Chuong 1. TONG QUAN VE NGHIEN CUU

1.1. TONG QUAN VE NUOC THAI VA XU LY NUOC THAI
1.1.1. Khai niém nwérc thai
Nudc thai cha yéu tir khu cdng nghiép va sinh hoat. Lugng nudc thai ra cac trung
tam thuong mai sau khi duoc xtr Iy chua triét dé van duoc xa ra méi truong, song dé &
mét s6 noi nhu ndéng thén chua qua cac bién phép xir Iy truc tiép xa vao cac séng, ngoi
va cac ving lan can. Chu yéu thuong c6 mau 1a xam va den. Nuéc xam: 13 nuée thai
tryc tiép tir cac nha tam, tir cac thiét bj gia dinh nhu may rta bat, voi sen ...Khang tiép

XUc Vi chat thai tir con ngudi va nguoc lai chi yéu la nudce tiéu va phan.
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Hinh 1.1. Thanh phan héa hec c6 trong nwéc thai

1.1.2. Tac dgng cia nwéc thai lén moi troeong
Céc chi sé BOD va COD. BOD (hay con goi la Biological Oxygen Demand) la
lwgng oxy can dé vi sinh vat oxy héa cac chat hitu co, COD (Chemical Oxygen Demand)
1a lugng oxy can thiét dé oxy hoa cac hop chat héa hoc trong nudc. Néu nudc khdng
dugc xur Iy va duoc thai truc tiép ra méi truong s& gay nén hién trang thiéu hut oxy tu
nhién. Nito va Phosphate 1a nguon dinh dudng chinh cho su ting truong vé sé hrong
cua vi sinh vat. Gy ra cac bénh ly vé duong tiéu hda nhu tiéu chay, ngo doc thire an...

1.1.3. Phwong phap xir ly nwéc thai sinh hoat
Phuong phap xtt Iy sinh hoc: dua trén viéc sir dung vi sinh vat c6 ich dé phan hay

c4c chat hitu co va thanh phan 6 nhiém trong nudéc.
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Phuong phap AAO: 14 quy tinh xi Iy 4p dung lién tuc nhiéu nhdm vi sinh vat khéac
nhau nhu ky khi (khtr hydrocachon, két tua kim loai niang, két taa phosphate va kht clo),
yém khi (khir nitrat thanh nito d6ng thoi 1am giam ham lugng COD va BOD trong nudc)
va hiéu khi (chuyén h6a NH4 thanh NOs va khir COD, BOD).

> Phuong phap MBBR: 12 mét hé théng phuc vu viéc phan chia va sang loc cac
chat hiru co, nitrat hoa va khir nitrat, thiét ké duoc 1am bang hé théng suc khi
bun hoat tinh.(‘MBBR Technology in Wastewater Treatment | ECOMENA”,
2022)
Phuong phap vat ly:
Loc bo céc chit rin bing song chan, bé lang - loc gilp giir lai cac tap chat ban kich
thuéc 16N, tap chat vo co, cac chat lo lung.
Phuong phap xt ly hoa hoc:
Gom cac qua trinh: Két tua, oxy hoa kh, trung hoa hay phan hiy. Hoa chat duoc
thém vao ngudn nudc & nhidm cho qué trinh dién ra dé hiéu qua xu ly truc tiép. Chat

lurong nudc thai sau khi xtr ly phai dat cac gié tri cho phép.

Bang 1.1. Gii han cho phép vé cac nong dé trong nwéc thai sau qua trinh xir ly

Thit ti Théng s6 Pon vi Giatri C
A B

1. pH _ 5-9 5-9

2. BOD;s (20°C)  mgL 30 50

3. Téng chitran lo mg/L 50 100
ling

4. Téng chitran  mg/lL 500 1000
hoa tan

5. Sunfua (tinh mg/L 1.0 4.0
theo H;S)



&. Amoni (tinh mg/L 5 10
theo N)

7 Nitrat (NOs)  mg/L 30 50
(tinh theo N)

8. Diumé déng, mgL 10 20
thure vat

9. Tong cac chat mg/L 5 10
hoat déng bé
mét

10. Phosphate mg/L 6 10
(PO4*) (tinh
theo P)

11. Téng Coliforms  MPN/ 100mL 3.000 5.000

1.2. TONG QUAN VE PHOSPHATE

Photphate ton tai ¢ dang quang va déi véi sinh vat rat quan trong, trong xuong cia
nhiéu loai dong vat. L& mot ngudn dinh dudng can thiét cho viéc phat trién sinh vat va
hé sinh thai. Trong tu nhién, Photphate duoc phat hién trong cac da Phosphate vo co, la
ngudn dinh dudng ty nhién chu yéu trong dat, ciing véi Nito chling ¢6 vai trd quan trong
trong viéc cung cap dudng chat cho thyc vat, giup thuc day qué trinh hap thy va phat
trién caa ching. Céc chit dinh dudng trong nudc thai, néu ton tai & ndng do cao hon
quy dinh, gitp cho thyuc vat bung phat, vi vay chung thuong duoc st dung rong rai trong

san xuat phan bon.



Hinh 1.2. Tac dgng ciaa Phosphate Ién sinh vat dwéi nwéc

Photphate c6 nong do cao khi dwoc thai truc tiép tir cac hoat dong sinh hoat caa
gia dinh, tir c&c bénh vién, tir d6 ting ndng do Photphate trong nuéc. Ching kich thich
su phat trién cua tao va dén hién trong pha dudng, suy giam sé luong thuy sinh. Lugng
dinh dudng trong nudc ting 1én muc dang ké, ndng do oxy trong nudc s& giam xudng
dén muc nguy hiém, gay tinh trang thiéu oxy nghiém trong, dan dén giam thiéu hang
loat cuia cac loai thuy sinh. Khi ching chét, Phosphate hitu co s& lién két voi céc chét
hitu co trong xac dong vat va tao diéu kién thuan loi cho quéa trinh phat trién tao.

