PAI HOC THAI NGUYEN

TRUONG PAI HOC KHOA HQC Péc lap - Tw do - Hanh phiic
$é: 940 /QP-PHKH Thdi Nguyén, ngay i thang 6 nam 2023
QUYET PINH

Vé viéc duyét trién khai thye hién dé tai khoa hoc va cong nghé cAp co o
dot 1 thue hién tir nim 2023 cia can bo, giang vién

HIEU TRUONG TRUONG PAI HQC KHOA HQC

Cén cie Quyét dinh sé 1901/0P-TTg ngay 23/12/2008 cua Thii tudng Chinh phii
vé viéc thanh lap Truong Dai hoc Khoa hoc truc thugc Pai hoc Thai Nguyén,

Can cir Nghi quyét s6 3 0/NO-HDTTDHKH ngay 29/3/2021 cua Hoi dong truong
Truong Pai hoc Khoa hoc vé viéc ban hanh Quy ché té chike va hoat dong cua Truong
Dai hoc Khoa hoc;

Céin cir Quyét dinh s6 240/0D-DHKH ngay 30/3/2018 ciia Hiéu truong Truong
Dai hoc Khoa hoc ban hanh Quy dinh vé cong tdc quan ly khoa hoc va cong nghé cua
Truong Pai hoc Khoa hoc,

Can cir Quyét dinh 56 722/0P-PHKH ngay 1 5/5/2023 cua Hiéu truong Truong
Dai hoc Khoa hoc vé viéc phé duyét danh muc dé tai khoa hoc va céng nghé cap co so
dot 1 dea ra tuyén chon thuc hién tir nam 2023;

Cdn cir Bién ban hop ngay 31/5/2023 cua Hji dong tuyén chon thuyét minh dé
tai khoa hoc va cong nghé cap co so nam 2023,

Theo dé nghi cua Vién truong Vién Khoa hoc va Cong nghé.

QUYET PINH:

Piéu 1. Duyét trién khai 22 dé tai nghién ciru khoa hoc clp co sé dot 1 thuc
hién tr nam 2022 cta can bd, giang vién va kinh phi hd tr¢ cho mdi dé tai (cé danh
sach kem theo).

Piéu 2. Quyét dinh c6 hiéu luc ké tir ngay ky.

Cac o6ng (ba) Vién truong Vién KH&CN, Ké toan truong, Trudng cac don vi ¢
lién quan va cac cé nhan co tén trong danh séach tai Piéu 1 chju trach nhiém thi hanh

Quyét dinh nay./ p

Noi nhin: KT. HIEU TRUONG
- Nhu Biéu 2 (vh); / EU TRUONG
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- QLVB; : | PAIHOC
- Luu: VT, Vién KH&CN (03). L4 KHO AHQ

1,, =

CONG HOA XA HQI CHU NGHIA VIET NAM



PAI HOC THAI NGUYEN
TRUONG PAI HOC KHOA HOC

DANH MUC PE TAI KHOA HQC VA CONG NGHE CAP CO SO POT 1

THUC HIEN TU NAM 2023
(Kém theo Quyét dinh s6 940 /OP-PHKH ngay §f thing & nim 2023 cia Hiéu truwong Truong Dai hoc Khoa hoc)

CONG HOA XA HQI CHU NGHIA VIET NAM

Doéc liap - Tu do - Hanh phuc

_ Kinh phi
Tong | tir ngudn
» A . , . A Y]
STT Tén dé tai, nhiém vy Chii nhiém BT e i M s6 Kinhphi' | Qousl | NewSn | Thingan | oo
de tai (triéu chu tri khac thue hién
dong) (triéu
d(‘“)ng}
Phuong phap lap méi giai mot sé bai toan i -
1 il niamsaah vl dacsap dbies vong Bty | T HOng MR ot THI-0 CS$2023-TN06-01 40,0 40,0 G2023= | o ihiing
. . Tuyén 5/2024
gian Hilbert
’ T.mh }1eu hflo cu’a n‘u_)t f.o lf’rp }1.5_: pl}un:rig trinh | TS. Nguyén ;I‘h; Thanh - 01 bai béo ISI-Q2 CS2023-TN06-02 30,0 30,0 6/2023- 24 thang
vi phan phén thir vA mdt so bai toan lién quan Huyén 5/2025
V& mét sb bat bién ctia médun hiru han sinh 3 . 6/2023-
: N * S. Pham H N - 01 bai bao ISI- 2023-TN06-03 3 g
3 {8y vikh Soethoe il plhuang T am Hong Nam bai bao ISI-Q2 CS2023 6-03 30,0 30,0 52005 24 thang
Nghién ctru qué trinh khéi phuc phéan bd nhiét 3 4 . - 6/2023-
: = TS. Trin X . o CS2023- B
4 b chi s sk Khubehgn da sibu. S. Tran Xuan Quy |- 01 bai bao ISI-Q1 S2023-TN06-04 40,0 40,0 52025 24 thang
Nghién ctru kha ning ¢b dinh kim loai ning . .
5 |tong At nhifm bing than sioh hoe didu ch§| 1o YUomB TRIONE | o) 4o i ISLQT CS2023-TN06-05 40,0 40,0 ol BT
; Ha i Xuén 5/2025
ttr phu phdm ndéng nghiép
Téng hop xanh vét liéu nano kim loai sir dung 62023
6 |dich chiét thuc vat, (mg dung trong cam bién TS. Khiéu Thi Tdm |- 01 bai bao ISI-Q1 CS2023-TN06-06 40,0 40,0 5200 5- 24 thang

mau va y sinh

%‘(‘U e B, o
>

P =)\
1’;/5-:» = \a!




