C,
500°Cva 650 C cua a) Xuong trau, b) Xuong lon, ¢) Xuong dé
Nghién ctru cho thdy da sé xuong ciia cac loai c6 pha tinh thé
chinh trong xuong la HAP vdi cong thire chung 1a Cas(POs)3(OH).



Gian d6 phan tich nhiét TG/DSC xac dinh thanh phan HAP xuong
trau cao nhat 1a 67%, xuong lon 1a 58% va xuong dé thap nhat la
48%.
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Hinh 3.14. Phé EDX cia than xwong nung ¢ nhiét do 500 °C ciia; a)
. Xuwong trau, b) Xuong lon; ¢) Xuong dé
3.2.2. Tong hgp nano hydroxyapatites (HANPs) tir xwong bo
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Hinh 3.15. a) Gian d6 TG/DSC; b) Gidn do nhiéu xa tia X ; ¢)
Puong ddng nhiét hdp phu/gidi hdp nito ; va d) Phé EDX ciia xirong
bo.

Hinh 3.15a trinh gian d6 TG/DSC cta xuong bo. Ba giai doan
phan hity nhiét chinh ciia xwong bo di dugc quan sat. Giai doan dau
tién 1a mot qua trinh thu nhiét xay ra ¢ nhiét d¢ 25-250 °C, twong ng
v6i sur giai hap nudc (water desorption) tir bé mat mau dan dén giam
khdi lwong khoang 7.91 %. Su giam khdi lugng tiép theo, khoang
26.94 % trong pham vi 250-500 °C, lién quan dén hai qua trinh toa
nhiét tai 353.4°C va 436.4 °C, gbp phan vao su phan huy chét hitu co,
nhu collagen va c6 thé 1a cac thanh phan khac dugc tim thiy trong
xuong. Phan du khoang 65.2%, dugc quy cho 13 hydroxyapatite. Cac

Energy [keV]



phé nhiéu xa tia X (XRD) cua ca xuong bo thd va xuong bo duge nung
& cac nhiét do khac nhau déu thé hién cau truc tinh thé lyc giac va
nhom khong gian P 63/m cua hydroxyapatite, theo dir liéu JCPDS

IMS-NKL 5 0KV 5 Smm x100k SEM ‘ C " 5000m
Hinh 3.16. Quan sat SEM cua: a) Xuwong bo thé ; va b) Hydrochar
xuwong bo dwoc nung ¢ 300 °C, ¢) 500 °C, d) 650 °C, va e) 800°C
3.2.3. Piac trung héa HANPs/WSC (hat nano



hydroxyapatite/Chitosan tan trong mro’c) va Phén bén Nano-P
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Khéi Iwgng HANPs phan tan trong nén WSC (

Khé qung HANPS ban dﬁu dwa éo WSC (g)

Hinh 3.17. a) M6i quan hé giita lu’ong HANPs ban dau va lwong
HANPs phan tan (dispersed) trong WSC; b) Dung dich chitosan tan
trong nuoc (01) va huyén phit HANPs duoc on dinh bang WSC (02);
va ¢) Anh hién vi dién tir truyen qua do phan gidi cao (HR-TEM) cua

HANPs duwoc on dinh bang WSC (100 mL dung dich 20 g.L—1), vd
hinh dnh thu nhé trinh bay phdn bé kich thuée hat HANPs trong
HANPs dmfc on dinh bane WSC

Hinh 3.18. a) Anh huong ciia pH 1én sw ling dong ciia HEs (Chiét
xudt Humic), b) Hon hop HANPs va HEs (1); phan ran tach ra tir
HANPs/HEs sau 2 ngay (2), ¢) Hon hop HANPs dwoc 6n dinh bang
WSC va HEs vi ty Ié thé tich 3/7 & cdc mirc pH khdc nhau