Bén canh d6 dé loai bo Phosphate da c6 nhiéu phuong phap khac nhau nhu loai bo
sinh hoc, trao doi ion, két tua hda hoc, qué trinh mang va hap phu.Hap phu 1a mét sy
thay thé hap dan vi dé thyc hién, gia thanh ré va tiém ning 16n cé thé tai sir dung cho
nhiéu muc dich khac nhau.(Huang et al., 2018a)

1.3. VAT LIEU HAP PHU VA QUA TRINH HAP PHU PHOSPHATE

La mot vat lidu ran dé loai bo cac anion va cation gay anh huang dén méi truong
ty nhién. Ngay nay cac nha nghién ctru dang tim kiém nhiing vat liéu xanh vi qua trinh
xtr Iy nhanh va c6 méi truong tu nhién (phé pham tir c4c tréi, vo, hat...) dé so sanh véi
cac vat liéu thuong mai (silicagel, zeolit...).

Hap phu 1a qua trinh truyén khéi, hap phu cac chat khi hoic chat hoa tan trén bé
mat chét ran hoic l1ong. Mot sb chat va cham véi bé mit vat liéu s& bi hat bai céc luc va
& lai trén bé mat. Hap phu (vat ly) thuong thuc hién tai nhiét do thap, tbe d6 nhanh, nhiét
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va niang luong hap phu nho, vat lidu lai d& tach ra. Hap phu (hda hoc) giai phong nhiét
I6n hon va ton nhiéu ning lwvong hon.(Hu and Xu, 2020)
1.4. BA CAPHE

Ca phé c6 ngudn gbc tir Chau Phi (Ethiopia), tir 6 lan ra dén A Rap va Venice,
thuoc ho Rubiaceae. Hai dang phd bién Ia Arabica va Robusta, 1a mét thac udng phd
bién nhat trén Thé Gidi, song d6 nghanh ca phé dang chiu trach nhiém san xuat mot
luong 16n ca phé du lugng, mot luong dang ké cac pham phu ciing duoc tao ra. Phu
pham chinh 14 bd ca phé da qua sir dung (SCG), v6 lua ca phé (CS). (Anastopoulos et
al., 2017)

Outer Skin (V4 qua ngodi cing)

Mucilage (Phdn com qud)

Parchment (V6 trdu ca phé nhan)

Silver Skin (Lp mang méng dinh vao nhan)
Green Bean (Ca phé nhén)

Embryo (Phéi ndy mam)

Hinh 1.3 Céau tao mit cit lat cia hat ca phé
Bang 1.2. C4c hop chit trong hat ca phé

Chemical component Composition (g/100 g dry weight) SCG
Moisture 9.4
Protein 13.5
Nitrogen 2.79
Fat 2.29
Carbohydrate 71.7
Cellulose 12.4
Hemicellulose 39.1
Lignin 239
Ash 1.3
Total dietary fibre 60.46
Insoluble dietary fibre 50.78
Soluble dietary fibre 9.68




B4 ca phé (viét tit 1a SCG) la cin c6 kich thudc hat min, do 4m cao (khoang 80-
85%), thu dugc trong qué trinh chiét xuit ca phé voi nuéc ndng hoic hoi nuée. SCG
thai ra moi truong vai sé luong 16n gay anh huong nghiém tong dén moi truong. Theo
nghién ciru SCG 1a ché pham duoc dung 1am vat liéu hap phu vi né ¢6 16 xbp, duoc sir
dung dé loai bo cac kim loai nang hodc thuéc nhuém. Trong céc nghién ciu gan day,
viéc str dung tryc tiép SCG chwa mang lai hiéu qua cao ma thay vao dé6 SCG duoc bién
tinh véi nano-ZrO; trong bao cao dudi day cho thdy su hap phu cia mSCG cao hon
SCG chua dugc xu ly.(Humayro et al., 2022) (Arya et al., 2022)

Hién nay ba ca phé duoc tai sir dung pho bién trong cac san pham khtr mui, tay
té bao chét, phan bén, giam sau bénh hodc con tring cho cay trong. Nhung s luong
duogc tai st dung lai rat it so véi s6 lwong SCG thai ra méi trudng. Hién nay, Cong Ty
CP VERTAS VN tao ra céc hat nhya sinh hoc tir bé ca phé, c6 kha niang phan huy sinh
hoc, han ché 6 nhim hay dau tir ba ca phé dé thay thé cho dau co gitp tranh duoc nan
pha rirng cua Cong ty REVIVE-ECO dén tir Anh.

Hinh 1.4. Cac hat nhya Coffee Bio-composite
1.5. NHOUNG NGHIEN CUU VE SCG CUNG NHU HAP PHU PHOSPHATE
TRONG VA NGOAI NUOC
1.5.1. Trong nwéc

Niam 2016, Phuong Thao va B4 Quang Trung da dung d4 ong bang Lantan duoc
bién tinh va lam vat liéu xir 1 ion florua va photphat trong nuéc thai. Dé tang hiéu qua
hap phu ion Florua va Phosphate bang cach tam nitrat lantan, Gia tri hap phu ion Florua
va Phosphate 1a 3 va 5.3 mg/g. Hap phu téi wu khi pH <7 . Thang 1 nim 2016 Khu