, Kinh phi
_ Toéng | tir ngudn
STT Tén dé tai, nhiém vu Chii nhi¢m DT SRS M sb gt o B B Ml e R
de tai (triéu chu tri khac thue hién
dong) (triéu
d(}'mg)
Pic trung phéan b cta 12 hop chat x .
7 |chlorobenzenes va mét sb kim loai néng trong TS, Nguyen”]"h; b - 01 bai bao ISI-Q1 CS2023-TN06-07 40,0 40,0 e 24 thang
R Thuy 5/2025
tro thai 16 dot
Ché tao va nghién ciru tinh chit dién va tir ciia 6003
8 |vat lidu td hop nén BiFeO; pha tap c4c ion dat| TS. Bui Minh Quy |- 01 bai bao ISI-Q1 CS2023-TN06-08 40,0 40,0 o 5‘ 24 thang
hiém.
Nghién ctru tinh chét quang cuia cac ion dét x .
% sl drong-cionans Gl b Mo g L ]ig;ye" Xudn| o bai béo ISI-QI €$2023-TN06-09 40,0 40,0 gzgi’ 24 thang
nén thay tinh.
Nghién ciru ché tao vat ligu thiy tinh dong 62023
10 |pha tap Er-Nd-Bi dinh huéng tmg dung trong TS.Lé Tién Ha |- 01 bai béo ISI-Q1 CS2023-TN06-10 40,0 40,0 : /2022' 24 théng
linh vuc khuéch dai soi quang
Nghién ciru tinh chit hip thu séng vi ba bing 5 e i) " 6/2023- i
TR .~ |TS.N Vin Khién |- - - -
11 thdng rng ol vit 1i6a 18 hgp nén hexaferrite S. Nguyén Vin Khién |- 01 bai bao ISI-Q1 CS2023-TN06-11 40,0 40,0 5/2025 24 thang
Nghién ciru ché tao cam bién huynh quang 6/2023
12 |phét hién nhanh thudc trir siu dua trén co ché | TS. Tran Thu Trang |- 01 bai bdo ISI-Q1 CS2023-TN06-12 40,0 40,0 5/2025 24 thang
tic ché enzyme
Anh huéng cia sy thay ddi trat ty va d day 6/2023
13 |16p hép thu 1én kha ning hép thu séng dién tir | TS. Chu Thi Anh Xuan |- 01 bai bdo ISI-Q1 CS2023-TN06-13 40,0 40,0 5/202 5- 24 thang

clia Vit liéu da 16p nén BaFe12019




_ Kinh phi
7 Tong | tir ngudn
STT Tén dé tai, nhiém vy Chi nhiém DT San phim Ma sb omlphi| denyi | N | UbGigiee | ng
* dé tai (triéu chi tri khac thuc hién
dong) (triéu
dt"ing)
Ché tao va nghién ciru tinh chét quang cia cac
1 (oo i i b din - Lo et lomd bl | oy sy i . 01l Bila T80 CS2023-TN06-14 30,0 30,0 072023 |15 than
Jam cam bién héa hoc tmg dung trong tan xa — . - o . 5/2024 =
Raman tang cudng bé mat va xic téc quang
Nghién ctru tong hgp va hoat tinh chéng ung 6/2023
15 |thu cia cc din xudt humulene-O-carbonyl ThS. Hoang Thi Thanh [01 bai bao ISI- Q3 CS2023-TN06-15 20,0 20,0 5/ 02';_ 24 thang
oxime
Nghién ctru tong hop vat liéu méi trén co sé | TS. Nguyén Thi Hong . . 6/2023- .
16 o, i duris it 1§ wibl g o - 01 bai béo ISI-Q1 CS2023-TN06-16 40,0 40,0 5/2005 24 thang
Ché tao than sinh hoc sa bang phuong phéap Sl
: . : : H ey =
17 |hitynhigt vi ing dyng lim vt Héuhipphy. | 0 Cgﬁ 22‘ M8 |_01 bai bo ISI-Q1 CS2023-TN06-17 40,0 40,0 gggii 24 théng
X Iy méi trudng ¥
Ung dung GIS va vién tham xdy dung co s&
18 dir liéu dia 'ly Bhuc v1j de ‘xua}t caﬂc glil phi‘lp sirf PGS.TS. If.leu Quoc - 01 bai béo ISI-Q2 CS2023-TNO6-18 30,0 30,0 6/2023- A
dung hop ly tai nguyén va bao vé moi truong Lép 5/2025