Mot hén hgp HANPs dugc 6n dinh bang WSC va HEs theo ty
1& thé tich 3/5 véi cac mic pH khac nhau di duoc thuc hién. Cac phan
bon nano-P tré nén 6n dinh khéng cé sy ling dong & pH>9, nhu thé
hién trong Hinh 3.18c.
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Hinh 3.19. Phé nhiéu xa tia X ciia: a) Than bun (peat) b) HEs
(Chiét xudat Humic) va HANPs dwoc on dinh bang WSC/HEs (3/7) ¢
dang huyén phui, ¢) HEs va HANPs dwoc on dinh bang WSC/HEs
(3/7) & dang ran va d) Anh hién vi dién tir truyén qua dé phén gidi
cao (HR-TEM) ciia HEs va HANPs dwoc on dinh bang WSC/HEs
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Hinh 3.20. Phan tich X-quang tan sdc nang heong - Ldp ban do
nguyén to cua vat liéu composite
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Hinh 3.21. Phé XPS (XPS) ¢ do phan giai nang luwong cao trén phdn
bon nano-P tai nhiét do phong, hién thi: a) Cac dinh C Is, b) O Is,
¢) Ca2p, d) P2p, e) K 2p va cac dinh phu hop tuong ung




3.3. UNG DUNG PHAN NANO-P VAO MOT SO CAY NONG NGHIEP
3.3.1. Anh huéng ciia phéin bén nano-P Ién sy sinh truéng va ning
suat cua dua ludi

Hinh 3.22. a) Cdy dva ludi ( Cantaloupe plants) moc tir hat ndy mam
(germinating seeds) dwoc 3 ngay tuoi, b) Sau 10 ngay, ching dwgc
tdach ra va trong trong chdu nhua, ¢) Cdy dwa hedi sau khi loai bé
qua, chi dé lai mot qua duy nhdt, d) Cay dwa heéi san sang dé thu

hoach dwoc trong theo cong thirc théng thiwong (regular formula) cé

ap dung phan bon nano-P
Phén bén Nano-P da dugc phat trién, bao gdom HANPs (hat
nano hydroxyapatite) dugc 6 6n dinh bang chitosan tan trong nu6c va
cac chat humic (humic substances) dugc chiét xuat tir than bun. Cac

HANPs, v6i duong kinh xap xi 5-30 nm, dugc phén tan hi€u qua va

bén viing trong chiét xuat humic bang cach st dung chitosan tan



trong nudc nhu mot chat tao huyen phu. Loai phan bon nay cai thién
dang ké chat luong dua ludi vé mit tong lugng dudng, trong lugng
qua va nang luong so véi cac mau ddi ching. Viée sir dung HANPs
va HEs nhu mét dang phén bon phot pho mdi c6 thé ting cuong nang
suat ciy trong dong thoi giam thiéu rai ro pht dudng héa ngudn
nudce. Cach tlep can nay m¢é ra canh ctra cho viéc tao ra phan bon
nano vi oxide thong qua cau ndi chitosan lién két cac oxide nay véi
céc chat humic. Nghién ctru trong twong lai nén tap trung vao cac thir
nghiém thyc dia dai han, co ché tuong tac gitta HANPs va dat, cung
v6i anh hudng cta chiung dén hoat dong cua vi sinh vat va enzyme.
3.3.2. Ung dung phén lin vao ciy lac

Phén boén nano diéu ché da anh huong dén su sinh truong cia
cdy lac gdbm thoi gian moc mam, canh cip 1, ra hoa; thoi gian sinh
truong; su phat trién cia sdu bénh va ning suit cua cay lac.



KET LUAN

(i) P4 tong hop thanh c6ng chdm lugng tir carbon (CQDs) tir
humic acid c¢6 nguén gdc tir than bun ty nhién bang phuong phap mot
ndi than thién voi méi truong. Cac CQDs thu duoc co kich thudc nano
ddng déu, phan tan t6t trong nudc va mang nhiéu nhom chire chira oxy
trén bé mat, tao tién dé thuén 191 cho cac ung dung trong linh vyc dién
hoa.