Le Van va Luong Thi Thu Thay di loai bo ion Ni (1) bang than hoat tinh tir vo ca phé.
Str dung vo hat Arabica bién tinh véi axit nitric dat téi 0.1597 mmol/g c6 thé loai bo Ni
khoi nguén nudc 6 nhidm. Nam 2017 Dao Hong Duc va Dao Quoc Nhiem di loai bo
Phosphate khoi dung dich bang vt liéu nano-CeOy, vai viéc dung gel gelatine dét chay
va nung trong 2h, vat li¢u co kich thudc < 30nm va dugc tuin theo phuong trinh
Langmuir. Pham Huong Quynh va Nguyén Van Hung sit dung SCG loai Cr(V1) trong
dung dich, véi phuong phap hap phu ¢6 kha ning hap phu téi vu tai 90 phat ¢ pH = 1,.
Van-Truc Nguyen va Thanh Binh Nguyen da lam mét cuéc khao sat anh hudng cua
nhiét do nung khac nhau dén sy hinh thanh Hydrocacbon thom da vong (PAHs) trong
than sinh hoc (ba ca phé) hap phu Tetracycline (TC) dat hiéu qua cao & pH =7 (Le Van
and Luong, 2016; Thao et al., 2016; Duc et al., 2017; Nguyen et al., 2019; Quynh and
Hung, no date)
1.5.2. Ngoai nuéc

Yimin Huang va Xinging Lee di tao ra mot dang vat liéu bén viing trong viéc loai
bo Phosphate bang cach bién tinh dng nano cacrbon da vach bang chitosan, tiép d6 Qian
Liu va cong su chon phuong phap tao mang va lién két ngang trong viéc két hop
Zirconium véi cac hat chitosan hap phu Phosphate tir dung dich nuéc. Bayaraa
Sukhbaatar va Bongyoung dung bi ca phé da qua sir dung nhu mot chat hap phu cao
khong chira kim loai cho Methylene blue. Nam 2016 Yingjie Dai va Danfeng Zhang da
ding mot loai vat liéu xanh (ba ca phé) voi NaOH sau d6 hap phu Nitrobenzene trong
nuéc. N. E. Davila-Guzman, F. J. Cerino-Cérdova...d3 nghién ctiu kha ning hap phu
cac kim loai nang (Cd%*, Cu?* va Pb?*) bang mé hinh trao d6i ion (IEM) va xu huong
giai hap cua vat liéu qua bon chu ki. Nam 2020 Jarostaw Chwastowski va Dariusz
Bradlo da nghién ctru va so sanh gitra SCG va A-SCG (ba ca phé da than hoa) trong qua
trinh hap phu cac ion Cd, Mn, Pb. C6 thé thiy duoc A-SCG dat hap phuy tdi vu voi céc
ion cao hon so véi SCG dugc mo ta bang phwong trinh Langmuir. Aisyah Humayro va
Hiroyuki Harada cho thy duoc hiéu qua cia ba ca phé bién tinh vai Fe hap phy Nitrat
va Phosphate va diing vao viéc phat trién cay trong. Vat liéu hap phu ti uvu & pH tir 5-
7 va phu hop véi phuong trinh Freundlich.(Dai, Zhang and Zhang, 2016; Davila-
Guzman et al., 2016; Liu et al., 2016; Huang et al., 2018b; Chwastowski, Bradto and
Zukowski, 2020; Sukhbaatar, Yoo and Lim, 2021)
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Chuong 2. NGUYEN LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. NGUYEN LIEU
Bi ca phé duoc lay tai cac cira hang kinh doanh ca phé Espresso chii yéu chinh la
Robussta (70%) va Arabica (30%).

Hinh 2.1. Ba ca phé

2.2. DUNG CU
- Cébc 100mL, 250 mL, 500 mL va 1 L
- Diia thuy tinh
- Bopcaosu
- Erlen 250 mL
- Ong dong
- Giay loc dinh tinh
- Ong ly tam 15 mL va 50 mL
- Binhtia
- Curvet thuy tinh
2.3. THIET BI
- UV-VIS LABOMED S2602 va UV-VIS SHIMADZU
- Bép khuay tur
- May siy ddi luu
- May do pH
- Bé rira siéu am

- May ly tdm
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2.4, HOA CHAT
- Nudc cat
- Ammonium molybdate (NH4)sM07024.4H,0: 99.5%
- Ammonium metavanadate NH4VOs: 99.5%
- Acid clohydric HCI: 37%
- Kali dihydrophosphat KH2PO4
- Acid Sulfuric H2SO4: 98%
- Potassium antinonyl tartrate K(SbO)CsH4Os: 99%
- Acid Ascorbic CgHgOs: 99%
- Natri hydroxit: NaOH
- Kali sunfat: K2SO4
- Natri clorua: NaCl
- Natri hydrocacbonat: NaHCOs3
- Zirconium
2.5. CHUAN BI MQT SO DUNG DICH
Téc chat (Vanadate-molybdate)

- Dung dich A: Hoa tan 25g Amonium molybdate véi 300mL nudc cat
vao cbc 500mL, lic déu.

- Dung dich B: Hoa tan 1.25g NH4VO3 bang 300mL nuéc cét, gia nhiét
dong thoi khudy tan hoan toan. Lam mat va thém 330mL HCI 37%. Dé vé nhiét do
phong, d6 A vao dung dich B, khuay dén tan sau d6 do sang coc 1L va dong nudc cat
dén vach.

Téc chat (Molypdat / Acid ascorbic)

- Hoa tan 2g Amonium molybdate véi nudc cat dén 50mL. Bao quan
trong chai thity tinh day nap kin.

- Phaloang 7mL Acid H2SOs dic vai nuéc cat dé thé tich dat 50mL.

- Hoa tan 0.1414g K(SbO)CsH40s Véi nuéc cat dén 50mL. Bao quan
trong chai thuy tinh day nép kin.

- Hoa tan 0.88g CsHsOs voi nudc cat dén 50 mL. Dung dich 6n dinh
khoang 1 tuan tai 4°C.