khu vyuc mién nii phia Bac

E\S 2@ gy




4

' Kinh phi
7 Tong | tir ngudn
STT Tén dé tai, nhiém vu Chii nhiém DT SR phBin Ma sb Kioh phi| den'vi | Ngaon | Thilgian | . .0
de tai (triéu chu tri khac thuc hién
dong) (triéu
dong)
- 01 bai bao duoc
HBCDGSNN cho 1,0
Vai tro ctia huyén Trang Dinh, tinh Lang Son diém;
trén tuyén hanh lang Qudc 16 4 trong cudce v wi |- 01 sach chuyén khao 6/2023-
; . ” TS: B 2023-TN06-19 ! , {
12 khang chién chong thuce dian Phép, giai doan % Bosn Ty Xen phuc vu giang day SPH, & Gl iy 1%a 5/2025 S
1947 - 1950 Dai hoc nganh Lich su
Dang Cong san Viét
Nam
Nghién ctru anh hudng ctua Tri tué nhin tao - 01 bai bao Scopus
Al d6i véi hoat dong hoc tap cua sinh vién tai .. .. |- 01 bai bao trong nudc . 6/2023-
Sl R L ST ThS. Bui Trong Tai |4 ¢ HDCDNN cho 1 | C52023-TN06-20 25 o sp02s | 24thing
Nguyén hién nay. diém tro 1én
- 01 bai ba
Pang b6 tinh Thai Nguyén lanh dao thu hat ,_%1 221 tt’)‘;‘; ff;’f”iuéc —
21 |dau tu truc tiép nudce ngoai (FDI) cia Han | TS. Nguyén Minh Tudn & CS2023-TN06-21 22.5 22,5 : 24 théng
o dugc HPCDNN cho 1 5/2025
Quoc tir nam 2015 - 2023 .2
diém
Sir dung dir liéu anh vién tham da thai gian
danh gia tinh hinh sinh trudng cdy che tai mot | TS. Phan Pham Chi e 6/2023-
, M = o i i & ol _2 2
22 <8 viing chi trong diém & thanh plib Thii Mai 01 bai bao ISI1 Q2 CS2023-TN06-22 30,0 30,0 5/2025 24 thang
Nguyén, tinh Thai Nguyén
Tong chng 752,5 752,5 0

Danh muc gcfm 22 dé tai. %

"'4’\\‘——"7’0/




PAI HOC THAI NGUYEN CONG HOA XA HOQI CHU NGHIA VIET NAM

TRUONG PAI HQC KHOA HQC DPoc lap — Tw do — Hanh phic
sé: 423 /QD-DHKH Thdi Nguyén, ngay A7 thing 3 nam 2025
QUYET PINH

Vé viéc thanh lip Hoi dong nghiém thu
dé tai khoa hoc va cong nghé cip co sé, ma s6: CS2023-TN06-17

HIEU TRUONG TRUONG PAI HOC KHOA HOC

Cdn cir Quyét dinh sé 1901/QP-TTg ngay 23/12/2008 cua Thu twéng Chinh phi
vé viéc thanh lap Truong Pai hoc Khoa hoc true thuée Dai hoc Thai Nguyén,

Can cir Nghi quyét sé 30/NQ-HDTTPHKH ngay 29/3/2021 ciia Hpi dong truong
Truwong Pai hoc Khoa hoc vé viéc ban hanh Quy ché t6 chirc va hoat dong cua Truong
Dai hoc Khoa hoc;

Cdin etk Quyét dinh s6 464/0P-PHKH ngay 28/4/2022 cua Hiéu truong Truong
Pai hoc Khoa hoc ban hanh Quy dinh vé céng tac quan Iy khoa hoc va céng nghé cua
Truong Dai hoc Khoa hoc,

Cén cir Thuyét minh dé 1ai khoa hoc va cong nghé cdp co s¢ “Ché tao than sinh
hoc sa bang phiong phdp thity nhiét va g dung lam vét liéu hdp phu xir Iy méi
trueomg”, md sé: CS2023-TN06-17 do ThS. Chu Thi Hong Huyén la chit nhiém dé tai;

Theo dé nghi ciia Vién trieong Vién Khoa hoc va céng nghé.

QUYET PINH:

Diéu 1. Thanh 1ap Hoi ddng nghiém thu dé tai khoa hoc va cong nghé cip co sO
“Ché tao than sinh hoc sa bing phuong phép thily nhiét va img dung lam vét liéu hap
phu xtr Iy méi truong”, mi sé: CS2023-TN06-17. Chu nhiém @& tai: ThS. Chu Thi
Hong Huyén. Co quan ch tri: Trudng Dai hoc Khoa hoc (¢cé danh sdach kém theo).