(i) Pa tmg dung thanh c6ng CQDs lam vat liéu bién tinh dién
cuc dé xac dinh theophylline bang phuwong phap dién hoa. Pién cuc
CQDs thé hién hoat tinh xtc tac dién tot d6i voi qua trinh oxy hoa
theophylline, 1am ting déng ké cuong d6 dong dinh so véi dién cuc
nén. Nghién ctru di xac dinh qué trinh oxy héa theophylline 1a qua
trinh bat thuan nghich c6 sy tham gia cua hai electron va hai proton.
Phuong phap duoc phat trién c6 kha ning Gmg dung thuc tién trong
phan tich dugc pham véi d6 thu hdi cao va do tin ciy tot.

(iii) P4 diéu ché thanh cong phan bon nano phospho (Nano-
P) trén co s& cac hat nano hydroxyapatite (HANPs) c6 ngudn gdc tir
xuong dong vat (bo, dé, trau va heo), dugc on dinh béi chitosan tan
trong nudc va cac chat humic chiét xuét tir than bun. Cac HANPs ¢6
kich thudc khoang 5-30 nm, phan tan 6n dinh trong méi truong humic,
tao thanh hé phan bon nano ¢o tiém ning cung cip phospho hiéu qua
cho cdy trdng, dong thoi gop phan giam thét thoat dinh dudng va han
ché nguy co phu dudng héa ngudn nudc.

(iv) b2 thtr nghiém thanh cong phén bon Nano-P trén cay dua

luéi va cdy lac tai thanh phd Hué. Két qua cho thdy Nano-P cai thién



dang ké sinh truong, ning suat va chét luong nong san. Doi véi cy
dua ludi, trong luong qua, ham luong dudng tong sb va gia tri ning
luong déu tang so voi ddi chung. bdi voi cay lac, sb qua, ) qua chic,
khoi luong qué va nang suét thu hoach duoc cai thién rd rét. Nhiing
két qua nay khang dinh tiém ning Gmg dung cta phan bén Nano-P
trong san xuat nong nghiép theo hudng hidu qua, an toan va bén vimng.

Nhin chung, nghién ctu da chirng minh kha nang khai thac
hiéu qua nguén than bun tu nhién dé ché tao cac vt liéu nano chirc
nang phuc vu ca linh vuc phan tich dién hoa va ndong nghiép cong nghé
cao, gop phan nang cao gia tri st dung ctia ngudn tai nguyén trong

nudc.
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INTRODUCTION

Peat is a type of organic sediment that accumulates on the soil
surface, primarily formed through the incomplete decomposition of
plant residues under prolonged anaerobic conditions. This material is
typically distributed in wetland ecosystems such as swamps, lowlands,
or peatlands. Peat samples are characterized by a soft, porous, and fine
structure; the degree of organic decomposition increases with the
excavation depth, reflecting the transformation of organic matter over
time under an oxygen-depleted environment. Due to being rich in
organic components (humic acid, fulvic acid, lignin, cellulose,
phenolic compounds, etc.).

Phosphorus (P) is an essential element for plant growth, but
simultaneously acts as a pollutant to surface water sources when
washed into aquatic bodies. Most (95-99%) of the P in tropical soils
exists in the form of organic and inorganic P, which are released and
dissolved into the soil solution very slowly [3]. The remaining 1-5%
of P resides in organic-mineral complexes, where humic and fulvic
groups are tightly bound to iron or aluminum compounds in the soil
[4].

In this dissertation, we selected the topic: "Research on
synthesis and applications of carbon quantum dots and
nano-phosphorus fertilizer derived from peat in hue

city". The set objective is to develop two parallel application
pathways from peat: (i) preparing carbon quantum dots (CQDs) for
electrochemical analysis applications; and (ii) preparing nano-
fertilizers that combine peat extracts with nano-structured phosphorus,
applied to cantaloupe and peanut plants. This research not only
contributes to the efficient exploitation of available natural resources
but also targets sustainable solutions in modern agriculture and
analytical techniques.
The structure of the Dissertation consists of:

e Introduction;

e Chapter 1: Literature Review;

e Chapter 2: Objectives, Contents, and Research Methods;

e Chapter 3: Results and Discussion;

e Conclusions;

o List of Published Scientific Papers Related to the Dissertation;



e References.