Chét chuan
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- Dung dich chuan P 1000 ppm: Can 0.2195g KH2PO4 vao céc sau do

dong nudc cat dén 50mL, ghi lai thé tich chinh xéac khéi luong can (bao gom khéi lwong
ByM2

KH2PO4 va nudc). Tinh ham lugng Piooo = MV * 10°

» Trong do

% m: khdi lugng KH2PO4 can duoc.

< Mu: phan tir khéi cia KHoPOa.

< My phan tir khéi cua P.

% V: khéi luong dung dich

- Dung dich chuan trung gian 50 ppm va 2.5 ppm: hat 2.5 mL va 0.125
mL chuan P00 Va0 cdc thaty tinh (ghi lai khdi lwong chinh xac), thém tir tir nuéc cat
dén ~50g .
2.6. NOI DUNG VA PHUONG PHAP NGHIEN CUU

2.6.1. Quy trinh tong hep vat ligu

SCG

Zr(1V)
nap vao

SCG

» Thém ZrOCl,

« Loc va siy kho Zr,(OH)g
nap vao

SCG

* Thém dung dich NaOH Zr(OH)4
nap vao
SCG

. A Nano-ZrO,
nap vao SCG

Hinh 2.2. Quy trinh téng hep vat liéu tir SCG

2.6.2. Pwong chuan lam viéc
Pwong chuan ndng dd cao

> DAy chuan lam viéc nong d6 cao caa Phosphate 1, 2, 4, 6, 8, 12, 15 ppm:

hat 0.2, 0.4, 0.8, 1.2, 1.6, 2.4, 3.0 mL dung dich chuan trung gian Pso vao 6ng ly tam 15

mL. Thém 2 mL tac chat sau d6 dong nudc cat ~10 g. Chuan bi mau Blank twong tir
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nhung khong thém dd chuan trung gian. Pé yén trong khoang 5-10 phdt, dung dich trong
cac dng ly tdm s& chuyén tir mau tring sang mau xanh duong dam theo thar ty ndng do
tang dan — Po may UV-VIS LABOMED S2602 ¢ budc song 400 nm.
Puong chuan ndng d thap

>  Day chuan lam viéc ndng d6 cao cua Phosphate 0.15, 0.3, 0.5, 0.7, 1.0,
1.5 ppm: hit 0.6, 1.2, 2.0, 2.8, 4.0, 6.0 mL dung dich chuan trung gian P25 vao éng ly
tdm 15 mL. Thém 1.5 mL t4c chit sau d6 dong nudc cit ~10g. Chuan bi mau Blank
tuong tu nhung khong thém dd chuén trung gian. D& yén trong khoang 5-10 phut, dung
dich trong cac ong ly tm s& chuyén tir mau tring sang mau vang dam theo thi tw ndng
d6 tang dan — Po may UV-VIS LABOMED S2602 ¢ budc séng 880nm.

< Luu y: Puong chuan phai c6 hé sb tuyén tinh R > 0.995 (Rz2 > 0.990).
2.6.3. Xac dinh dung lweng va hiéu suat hap phu

Puoc xac dinh qua cong thuc:

C,— C
Cle=¥><V
C,C
H=—2x100
Co

Trong do:
Qe: dung lwong hap phu (mg/g);
Co: Ndng d6 dau (ppm);
Ce: nong do can bang (ppm);
V: thé tich dung dich (mL);
m: khéi lwong vat liéu (g);
H: hiéu suat hap phu (%).
2.7. XAC PINH PHp
0.1g vat liéu mSCG duogc thém vao 10 cbc, dung dung dich NaCl 0.01M thay cho
nuéc cat va diéu chinh pH bang HCI 1M va NaOH 0.1M véi cé4c gia tri pHi khéac nhau
tir 2-10 va dong nuée cat dén 50mL. mSCG dugc ngdm trong 48h sau d6 do lai ta duoc
pHs.(Al-Maliky, Gzar and Al-Azawy, 2021)
2.7.1.  Quy trinh hap phu Phosphate véi mSCG
Can chinh xac 0.1g vat liéu SCG bién tinh vao céc 250 mL, cho dd KH2PO4 vao

cdc theo ndng do khao sat, thém nudc cat tir tir va déng thoi diéu chinh pH dén 50mL.
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Khuay trén bép tir véi 150 phit, sau d6 dem ly tim. Lugng Phosphate con lai dugc xac
dinh bang phuong phap UV-VIS. Puoc thé hién ¢ Hinh 2.3

Xac dinh mé hinh dang nhiét

- M@ hinh Langmuir:
Ce 1 E

q =qmﬂ(+qm

Trong do:

e Qgmlasé mgl6n nhat cua chat bi hap phu trén 1g vat liéu hap phu, sap xép cac
phan tu thanh mot don 16p;

e Celandng d6 can bang (ppm);

e Klahing sb.

- M0 hinh Freundlich

1
logq = logK + (H) log Ce
Trong do:
e qlasé mg cua chat bi hap phu trén 1g chat hap phu;
e Celandng d6 can bang (ppm);

e Kvanlahang so.

‘ HC1 1M ‘ ‘ mSCG ‘ ‘ddK[—IzP04 ‘ H,0 ‘
Khu?;y
Ly tAm
/////L\\\\
/ : .
7 Dich 0 Lénmau Po UV-VIS

A /
. 1(_' L
. /

N

Hinh 2.3. Qua trinh hip phu Phosphate cia mSCG

15



2.8. SO PO NGHIEN CUU

» Tong hop vat liéu

» Xac dinh cac déac trung cau tric cua vat liéu
SCG bién tinh st dung FTIR, XRD, BET,

Giai doan 1 TGA, SEM va TEM.

» Xac dinh pH,,. cuva mSCG. ‘

» Khao sat ham hrong kim loai trén bé mat vat
liéu.