Pidu 2. Hoi déng c6 nhiém vu dénh gi4 toan dién viéc thyc hién dé tai so voi
thuyét minh dé tai va xép loai dé tai. Hoi ddng tu giai thé sau khi hoan thanh nhiém vu.

Piéu 3. Cac ong (ba) Vién truong Vién KH&CN, Trudng cac don vi co lién
quan, ThS. Chu Thi Hong Huyén va céc ca nhén c6 tén trong danh sach tai Diéu 1 chiu
trach nhiém thi hanh Quyét dinh nay./.

Noi nhin: KT. HIEU TRUONG
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DAI HQC THAI NGUYEN

TRUONG PAI HQC KHOA HQC

CONG HOA XA HQI CHU NGHIA VIET NAM
Doc ldp — Ty do — Hanh phic

DANH SACH HQOI PONG NGHIEM THU

PE TAI KH&CN CAP CO SO, MA SO: CS2023-TN06-17
(Kém theo Quyét dinh 56 4.) 3 /OP-DHKH, ngayA}- théng 3 ndm 2025
cua Hiéu truong Truong Dai hoc Khoa hoc)

TT Ho va tén Co quan cong tic S
' trong HD
3 A Trudng Dai hoc Khoa hoc - - el
1 | PGS.TS. Nguyén Xuén Ca Chu tich Hoi dong
DHTN
" ¢ Trudng Pai hoc Khoa hoc - )
2 | TS. Nguyén Thi Hong Hoa UV thu ky
DHTN
Trung tdm Phat trién C6 hé
3 | PGS.TS. Van Hitu Tép fung tm That trien LONg NN | v Phan bign

mai, Pai hoc Thai Nguyén

4 | TS. Nguyén Thj Pong

Trudong Pai hoc Khoa hoc -

UV Phan bién

PHTN
5 | ThS. Neuv&n Thu Huvé Trudng Pai hoc Khoa hoc - T TR gN\G‘\’o;\
. 01don \
SRR DHTN oC o

An dinh Hpi dong gom 05 thanh vién./. )

Thie ky hanh chinh: ThS. Lé Thi Hué - Chuyén vién Vién Khoa hoc va Cong nghé.



PAI HQC THAI NGUYEN
TRUONG PAI HQC KHOA HQC

BAO CAO TONG KET
PE TAI KHOA HQC VA CONG NGHE CAP CO SO

CHE TAO THAN SINH HQC SA BANG PHUONG PHAP THUY NHIET VA
UNG DUNG LAM VAT LIEU HAP PHU XU LY MOI TRUONG

Mai s6: CS2023-TN06-17

Chii nhiém dé tai: ThS. Chu Thi Hong Huyén

Thai Nguyén, 03/2025




PAI HQC THAI NGUYEN
TRUONG PAI HQC KHOA HQC

BAO CAO TONG KET
PE TAI KHOA HQC VA CONG NGHE CAP CO SO

CHE TAO THAN SINH HQC SA BANG PHUONG PHAP THUY NHIET VA
UNG DUNG LAM VAT LIEU HAP PHU XU LY MOI TRUONG

Mai s6: CS2023-TN06-17

Xéc nhén cuaa to chire chi tri Chu nhiém de tai

(ky, ho tén, dong dd'u) (ky, ho tén)

ThS. Chu Thi Hong Huyén

Thai Nguyén, 2025




DANH SACH THANH VIEN THAM GIA DE TAI VA DON V| PHOI HOP CHINH

Stt Ho va tén Don vi cong tac, linh vyc chuyén mén
o - Bon vi: Khoa Tai nguyén va Méi truong,
i ThS.‘ Chu Thi Hong Truomg PH Khoa hoc
Huyén
- Chuyén mon: Moi truong
- Bon vi: Khoa Hoa hoc, Truong PH Khoa hoc
2 | TS. Truong Thi Thao

- Chuyén mén: Ho4 1y thuyét va Hoa Iy
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DANH MUC KY HIEU VIET TAT

Stt Ky hi¢u Y nghia
1 LDW Bi chung cat tinh dau sa

2 LH Hydrochar sa

3 NCs Nanocomposites

4 XRD Nhiéu xa tia X

5 FTIR Pho hong ngoai

6 EDS Pho hép thu tan xa ning luong
7 SEM Kinh hién vi dién tr quét

8 Raman

9 BET Thuyét hap phu BET

10 Tr Nhiét d§ phan tng

11 tr Thoi gian phan Gng

12 Te Nhiét do nung

13 C Nong d6 dung dich

14 q(maxe) Dung lugng hap phu (cuc dai/can bang)




PAI HOC THAI NGUYEN
TRUONG PAI HOC KHOA HQC
THONG TIN KET QUA NGHIEN CUU
1. Thong tin chung

- Tén dé tai: Ché tao than sinh hoc sa biang phwong phap thity nhiét va
rng dung 1am vét liéu hap phu xir Iy méi truong.