Chapter 1
LITERATURE REVIEW
1.1. Peat

1.1.1. Overview of Peat

Peat is a type of organic sediment that accumulates on the soil
surface, primarily formed through the incomplete decomposition of
plant residues under prolonged anaerobic conditions. It is commonly
found in wetland ecosystems such as swamps, lowlands, or peatlands

- L L
Figure 1.1. Survey of the peat mine in Phong Quang Ward, Hue City
1.1.2. Physical and Chemical Properties of Peat

Peat contains approximately 65% organic matter decomposed
from plant residues; it contains humic acid and fulvic acid, which play
a crucial role in the healthy growth of plants. Humic acid and humus
impart the characteristic dark brown to black color to peat. The
chemical composition of peat is quite diverse, consisting of various
mineral elements, typically C, H, N, O, and S. In addition, it contains
other secondary and micro-nutrients such as Fe, Si, Ca, Mg, K, etc.
1.1.3. Humic Acid

Humic acid is a major component of humic substances,
which are the fundamental organic compounds that constitute fertile
soil, maintaining and enhancing soil fertility. The addition of humic
acid increases the soil's capacity to retain nutrients and water.
Furthermore, humic acid serves as a food source for beneficial soil
organisms, aiding the soil in the decomposition of organic matter.



HOOC

Figure 1.2. lllustration of a typical humic acid, containing a variety
of moieties such as quinones, phenols, catechols, and sugar moieties
1.1.4. Current Applications of Peat
1.2. Carbon Quantum Dots (CQDs) and Application in Electrode
Development for Electrochemical Analysis

1.2.1. Principles of Electrochemical Analysis

1.2.2. Synthesis of CQDs

1.2.3. Application of CQDs in Electrode Development for

Theophylline Analysis
1.3. Overview of Nano-fertilizers

1.3.1. Concept and Characteristics

1.3.2. Nano-phosphorus Fertilizer
1.4. INTRODUCTION TO CANTALOUPE AND PEANUT
PLANTS

1.4.1. Cantaloupe (Cucumis melo L.)

1.4.2. Peanut or Groundnut (Arachis hypogaea L.)



Chapter 2
OBJECTIVES, CONTENTS, AND RESEARCH METHODS

2.1. OBJECTIVES

To successfully synthesize several materials derived from Hue
city peat with high application value in electrochemical analysis and
agriculture.
2.2. CONTENTS

To study the synthesis of carbon quantum dots from natural peat
and their application in electrode modification for the determination
of Theophylline.

To study the synthesis of organic nano-dispersion systems from
peat and animal bones.

To apply the synthesized materials as organic nano-phosphorus
fertilizers for cantaloupe and peanut plants.
2.3. RESEARCH METHODS
2.3.1. UV-Vis Absorption Spectroscopy (Phé hap thu tir ngoai - kha
kien)
2.3.2. Scanning Electron Microscopy (SEM) (Hién vi dién tir quét)
2.3.3. X-ray Diffraction (XRD) (Nhiéu xa tia X)
2.3.4. Nitrogen Adsorption-Desorption Isotherms (Pdng nhiét hdp
phu-gidi hdp phu nitrogen)
2.3.5. Energy-Dispersive X-ray Spectroscopy (EDX/EDS) (Phé tdn
sdc nang hrong tia X)
2.3.6. Raman Scattering Spectroscopy (Pho tdn xa Raman)
2.3.7. Transmission Electron Microscopy (TEM) (Hién vi dién tir
truyén qua)
2.3.8. Fluorescence Spectroscopy (Quang phé hupnh quang)
2.3.9. Stripping Voltammetry Methods (Phuong phap voltametry hoa
tan)
2.4. EXPERIMENTAL
2.4.1. Chemicals
2.4.2. Preparation of carbon quantum dots from peat and application
in electrode development for the analysis of theophylline in
pharmaceuticals
2.4.3. Preparation of Hydroxyapatite Nanoparticles (HANPs), Humic
Acid Extracts (HEs), Water Soluble Chitosan (WSC), and Nano-P
Fertilizer, and their application as phosphorus fertilizers for
cantaloupe and peanut plants