» Khao sat anh hirong cua moi treong pH

» Khao sat anh hrong cua thoi gian khuay

» Khio sat anh hwréng ciia nong do dau

Giai doan 2 » Khao sat anh hirong cua nhiét do

» Khao sat anh hwong cua céc ion ciing ton tai
trong dung dich.

= So sanh hiéu nang hap phu véi vat ti¢u nano-
ZrO, throng mai va SCG chra bién tinh.

» Khao sat qua trinh giai hap va tai sit dung cta
mSCG.

* Budc dau dénh gia tiém nang st dung vat lidu
da hap phu Phosphate nhwr mot loai phan bon
nha cham.

Giai doan 3

Hinh 2.4. So @6 nghién ctu
2.9. BO TRI SAP XEP THi NGHIEM

Bing 2.1. Cac yéu té dwoc khao sat

Yéu to Théng s6 Théng so khao sét

Vit liéu: 0.1g 2,3,4,5,6,7,8,9
Nong do: 10 ppm

Thé tich: 50 mL

Nhiét do: 30°C

Thoi gian: 1h30

pH

Vat liéu: 0.1g 5, 10, 30, 60, 90, 150, 180,
Nong do: 10 ppm va 30 ppm 240, 300, 360
Thé tich: 50 mL

Thoi gian khudy (phat
g Y (phut) Nhiét do: 30°C

pH: 2
. . Vat liéu: 0.1g 10, 20, 30, 40, 50, 70, 90,
Nong d dau (ppm) o )
Thaoi gian: 150 phat 110, 130, 150
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Thé tich: 50 mL
Nhiét do: 30°C

pH: 2
Vit liéu: 0.1g 10, 20, 30, 40, 50, 70, 90,
‘ L Thé tich: 50 mL 110, 130, 150 tai 35°C, 50°C,
Nong do dau vai nhiét do o )
] Thoi gian: 150 phut 65°C
khac nhau
pH: 2
Vit ligu: 0.1g Nong d6 100 mmol/L véi
Nong d6: 30 ppm Cl, SO+, HCOs
Anh huéng canh tranh cdc~~ Thé tich: 50 mL
ion Nhiét do: 30°C
Thoi gian: 150 phut
pH: 2

pH: Can 0.1g SCG bién tinh vao cbc, dung mcropipet rat 0.5mL dd KH2PO4 va
thém nudc cat dén 50mL (dung 1M HCI va 0.1M NaOH) d¢ diéu chinh pH theo théng
s6 khao sat. Bat coc trén bép khudy tir va khuat 1h30p sau d6 dem 1én mau va dung
duong chuan ¢ nong do thap. Bé yén 5-10p sau d6 dem do may UV-VIS.

Thoi gian khuay: Can 0.1g vat liéu vao céc, ding micropipte thém 0.5 va 1.5mL
dung dich KH2PO4, thém nudc cat téi 50mL dong thoi diéu chinh pH = 2 véi HCI 1M
sau d6 khao sat cac thong sb thoi gian khuay va sau ciing dem ly tam va 1én mau voi
duong chuan ndng do thap. Dé yén 5-10p sau d6 dem do may UV-VIS.

Nong do dau: Can 0.1g vat liéu vao coc sau d6 thém lan luot dd KH2PO4 theo
thong sé khao sat sau do chinh pH vé 2 voi HC1 1M, dong nudc cat dén 50mL, khudy
trong vong 1h30p sau d6 ly tAm va 1én mau véi dudng chuan néng do cao va thap, Dé
yén 5-10p sau d6 dem do may UV-VIS.

Nong do dau tai nhiét do khac nhau: Can 0.1g vat liéu vao cbc sau d6 thém dd
KH2PO4 theo thdng sé khao sat va dat trén bép khudy tir gia nhiét va khao sét cac thong
s6 vé nhiét do, chinh pH vé 2 bang HCI 1M va dong nuéc cat dén 50mL. Khuiy trong
1h30p sau d6 ly tm va 1én mau v6i dudng chuan nong do cao va thap. Bé yén 5-10p
sau d6 dem do may UV-VIS.
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Anh huéng cta c4c ion: Can 0.1g mSCG vao cbc, thém 1.5mL dung dich KH2POs,
chinh pH vé 2 bing HCI 1M va thém cac dung dich ion CI-, SO4%, HCO3™ véi ndng do
100 nmol/L. Thém nudc cat dén 50mL va khudy tai 1h30 phdt tai nhiét ¢6 phong. Ly

tam va 1én mau voi duong chuan ndng do thap, Bé yén 5-10p va dugc do may UV-VIS.
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Chwong 3. KET QUA VA THAO LUAN

3.1. PHAN TiCH CAC PAC TiINH CAU TRUC CUA VAT LIEU ZrO,-mSCG
Vit lieu mSCG dugc phan tich XRD (Hinh 3.1) va hinh SEM (Hinh 3.2) xac dinh
dugc raing mSCG & dang vo dinh hinh do khéng ¢6 miii nhiéu xa va Hinh 3.2. a, b. Hinh
thai va thanh phan trén bé mit mSCG duoc quan sét tai Hinh 3.2.c, d, tai d6 nano-ZrO;
bam vao bé mit caa vat liéu khi phdng to 18n 1000 lan. Bén canh d6 tai Hinh 3.5, hinh

chup TEM tai cac thang do khac nhau cia SCG bién tinh vé&i nano-ZrOx.

Dién tich bé mat BET duoc xac dinh thong qua qua trinh hap phu-giai hip N
dang nhiét tai (Bang 3.1) tai 6 nano-ZrO2 khi duoc phan tan vao vat liéu SCG khéng
1am tang dién tich bé mat va thé tich 15 x6p bi che phi bai cac nano-ZrO; tir 0.032 xuéng
0.018 cm®/g.(Zhang et al., 2009, Liu et al., 2008; Zong et al., 2013)
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|
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Hinh 3.1. XRD cua vit lieu mSCG
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Hinh 3.2. Hinh anh vat liéu mSCG qua mé hinh SEM.