- Mi s6: CS2023-TN06-17

- Chii nhiém: ThS. Chu Thi Hong Huyén

- T6 churc chu tri: Truong Pai hoc Khoa hoc - Pai hoc Thai Nguyén

- Thot gian thuc hién: 06/2023 - 06/2025
2. Muc tiéu
- Ché tao thanh cong than sinh hoc tir ba chung cit tinh dau sa theo phuong phap
thuiy nhiét va nghién ctru cac dac trung vat liu.

- Nghién ciru kha nang hap phu doc 1ap va dong thoi cac ion kim loai nang nhu Cr
(III), Zn (II), Ni(IT) va Mn (II) cua than sinh hoc sa.
3. Tinh méi, tinh sang tao

Ba chung cAt tinh dau sa 1an dau duoc nghién ctiu ché tao thanh than sinh hoc
theo phuong phap thity nhiét, san pham c6 ham luong C trong than va dién tich bé
mit riéng cao so véi nhiéu than sinh hoc tir cac ngudén phu pham néng nghiép khac.

Lan dau tién hdn hop cac kim loai Cr (IIT), Zn (II), Ni(Il) va Mn (II) duoc
nghién ctru hap phu doc lap va dong thoi bang Hydrochar (bi sa) ca khi hap phu
don ion va hip phu dong thoi v6i hiéu suat cao va tudn theo mé hinh dong hoc
Elovich, hip phu don ion tuin theo mé hinh dang nhiét Freundlich con hip phu
d6ng thoi cac ion tuan theo mo hinh hip phu ding nhiét Sips mé rong stra doi.

4. Két qua nghién ctru

Dé tai da dat duogc muc tiéu dé ra.

- P khao sat cac yéu td: nhiét do, thoi gian, ty 18 16ng / rdn nguyén liéu thuy
nhiét, hoat hoa béng kiém dic & nhiét do phong to1 sy hinh thanh than hydrochar ba
sa. Tir d6 chon duoc diéu kién tdi vu ché tao hydrochar ba sa véi chat lugng tdt: 8g
ba sa phan tan trong 50 mL nudc cét tién hanh thuy nhiét trong binh Teflon 100 mL
thiy nhiét & 240°C trong 10 h, sau d6 hoat hoa bﬁng dung dich kiém KOH ¢ nhiét
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d6 phong 24 h. Mau thu dugc ¢ ty 16 phan trim nguyén t6 Carbon dat 84.4% (79%
vé khoi lugng) voi dién tich bé mit riéng 32,66 m?/g, cau tric x6p cta than vo dinh
hinh, xenllulose va graphen oxide véi kich thudc 1.5 x 5 pm, c¢6 nhiéu nhom chirc
nhu lién két C=0, vong thom, nhém O-H va ete C-O-C.

- Pa khao sat kha nang hap phu cac ion Cr(III), Ni(II), Zn(II), va Mn(II) khi
chung ton tai doc 1ap hay dong thoi trong dung dich, tuan theo thir ty: Zn(Il) <
Mn(II) < Ni(II) < Cr(III), chiu 4nh hudng chinh cua chi sb lién két cong hoa tri va
dién tich ion, anh huéng khong nhiéu béi cac cation kim loai nhe. Dung lugng hap
phu cuc dai khi hip phu don ion Cr(III), Ni(II), Zn(II), va Mn(II) 1an luot 13 172,
161, 154 va 149 mg/g. Do canh tranh nén khi hip phu hdn hop dung lugng hap phu
c6 su giam nhe.

- Sy hip phu don ion tudn theo md hinh hap phy dang nhiét Freundlich, hap
phu d6ng thoi hdn hop cac ion déu tuan theo mé hinh M6 hinh dang nhiét Sips m&
rong stra d6i. Qua trinh hap phu déu tu dién bién, tudn theo mo hinh dong hoc
Elovich. Ban chit hip phu gdm ca hp phu vat Iy va hap phu hoa hoc.

5. Séan pham
5.1. San pham Kkhoa hoc:

- Xuit ban 01 Bai bao qubc té thuéc danh muyc ISI (Q1): Thi Thao Truong,
Truong Xuan Vuong, Thi Hong Huyen Chu, Thi Hong Tham Diep, Le Phuong
Hoang, Honag Chinh Ta, Tien Duc Pham, 2024, Synthesis of novel hydrochar from
lemongrass distillation waste and its application in individual and simultaneous
adsorption of a mixture of heavy metal ions, Journal of Water Process Engineering,
71 (2025) 107402, https://doi.org/10.1016/j.jwpe.2025.107402.

5.2. San pham dao tao:
- khong.
6. Phurong thirc chuyén giao, dia chi ing dung, tic dong va loi ich mang lai ciia
két qua nghién ciru:

- Kha ning 4p dung: Vat liéu hydrochar ba sa c6 tiém ning tmg dung tdt trong linh
vuc xu ly méi truong.

- Phuong thirc chuyén giao két qua nghién ciru: cung cap tai lidu tham khao cho
co quan quan ly chu tri khoa hoc (Truong Pai hoc Khoa hoc).