2.4.3.1. Preparation of HANPs, HEs, WSC, and Nano-P Fertilizer

Clean cattle bones were dried overnight in an oven at 80 °C. The
dried bones, crushed into a particle size range of a few hundred
micrometers ($\mu\text{m}$), were placed in a covered porcelain
crucible and calcined for 3 hours at different temperatures (300, 500,
650, and 800 °C). The obtained solid was ground to yield fine HANPs
powders (designated as CB for the raw cattle bone, and CB-300, CB-
500, CB-650, and CB-800, where the numbers indicate the calcination
temperature).

The HEs (humic extracts) were extracted from peat using a
modified alkali extraction method, as described by Zhang et al. [26].
Briefly, 10 g of raw peat was dissolved in 200 mL of a 0.1 M KOH
solution. The mixture was stirred using a magnetic stirrer. The HEs in
the suspension were separated from the solid phase (consisting of
humin and inorganic impurities) by centrifugation. This suspension
was designated as HEs. WSC (Water-Soluble Chitosan) was prepared
according to the guidelines. Weigh 2 g of chitosan and then add 2.5
mL of lactic acid and 2.5 mL of $\text{H} 2\text{O} 2$ (Hydrogen
peroxide). Bring the total volume up to 100 mL. Stir for 3 hours and
allow to stand for 7 days to obtain WSC (Water-Soluble Chitosan) at
a concentration of 20,000 ppm.

WSC-stabilized HANPs (hydroxyapatite nanoparticles stabilized
by WSC) and HEs (humic extract) were mixed under stirring at the
desired ratio, and the pH was adjusted to 9 for 1 hour at 50 °C to obtain
a stable suspension referred to as nano-P fertilizer.
2.4.3.2. Testing of nano-P fertilizer on cantaloupe plants

a) Implementation period: August 12, 2024, to October 15, 2024.

b) Area: 500 S$\text{m}”"2$/model $\times§ 2 models (01
experimental model and 01 control model).

c¢) Location: Vinh Hung Garden, Vinh Loc Commune, Hue City.
2.4.3.3. Testing of nano-P fertilizer on peanut plants

a) Implementation period: January 20, 2025, to May 10, 2025.

b) Area: 500 S$\text{m}"2$/model $\times§ 2 models (01
experimental model and 01 control model).

c¢) Location: Quang Phu Agricultural Production and Processing
Cooperative, Bac Vong Dong Hamlet, Quang Phu Commune, Quang
Dien District, Hue City.



Chapter 3
RESULTS AND DISCUSSION

3.1. Electrochemical Determination Method of 1,3-Dimethylxanthine
in Pharmaceutical Tablets Using a Glassy Carbon Electrode Modified
with Peat-Derived Carbon Quantum Dots

3.1.1. Characterization of Materials
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Figure 3.1. X-ray diffraction (XRD) patterns of (a) peat and (b)
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Figure 3.2. Raman spectra of (a) peat and (b) HMA
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Figure 3.3. (a) Digital photographs of CODs samples prepared with
different concentrations of HMA under white light illumination (top)
and ultraviolet (UV) light illumination at a wavelength of 254 nm
(bottom), (b) Photoluminescence (PL) spectra of solutions with different
HMA concentrations; (c) Photoluminescence (PL) spectra of HMA
solutions excited at different wavelengths, (d) Ultraviolet-visible (UV-
Vis) spectra of solutions with different HMA concentrations.