Bang 3.1. Két qua do dién tich bé mat, thé tich va dwong kinh I8 xép cia vat ligu SCG va

SCG c6 tich hgp nano-ZrO:2

M Dién tich bé mat Thé tich 16 x6p DPuong kinh 15 xp
au
(m?/g) (cm®/g) A)
SCG 25.158 0.032 27.763
mSCG 6.151 0.018 34.821
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Bugc song 3600-3300 cm™: tai 3 miu xudt hién lién két O-H stretch
(intermolecular hydrogen bonding). Khoang 3000 — 2800 cm™ 13 lién két C-H cua alkane,
tai khoang 1600-1800 cm™: xuat hién nhiéu mii v6i d6 rong trung binh (trong mot sé
bai béo cho biét trong khoang nay c6 sy xuit hién cua cac hop chat aromatic acids (1700-
1680 cm™), aliphatic acids (1714 — 1705 cm?), ketones (1725 — 1705 cm?), aldehydes
(1739 — 1724 cm?), aliphatic esters (1755 — 1740 cm?), vinyl ester va lactones (1780 —
1762 cm™). (Lyman et al., 2003; Rattanapan, Srikram and Kongsune, 2017)

Tai khoang 1650 — 1600 cm™: Phé FTIR cia mSCG xuit hién cip mili dic trung
ciia nhom chic carboxylate doi xing (1645 cm™) va bat déi xing (1562 cm™), c6 thé
minh ching kha ning twong tac ctia cac nhom chac ndy vaoi bé mat nano-ZrO,. Phd
FTIR caa mSCG sau khi hap phu Phosphate chi con mot khoang miii rong tai 1641 cm’
1 ¢6 thé dai dién cho nhdm chac (-COOH). Tai khoang 1600 - 1540 cm™: sau khi bién
tinh 12 lién két Zr-OH*L. Tai viing khoang 1400 cm™. Tai khoang 1200-1000 cm™: P-O
stretch(Luo et al., 2017) (1039 cm™) (cho thay dwoc trong mau mSCG sau khi hap
phu c6 lién két Phosphate) con cac mili hap thu trong 2 mau con lai c6 thé 1a tin hiéu
cua lién két C-O/C-C. Sau khi bién tinh thi -.(Xiong et al., 2017)

—3CG modified SCG-before P adsorption ——modified SCG-after P adsorption

| Mo

Zr-0O

T (%)

/ Zr-OH
-COOH
P-O

C-H C-0/C-C
O-H

4000 3700 3400 3100 2800 2500 2200 1900 1600 1300 1000 700 400

Budce séng (cm™)
Hinh 3.3. Phé FTIR tai 3 miu (SCG thd, mSCG trwéc va sau khi hip phu Phosphate).
Phuong phap TGA: cho thay khi gia ting nhiét tir 25°C — 725°C khdi lugng cua
mSCG con lai khi gia tang dén >725°C cao hon so v6i Raw-SCG. Tai mau mSCG c6 2

diém “nghi” tai khoang 225°C-325°C va 570°C-625°C thay rang tai khoang dau tién 1a
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viéc loai bo Phosphate ra khoi bé mat, sau d6 tai mau mSCG va SCG duoc loai cac hop
chat khac c6 trong ba ca phé. Tai khoang nhiét d6 >600°C mau SCG bi giam khéi luong
dén 0% va nguoc lai 1uc ndy mau mSCG con lai khoang ~18% khong bi dét chay hoan

toan 1a do c6 nano-ZrO,. Qua day c6 thé ching minh duoc trong mSCG ¢6 nano-ZrOx.
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Hinh 3.4. Két qua phwong phap nhiét trong lweng ciia mSCG va SCG
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Hinh 3.5. Hinh chup TEM ciia mSCG tai cac thang do khac nhau

3.2. NGHIEN CUU QUA TRINH HAP PHU PHOSPHATE CUA VAT LIEU
mSCG

Dua vao hinh dudi ddy mSCG hap phu Phosphate t6t hon so véi Raw SCG va
nano-ZrOz. Dung luong hap phu ciia SCG bién tinh dat 18.7mg/g so véi Raw SCG la
Omg/g va nano-ZrO2 1a 2.2mg/g. Tai diéu kién t pH 2-3, thoi gian khudy 150 phat va
0.1g mSCG tai 30°C. Qua d6 c6 thé nhan dinh duoc SCG chua bién tinh khéng hap phu
dugc Phosphate va SCG sau khi bién tinh v&i nano-ZrO,, kha ning hap phu vuot troi

hon nano-ZrO; thuong mai tuong @ng véi % hap phu 13 68.6% va 8.9%.
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Hinh 3.6. Kha ning hap phu tai ba vat ligu khac nhau