Ngay 12 thang 03 nam 2025



Chii nhi¢m d@ tai

ThS. Chu Thj Hong Huyén
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INFORMATION ON RESEARCH RESULTS
1. Genaral information

- Project title: Production of lemongrass biochar by hydrothermal method and

application as an adsorbent material for environmental treatment.
- Code Number: CS2023-TN06-17
- Coordinator: Master. Chu Thi Hong Huyen

- Implementing institution: Thai Nguyen University of Science, Thai Nguyen

University
- Duration: from 06/2023 to 06/2025
2. Objectives

- Successfully produced lemongrass biochar from distillation waste of
lemongrass essential oil using hydrothermal method and analysed its material

characteristics.

- Evaluate the application ability of hydrochar such as an adsorbent for

removing individual or simultaneous of Cr(III), Zn(II), Ni(II) va Mn(II) ions.
3. Creativeness and innovativeness

Distillation waste of lemongrass essential oil (DWL) was first studied to
synthesize biochar by hydrothermal method (lemongrass hydrochar), with C content
and specific surface area are higher than many biochars from other agricultural by-

product.

For the first time, a mixture of heavy metal ions Cr (III), Zn (II), Ni (II) and
Mn (II) was studied for independent and simultaneous adsorption by Hydrochar
(from DWL) both in individual adsorption and simultaneous adsorption with high
efficiency and following the Elovich kinetic model. Single ion adsorption followed
the Freundlich isotherm model and simultaneous adsorption followed the modified

extended Sips isotherm adsorption model.
4. Research results
The project has achieved its set goals:

- Some factors in hydrothermal process were investigated: temperature, time,

liquid/solid ratio of raw materials, activation with alkali at room temperature to
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form lemongrass hydrochar (LH). The optimal conditions for producing LH with
good quality were selected: 8g of DWL dispersed in 50 mL of distilled water in a
100 mL Teflon flask hydrothemal at 240°C for 10 h, then activated with KOH
alkaline solution at room temperature for 24 h. The best hydrochar has carbon
element percentage of 84.4% (79% by weight) with a specific surface area of 32.66
m?/g, a porous structure of amorphous coal, cellulose and graphene oxide with
dimensions of 1.5 X 5 um, with many functional groups such as C=0O bonds,

aromatic rings, O-H groups and C-O-C ethers.

- The Adsorption capacities of independently or simultaneously heavy metal
ions were 1n the order Zn(Il) < Mn(II) < Ni(IT) < Cr(III), mainly influenced by the
covalent bond index and ionic charge, not much affected by light metal cations. The
maximum adsorption capacities when individual adsorption of Cr(IlI), Ni(II),
Zn(Il), and Mn(II) are 172, 161, 154 and 149 mg/g, respectively. Due to
competition, when simultaneous adsorption, the adsorption capacity decreases
slightly.

- The individual adsorption followed the Freundlich isotherm model while
simultaneous adsorption fitted well with modified extended Sips. Adsorption
process is spontaneous, matched with Elovich kinetic model. The adsorption

mechanisms were both of the chemisorption physical adsorption.
S. Products
5.1. Scientific products:

- Publieshed 01 ISI (Q1) research article.

Thi Thao Truong, Truong Xuan Vuong, Thi Hong Huyen Chu, Thi Hong Tham
Diep, Le Phuong Hoang, Honag Chinh Ta, Tien Duc Pham, 2024, Synthesis of
novel hydrochar from lemongrass distillation waste and its application in individual
and simultaneous adsorption of a mixture of heavy metal ions, Journal of Water
Process Engineering, 71 (2025) 107402,
https://doi.org/10.1016/j.jwpe.2025.107402.

5.2. Training products:
- None.

6. Transfer alternatives, application institutions, impacts and benefits of

research results:
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- Applicability: lemongrass hydrochar has application potential in the field of

environmental pollution treatment.

- Method of transferring research results: providing reference socuments to the

scientific management agency (TNUS -Thai Nguyen University of Sciency).
March 12" 2025

Coordinator

Master. Chu Thi Hong Huyen
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MO PAU
1. LY DO CHON DPE TAI

Hién nay, 6 nhiém moi trudng 1a mot trong nhiing thach thirc 16n nhat d6i voi
toan xa hoi. Theo to chirc y té thé giéi WHO, hang nam, c6 khoang 3 triéu cai chét
lién quan dén 6 nhiém moi truong [1], ddc biét 1a 6 nhiém kim loai ning, do su phat
trién manh cta cic nganh san xuit cong nghiép. Su c6 mit cic chat 6 nhiém trong
nuéc thudng rat da dang, phirc tap vé thanh phan. Cac nghién ciru trude day chu yéu
tap trung xu 1y timg chat 6 nhiém trong nude, din tdi viée xu Iy dong thoi phirc tap,
tén kém. Xu huéng hién nay 1a tién t6i xir Iy dong thoi nhiéu chat 6 nhiém trong
nudce, giam thoi gian va gid thanh.