Figure 3.4. High-resolution transmission electron microscopy (HR-
TEM) images of CODs at different magnifications (CQODs-4) at (a)
600 K and (b

oz 24 2 28 20 22 24 26 g o B B B
Binding energy (eV)

Binding energy (eV)

Figure 3.5. EDX elemental mapping images of CODs-4: (a) Electron
image, (b) C element, (c¢) O element, (d) Al element, (e) Si element,
() S element, (g) K element, (h, i) XPS spectra of CODs-4 for C and



3.1.2.1. Electrochemical characteristics of TPL at different electrodes
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Figure 3.6. (a) CVs of 50 uM TPL at CODs/GCE and (b) Peak
current intensity at the CODs/GCE. (Scan rate: 100 mV s™; 0.1 M
BR buffer solution, pH = 3) (Error bars from three measurements).
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Figure 3.7. (a) CVs of 50 uM TPL at the CODs-4/GCE in BR buffer
solution (pH 2-9), (b) Bar chart of peak current intensity at different
pH values; (c) Linear plot of peak potential versus pH.
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intensity, I,, versus the square root of the scan rate, v'; (c) Linear plot of
peak potential versus the natural logarithm of the scan rate; (d) Ultraviolet-
visible (UV-Vis) spectra of 50 uM TPL in 0.1 M BR buffer solution at pH =
3 before and afier electrolysis

o) o)
OH
HsC HsC
~N ~
N NH N NH
)\ | +H,0 — +2H* + 2e
P 7
o N N o N N

| | OH
CH, CHs

Scheme 3.1. Proposed oxidation mechanism of TPL at the modified
electrode.
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Figure 3.9. (a) DPV curves with different TPL concentrations (Crpr to
1,57 - 51,65 uM) at the CODs-4/GCE in 0.1 M BR buffer solution (pH
= 3) and (b) linear plot of peak current intensity versus TPL
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Figure 3.10. (a) Figure 3.10. (a) Peak current intensity of 10 uM TPL
at different electrodes (CQDs-4a, CQDs-4b, CQDs-4c/GCEs) in 0.1 M
BR buffer solution at pH 3 (three consecutive measurements), (b)
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Average peak current intensity (I,) of 2.5, 5, 10, and 20 uM TPL in 0.1
M BR buffer solution at pH 3 (ten consecutive measurements), (c)
Peak current intensity (I,) of 20 uM TPL in 0.1 M BR buffer solution
at pH 3 over seven days for long-term stability testing; (d) Peak
current intensity of seven CQDs-4/GCEs fabricated under the same
procedure.

3.2. SYNTHESIS OF NANO-HYDROXYAPATITE/HUMIC
EXTRACT (NANO-P/HES) FROM PEAT AND BOVINE BONES
AS ORGANIC NANO-PHOSPHORUS FERTILIZERS

3.2.1. Hydroxyapatites (hap) from various animal bones
a) Buffalo bon b) pig bone
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Figure 3.11. XRD patterns of: a) buffalo bone, b) pig bone, and c)
goat bone calcined at temperatures of 300, 500, and 650 °C.
a) Buffalo bon
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Figure 3.12. TG/DSC thermal analysis curves of a) buffalo
bone, b) pig bone, and ¢) goat bone.

Figure 3.12 presents the TG/DSC curves of several types of
bones. In Figure 3.12a, the TG/DSC analysis of buffalo bone shows
three main thermal decomposition stages: First, an endothermic
process occurring in the temperature range of 25-250 °C,
corresponding to the desorption of water from the sample surface with
a weight loss of approximately 8.27%; as the temperature increases
from 250 to 500 °C, the weight decreases by up to 24.05% with an
exothermic peak observed at 329.8 °C, which is attributed to the
decomposition of organic substances such as collagen...; when the
temperature exceeds 500 °C, the weight loss is negligible, and the
remaining portion is considered to be HAP, accounting for 67.7%. In
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Figure 3.12b, the TG/DSC analysis of pig bone also exhibits three
main observed thermal decomposition stages: First, an endothermic
process occurring at 25-250 °C, corresponding to the water desorption
from the sample surface with a weight loss of about 11.44%; when the
temperature rises from 250 to 500 °C, the weight drops by up to
30.66% with an exothermic peak at 379.11 °C due to the
decomposition of organic matters such as collagen