3.3. ANH HUONG TU MOI TRUONG pH PEN QUA TRINH HAP PHU
PHOSPHATE

Kha nang hap phu caa mSCG véi Phosphate trong dung dich c6 méi trudng pH
tir 2 -9 anh huong dén kha nang hap phu caa mSCG. Trong nghién ctu nay, ching toi
da tién hanh khao sét tai pH 2 dat % hap phu ti wu 13 92.5% va q = 4.84 mg/g va nguoc
lai dung luong hap phu va % hap phu lan luot dat 0.29 mg/g va 5.73% khi ting pH ~9
(v6i diéu kién 0.1g mSCG, tai nong d6 10 ppm, pH duoc diéu chinh bang dung dich
HCI 1M va NaOH 0.1M). Biéu nay c6 thé giai thich ring Zirconia 1a oxit ludng tinh, tai
d6 su hap phu céc cation khi pH > pHpzc (Zr - O°) va nguoc lai khi hap phu cac anion thi
PH < pHpzc (Zr — OH?") duoc wa chudng hon (pHpzc cia MSCG la khoang 8.2). Khi thay
d6i pH khac nhau thi anion Phosphate ciing thay d6i nhu Hinh 3.6. Bén canh do,
Phosphate con cd kha ning tao lién két phuc noi cau (inner complexation) (Rodrigues
etal., 2012; Liu et al., 2022; Trieu, Nguyen and Bui, 2022)
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Hinh 3.7. Dang ton tai ciia Phosphate thay d6i theo mdi trwong pH(Zhang et al., 2019;
Aryal et al., 2020)
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Hinh 3.8. Anh hwéng ciia méi trweong pH Ién kha ning hap phu Phosphate
3.4. ANH HUONG CUA NONG PQ PHOSPHATE BAN PAU TRONG DUNG
DICH — CAN BANG HAP PHU

Viéc anh huong cua ndng do ban dau dén qua trinh hip phu duoc mé ta & Hinh
3.10 rd rang thay rang dung lugng hap phu ting dan khi ting nong d6 Phosphate ban
dau dén 150 ppm véi diéu kién (pH = 2 va thoi gian khuay 150 phat). Tang dan dung
lwong hap phu cia mSCG khi ting ndng d6 dau cua Phosphate tir 4.78 mg/g dbi vai 10

ppm dén 19.09 mg/g d6i véi 150 ppm nhung % hap phu lai giam dan tir 95.14% dén
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25.7%. Dua vao md hinh dang nhiét, mé hinh Langmuir chi ra sy bao phua don 16p cua
Phosphate trén bé mat vat liéu 1a dong nhat va nguoc lai mé hinh Freunlich da trén tinh
khong ddng déu cia mSCG va che phu nhiéu I6p caa Phosphate. C6 thé nhan dinh rang
mo hinh Freundlich phi hgp hon moé hinh Langmuir (R angmuir < R?reundiich) Va cac thong

s6 cuia hai mé hinh duoc trinh ¢ Bang 3.2.
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Hinh 3.10. Mé hinh dang nhiét Freundlich
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Hinh 3.11. Anh hwéng kha ning hap phu cia mSCG néng d dau (Co) thay ddi

Bang 3.2. Thong sé md hinh can bing hip phu cia mSCG

M6 hinh  Langmuir Freundlich

KL Qm 2 KF 1 RZ
Thongss (Lm@)  (mg/g) ((glg)(mg/L)im) — n

0.58 15.10 0.66 5.54 0.25 0.95

3.5. ANH HUONG CUA THOI GIAN KHUAY TRON - PONG HQC HAP PHU

Viéc khao sat thoi gian hap phu dé thdy dugc kha nang hap phuc cua vat liéu tai
cac diéu kién (pH 2-2.2, ndng do dau 1a 10 ppm va 0.1 g mSCG, 50 mL dung dich). Khi
tang thoi gian hap phu tir 5 pht - 360 phat dung luong hap phu thay doi tir 3.50 mg/g
dén 4.82 mg/g va % hap phu ting tir 70.38% - 98.48%. Tai khoang thoi gian dai hon
150 phiit, dung lwong hap phu dat can bang, cu thé 150 phut (ge = 4.78mg/g), 180 phit
(e = 4.71mg/g), 240 phut (ge = 4.76mg/g), va 300 phut (qe = 4.72mg/g). Dya vao Bang
3.3 cho thay mé hinh dong hoc bac hai dia theo phuong trinh phi tuyén tinh pht hop
hon va hé s6 R? ctia mé hinh dong hoc bac hai gan bang 1 hon so v&i mé hinh déng hoc
bac mét. Vi vay, giita Phosphate va bé mit mSCG 1a giai doan kiém soat téc do trong

qua trinh hap phu.
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Hinh 3.12. Kha niing hip phu ciia mSCG khi thoi gian khudy thay déi
Bang 3.3. Mé hinh dong hoc bac mét va bac hai

Mo hinh dong hoc M6 hinh bac 1 M6 hinh bac 2

Tuyén tinh R?=0.97, ki = 0.06 (1/min) R?=0.97, k2 = 0.05 (g/(mg-min))

Phi tuyén tinh R?=0.99, k1 = 0.19 (1/min) R?=0.99, k2 = 0.03 (g/(mg-min))

3.6. ANH HUONG CUA NHIET PQ - NHIET PONG HQC HAP PHU

Anh huong cac néng do dau (10 — 150 ppm) tai nhiét do khac nhau (20-24°C,
35°C, 50°C, 65°C) véi (thoi gian 150 phat, pH= 2-2.2, Co = 10 mg/L, khdi lugng vat
liéu/ thé tich 0.1 g/50 mL). Kha niang hap phu cia mSCG vé dung luong hap phu va %
hap phu thay dbi khi nhiét 6 tang dan trong qué trinh hap phu. Tai 20°C-24°C dat 4.78
mg/g — 19.09 mg/g, 35°C dat 4.56 mg/g — 16.29 mg/g, 50°C dat 4.81 mg/g — 27.75mg/q,
65°C dat 4.72mg/g — 28.67mg/g tai cac nong do ban dau khac nhau (10 — 150 ppm). Sy
hip phu Phosphate ciia mSCG va cac théng sé nhiét dong luc hoc duoc lit ké ¢ Bang
3.3. O céc nhiét @ khac nhau (AG® < 0) khi nhiét do tang dan va nguoc lai gié tri AS® =
38.45 (> 0). bay la qué trinh tu phat va thuan lgi. La phan tng thu nhiét (AH° = 5.98 >
0).(Huang et al., 2015)
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Hinh 3.13. Anh hwéng vé nong dd dau khi thay doi nhiét do