Viée xir Iy cac chat 6 nhiém nay thuong di va dang dugc nghién ciru, ap dung
theo nhiéu phuong phép khac nhau. Trong d6, phuong phap hap phu 1a mot trong
nhimg phuong phap ¢6 nhiéu vu diém: don gian, hiéu qua, d& ché tao, d& thuc hién,
gia thanh thap, va dic biét d& diéu chinh. Hap phu di duoc ap dung rong rai trong
xtr 1y 6 nhiém nudc bai cac chat vo co cling nhu hitu co, vi vay rat thu hat sy quan
tam, nghién cuu, tim kiém cac vat liéu hép phu mdi ngay cang hiéu qua hon [2].
Mot trong nhirng xu hudng rat thu hat sy quan tim gan day 1a ché tao cac vat liéu
hép phu c6 nguén géc thién nhién va goi l1a than sinh hoc. Than sinh hoc la vat li¢u
ché tao tr cac loai sinh khdi nhu cay tréng, mdt sb loai thuy sinh (tao, vi tao, ...),
nam, vi tring, phé thai néng nghiép va phé thai cong nghiép, nén viéc ché tao than
sinh hoc con gop phan gidam gia thanh vat liéu hap phu va ting gia tri kinh té cia
phé thai cong nong nghiép [3]. Than sinh hoc thudng c6 ham luong carbon thip hon
than hoat tinh nhung giau oxy hon (trong cac nhom chuc huu co), thuong c6 mat
cac lién két —-C, C=C, OH, -O/OH, CHO-, COOH, khung carbon thom, va ca cac
nguyén t6 khoang. Than sinh hoc thudng ¢ cau triic 16p, cau triic soi va ciu tric
rong x6p hodc vo dinh hinh, bé mit riéng phat trién, va dic tinh da chiic ning bé

mit cho thay 13 chat hap phu tét cho ca cac ion kim loai ning [4].

Ché tao than sinh hoc thudng bang hai phuong phap: qua trinh thiy nhiét tao
ra san phim thudng goi 14 hydrochar; qua trinh nhiét phan tao ra san phim thuong
goi 1 biochar. Mic du tinh chit gan gidng nhau nhung hydrochar thi thuong ché tao
& nhiét do thdp hon va san pham c6 tinh déng nhat cao hon, luu giit cac dic diém
ctia nguyén liéu ngudn tot hon, khong yéu cau lam kho nguyén liéu. Ché tao than
sinh hoc 12 mot huéng nghién cliru moi, bat dau va soi noi trén thé gidi trong vong
chuwa dén 10 nim nhung cic nghién ciru vé hydrochar con kha it. Sa 1a mot cay

trong kha phd bién ¢ Viét Nam v6i nhidu tng dung khac nhau, nhiéu nhét trong ché
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bién tinh dau. Tinh dau sa rat duoc wa chuong khong chi & Viét Nam ma trén toan
thé gidi. Quy trinh chung ct tinh dau sa dé lai mot ngudn thai rat rat 16n ba chung
cat tinh dau. Viéc dot chay ba sa s& gidng nhu ddt rom ra, rat bui va khoi nhung
nhanh, viéc @ thi chua duoc ap dung rong vi chim va ba sa rat d& chay. Tuy nhién,
néu b nay str dung diéu ché than sinh hoc s& c6 nhiéu uu diém, vi qua trinh chung
ct tré thanh mot qua trinh tién xtr Iy 1am cho bi sa giau chit xo va cau trac di dugc
pha v& mot phan do nhiét va sy thoat tinh dau, qua trinh than héa s& trd nén dé dang
hon, doi hoi nang lugng va thoi gian xu 1y it hon, du doan dac trung cia than cling
t6t hon, kha nang ung dung cao hon. Cac nghién ctru vé than sinh hoc tir bi sa con
rat it, chi yéu tip trung nghién ctru ché tao biochar ing dung cai tao dit nong
nghiép [5,6].

Vi viy, trén co sé trang thiét bi sin co6 va tan dung tdi da nguén luc tai chd,
dap tmg nhu cau khoa hoc va thyc té san xut, ching t6i lua chon dé xuét thyc hién
“Ché tao than sinh hoc sa bang phwong phap thiy nhi¢t va ing dung lam vt

liéu hdp phu xir Iy méi truwong”.
2. MUC TIEU NGHIEN CUU

- Ché tao thanh cong than sinh hoc tir ba chung cit tinh dau sa theo phuong phap

thuy nhiét va nghién ctru cac dac trung vat li¢u.

- Nghién ctru kha ning hap phu doc 1ap va dong thoi cac ion kim loai nang nhu Cr
(III), Zn (IT), Ni(IT) va Mn (II) cua than sinh hoc sa.