Figure 3.13. SEM images of bone char at different temperatures of 300
°C, 500 °C, and 650 °C of a) buffalo bone, b) pig bone, and c) goat bone

The study indicates that for most animal bones, the primary
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crystalline phase is HAP, with the general formula of
Cas(PO4)3(OH). TG/DSC thermal analysis curves determined that
the HAP content is highest in buffalo bone at 67%, followed by pig
bone at 58%, and lowest in goat bone at 48%.
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Figure 3.14. EDX spectra of bone char calcined at 500 °C of: a)
buffalo bone, b) pig bone, and c) goat bone
3.2.2. Synthesis of Nano-Hydroxyapatites from Bovine Bones
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Figure 3.15. a) TG/DSC curves, b) X-ray diffraction patterns; c)
Nitrogen adsorption/desorption isotherms,; and d) EDX spectrum of
bovine bone.

Figure 3.15a presents the TG/DSC curves of bovine bone.
Three main thermal decomposition stages of bovine bone were
observed. The first stage is an endothermic process occurring in the
temperature range of 25-250 °C, corresponding to water desorption
from the sample surface, leading to a weight loss of approximately
7.91%. The subsequent weight loss of about 26.94% within the 250—
500 °C range is associated with two exothermic processes at 353.4 °C
and 436.4 °C, contributing to the decomposition of organic matter,
such as collagen and possibly other components found in bone. The
remaining residue of about 65.2% is attributed to hydroxyapatite. The
X-ray diffraction (XRD) patterns of both raw bovine bone and bovine
bone calcined at different temperatures exhibit the hexagonal crystal
structure and P 63/m space group of hydroxyapatite, according to the
JCPDS data (00-015-0876) (Figure 3.15b).

Quantity Adsorbed (cm?®/gSTP)
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IMS-NXL 5.0kV 5.5mm x100k SE(M 500nm
Figure 3.16. SEM observations of: a) raw bovine bone; and b)
bovine bone hydrochar calcined at 300 °C, ¢) 500 °C, d) 650 °C, and
e) 800 °C
3.2.3. Characterization of HANPs/WSC (Hydroxyapatite
Nanoparticles/Water-Soluble Chitosan) and Nano-P Fertilizers
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Figure 3.17. a) Relationship between the initial amount of HANPs
and the amount of HANPs dispersed in WSC; b) Water-soluble
chitosan solution (01) and WSC-stabilized HANP suspension (02);
and c) High-resolution transmission electron microscopy (HR-TEM)
image of WSC-stabilized HANPs (100 mL of 20 g.L—1), with the
inset showing the particle size distribution of HANPs in the WSC-
stablllzed HANPs

Figure 3.18. a) Effect of pH on the precipitation of HEs (Humic
Extract); b) Mixture of HANPs and HEs (1), solid phase separated
from HANPs/HEs after 2 days (2); c¢) Mixture of WSC-stabilized
HANPs and HEs at a volume ratio of 3/7 at different pH levels.

A mixture of WSC-stabilized HANPs and HEs at a volume ratio
of 3/5 at different pH levels was prepared. The nano-P fertilizers
became stable without any precipitation at pH > 9, as shown in Figure
3.18c.
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Figure 3.19. X-ray diffraction patterns of: a) peat, b) HEs (Humic
Extract) and WSC-stabilized HANPs/HEs (3/7) in suspension form,
¢) HEs and WSC-stabilized HANPs/HEs (3/7) in solid form, and d)
High-resolution transmission electron microscopy (HR-TEM) image
of HEs and WSC-stabilized HANPs/HEs (3/7).
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Figure 3.21. High-resolution XPS spectra of the nano-P fertilizer at
room temperature, showing: a) C Is, b) O Is, ¢) Ca 2p, d) P 2p, e) K
2p peaks, and their corresponding fitted curves.