Bang 3.4. Cac thdng sé nhiét dong cho qua trinh hap phu Phosphate trén mSCG

120

Nhiét 6 (°C) AGP° (kd/mol) AH® (kJ/mol) AS° (J/mol-K)
20-24 -5.54
30 -4.46
5.98 38.45
50 -8.59
65 -6.00

3.7. ANH HUONG CUA CAC ION CANH TRANH

1
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] Sulfate
® Bicarbonate

Dung lugng hép phu (mg/g)
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Hinh 3.14. Anh hwéng canh tranh céc ion 1én kha ning hap phu cia mSCG
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Viéc anh huong tir cac ion Cl', SO4* , HCO3 véi ti 1¢ tang dan (5:1, 10:1, 20:1,
40:1): tai mau khong c6 cac ion dat 9.8 mg/g, ion CI- hoan toan khong anh huong dén
qua trinh hap phu ciia mSCG, ion SO4? khi ting dan nong do dén ti 18 40:1 dat gia tri
hap phu 14 8.59 mg/g. Ion HCOs™ anh huong 16n dén hiéu ning hap phu cia mSCG, dat
5.8 mg/g vé gia tri hip phu. Viéc hap phu Phosphate cta vat liéu mSCG bi anh hudng
tur cac ion hoa tri hai va khong bi anh hudng tir ion hoa tri mét.
3.8. KHA NANG TAI SU DUNG CUA mSCG
Kha ning tai st dung mSCG trong chu trinh hap phu - giai phong Phosphate 1a téi
vu khi 13p lai 3 giai doan, khong thay ddi dang ké vé dung lwong hap phu ciing nhu hiéu
suat hap phu caa ching (Cycle 1: 4.44 mg/g — 100%, Cycle 2: 4.91 mg/g — 99.09%,
Cycle 3: 4.31 mg/g — 96.93%). Tir 6 SCG 1a mot vat lidu tiém nang (Vat liéu xanh)
trong viéc hap phu Phosphate ciing nhu bude dém cho viéc phat trién lam phan bon thay

thé cho cac loai phan hda hoc trén thi truong.
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Hinh 3.15. Kha nang tai sir dung cia Mscg
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3.9. BUOC PAU PANH GIA TIEM NANG SU DUNG VAT LIEU PA HAP PHU
PHOSPHATE NHU MQT LOAI PHAN BON NHA CHAM
Bang 3.5. Sw thay d6i ciia hat dau dé khi khéng cd6 mSCG va c6 mSCG

Thoi

gian

3-5 ngay 7-10 ngay 10-15 ngay

Mau co

phan
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Hinh 3.16. Anh hwéng cia qua trinh phat trién hat dau d6 véi mSCG nhw mt loai phan
bén

Thi nghiém trong cay duoc thuc hién véi hat dau do (red bean) dugc u 1-2 ngay
cho dén khi 1&én mam vai céc diéu kién: 150g dat trong 1 chau véi 2 hat dau sau khi 1 va
0.4g mSCG.Théng qua hinh anh so sanh sau 15 ngay (tai Bang 3.5) c6 thé thiy duoc
cay mau c6 phan phat trién nhanh hon vé chiéu cao va cac tan 14 nhiéu hon so véi mau
khong c6 phan (Hinh 3.16). mSCG hap phu Phosphate ¢ tiém ning 16n trong viéc phat
trién 1am phan bon nha cham phosphate trong twong lai.
3.10. PANH GIA KHA NANG NHA CHAM PHOSPHATE CUA MSCG
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Hinh 3.17. Kha nang nha cham Phosphate caia mSCG
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Trong thi nghiém nay ching t6i di ngdm 0.1g mSCG da hap phu Phosphate
(14.74mg/g) véi 25mL nudc cat. Nong do tdi da (Cmax Iy thuyét) Phosphate trong dung
dich la 58.96 mg/L. Puogc chia thanh 2 giai doan nha cham Phosphate: tir 6h — 48h la
giai doan nha cham nhanh va nguoc lai tir sau 48h 1a giai doan nha cham. Theo Hinh
3.17 thdy dugc khi ting thoi gian ngdm mSCG, tai 48h vat liéu dd giai phong dugc
Phosphate c6 nong do téi wu 2.56 mg/L. Qua d6 mSCG c6 kha ning giai phéng
Phosphate trong dat va duoc thay thé 1am phan bon giai cham Phosphate.(Zhang et al.,
2021)
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KET LUAN VA KIEN NGHI

1. KET LUAN

Nghién ciru nay xac dinh dugc tiém ning cua SCG di qua sir dung bién tinh véi
nano-ZrO, nhu mét vat liéu hap phu tir chat thai thuc pham cho viéc hap phu Phosphate
trong nuéc. Cac diéu kién hap phu da dugc kiém chimg, thoi gian khudy 150 phut tai
nhiét d6 35°C va anh hudng quan trong ctia pH trong viéc thay d6i vé mat dién tich cua
bé mit vt liéu va kha ning hap phu 1 16.44 mg/g. Dit liéu can bang di ching minh mé
hinh Freundlich. M6 hinh phi tuyén tinh bac hai phu hop hon. Viéc sir dung mSCG sau
khi hap phu Phosphate 1am phan bon nha cham tac dong 16n dén sinh truéng cua hat dau
d6 so voi khong c6 mSCG trong viéc phat trién vé chiéu cao va tan 14 nhiéu hon. Tai d6
kha nang tai st dung cia mSCG qua 3 giai doan dat hi¢u qua cao va mSCG c6 kha nang
hép phu Phosphate t6t va 1am phan bén thay thé tron twong lai.
2. KIEN NGHI

Ung dung vat lidu mSCG trong xtr 1y nudc va ung dung lam phan bon nha cham
Phosphate.

Khao sat thém cac yéu té anh hudng cia vat lidu trong qua trinh hip phu Amoni.
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