33. APPLICATION OF NANO-P FERTILIZERS TO SEVERAL
AGRICULTURAL CROPS

3.3.1. Effects of nano-p fertilizers on the growth and yield ‘i)f cantaloupe

- roe | i
- - ) | ‘."

(o \ -l i ,
Figure 3.22. a) 3-day-old cantaloupe plants grown from germinating
seeds, b) After 10 days, they were separated and transplanted into
plastic pots; ¢) Cantaloupe plants after fruit thinning, leaving only a
single fruit;, d) Cantaloupe plants ready for harvest, grown under the
regular formula with the application of nano-P fertilizer.

The nano-P fertilizer has been developed, consisting of
HANPs (hydroxyapatite nanoparticles) stabilized by water-soluble
chitosan and humic substances extracted from peat. The HANPs,
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with diameters of approximately 5-30 nm, are efficiently and
sustainably dispersed in the humic extract by using water-soluble
chitosan as a suspending agent. This fertilizer significantly improves
cantaloupe quality in terms of total sugar content, fruit weight, and
energy compared to control samples. The utilization of HANPs and
HEs as a novel form of phosphorus fertilizer can enhance crop yields
while minimizing the risks of water eutrophication. This approach
opens up opportunities for designing nano-metal oxide fertilizers
through a chitosan bridge that links these oxides with humic
substances. Future research should focus on long-term field trials,
the interaction mechanisms between HANPs and soil, along with
their effects on microbial and enzymatic activities.
3.3.2. Application of Phosphorus Fertilizers to Peanut Crops

The prepared nano-fertilizer influenced the growth of peanut
crops, including germination time, primary branching, flowering,
total growth period, pest and disease development, and peanut yield
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CONCLUSIONS

(i) Carbon quantum dots (CQDs) were successfully synthesized
from natural peat-derived humic acid using an eco-friendly, one-pot
method. The resulting CQDs exhibited uniform nano-sized
dimensions, excellent water dispersibility, and a high density of
oxygen-containing functional groups on their surface, establishing a
favorable foundation for applications in the electrochemical field.

(ii) The CQDs were successfully applied as an electrode
modifier for the electrochemical determination of theophylline. The
CQDs-modified electrode demonstrated strong electrocatalytic
activity toward theophylline oxidation, significantly enhancing the
peak current intensity compared to the bare electrode. The study
confirmed that the oxidation of theophylline is an irreversible process
involving the transfer of two electrons and two protons. The developed
method holds practical potential for pharmaceutical analysis,
demonstrating high recovery rates and excellent reliability.

(iii) Nano-phosphorus (Nano-P) fertilizers were successfully
prepared based on animal bone-derived (bovine, goat, buffalo, and
pig) hydroxyapatite nanoparticles (HANPs), stabilized by water-
soluble chitosan and peat-extracted humic substances. The HANPs,
with sizes ranging from 5 to 30 nm, were stably dispersed in the humic
medium, forming a nano-fertilizer system with the potential to provide
phosphorus efficiently to crops, while simultaneously minimizing
nutrient loss and mitigating the risk of water eutrophication.

(iv) The Nano-P fertilizer was successfully trialed on
cantaloupe and peanut crops in Hue City. The results indicated that
Nano-P significantly improved the growth, yield, and quality of the
agricultural products. For cantaloupes, the fruit weight, total sugar
content, and energy value were all enhanced compared to the control.
For peanuts, the number of pods, number of filled pods, pod weight,
and harvest yield showed marked improvements. These findings
confirm the application potential of Nano-P fertilizers in promoting
efficient, safe, and sustainable agricultural production.

Overall, this research demonstrates the viable efficiency of
exploiting natural peat resources to fabricate functional nanomaterials
for both electrochemical analysis and high-tech agriculture,
contributing to enhancing the utilization value of domestic resources.