3. POI TUQONG VA PHAM VI NGHIEN CUU
3.1. P6i twong nghién ctru

Téng hop hydrochar sa bang phwong phéap thuy nhiét, danh gia cac dic trung
vat li€u va ing dung hép phu mdt sb loai khang sinh hoac hon hop cac ion kim loai
nang trong moi trudng nudce.
3.2. Pham vi nghién ctru

- Cac diéu kién trong quy trinh tong hop anh hudng toi dic trung va kha
ning tmg dung ctia hydrochar: nhiét do, thoi gian thuy nhiét, ty 18 tron ran: 10ng
(bot sa: nudce), chit va diéu kién hoat hoéa.

- Xac dinh cac dic trung vat liéu.

- Panh gia hiéu qua, dung luong hip phy, cac dic trung qua trinh hap phu
(héng sb can béng, hﬁng sb toc do, hiéu ung nhiét, ndng luong tu do Gibbs, ...);
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Tim hiéu co ché hap phu doc 1ap va dong thoi cac ion Cr(III), Ni(Il), Zn(I) va
Mn(II) cua hydrochar ba sa.

- Nghién ctru quy mé phong thi nghiém tai Phong Thi nghiém Khoa Hdéa hoc
— Truong Pai hoc Khoa hoc, PH Thai Nguyén.

4. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU
4.1. Cach tiép can

- Tong quan tai liéu cac nghién ctru di cong bd trong va ngoai nude, dic biét
cap nhat cac nam gén day. Xac dinh diéu kién trang thiét bi hién c6 va kha nang dau
tu méi hay lién két hop tac. Tir 46 xdy dung phuong 4n thuc nghiém phi hop véi

diéu kién thuc nghiém.

- Tién hanh thuc nghiém theo ké hoach, van dung cac phuong phap phan tich

hién dai va cac két qua da cong bd dé phan tich, danh gia két qua thuc nghiém thu dugc

- Cac két qua nghién cuu dugc danh gia cong khai bang cac cong bo trén cac

tap chi chuyén nganh uy tin.
4.2. Phuwong phap nghién ciru

- Tim kiém, thu thap tai liéu tham khéo tir cac tap chi chuyén nganh & trong

nudc va quoc t€ qua cac nguon nhu thu vién, mang internet.

- Pé tai duoc thuc hién chi yéu bang phuong phap thuc nghiém: mau nghién
ctru dugc ché tao bang phuong phéap thuy nhiét; thir ntghiém kha niang hap phu doc
1ap va hap phu dong thoi 4 ion kim loai nang

- Cac dac trung cua vat li¢u duoc phan tich béng mot sb k¥ thuat hién dai
nhu: phd nhidu xa tia X (XRD), phd tan sic ning lugng (EDS), phd hong ngoai
FTIRR, anh hién vi dién ta quét (SEM, FE-SEM), phé tan xa Raman, quang phd
quang di¢n tur tia X XPS, thé dién dong hoc zeta bé mat riéng va cAu tric xép BET.

- Nong d6 cac ion kim loai trong dung dich dugc xac dinh bang phuong phap
pho va ICP-OES.

- St dung mot $6 phﬁn mém chuyén dung (Origin, UniCell, Celref, Imagel,
KGraph35) dé tinh toan va danh gia cac thong sb cua vat lidu tir dir liéu cta céc

phép do thuc nghiém.



10

CHUONG 1. TONG QUAN

1.1. Tong quan tinh hinh nghién ciru trong nwéc vé vat liéu hydrochar sa g
dung hap phu kim loai niing.

Trong nhitng ndm gan day, xtr 1y 6 nhidm méi truong nudc ludn 1a van dé
dugc quan tAim hang dau ca vé mat hoc thuat cling nhu thuce tién. Trong cac phuong
phap xir Iy 6 nhidm, hap phu 1a mot phuong phap c6 nhiéu thuan loi, chi phi thap,
k¥ thuat don gian, hiéu qua, 4p dung dugc cho nhiéu dbi trong 6 nhiém khac nhau.
Céc loai vat liéu duoc dung 1am chat hap phu ciing rat da dang va phong phu. Cung
v6i su phat trién ctia Hoa hoc xanh, thi van dé cac vat liéu tu nhién hay nguén géc
tu nhién c6 kha nang tai tao tr¢ thanh dbi tuong dugc quan tdm dic biét. Cac vat
liéu hép phu cling vay, bat dau tir cac vat liéu ty nhién nhu 14 thong, mun dtra, vo
lac, v triu, 15i ngd, bun, xuwong, da khoang dugc xir Iy vat 1y va dung 1am vét liéu
hap phu; cho dén cac xtr Iy hoa hoc nhu ngdm tdm axit, bazo, mudi. vi du Nghién
ctru ctia nhom tac gia Huynh Phuwong Théo thu thap 1a thong ba 14 rira sach, sdy kho,
cat vun dung hép phu nhiéu loai kim loai khac nhau: Cr (VID), Cr (I1I), As (III), As
(V), Cd (II), Cu (II), Pb (IT) [7]. Nghién ctru ctia nhom tac gia Pang Van Thanh da
rira sach ba ché rdi ngdm trong dung dich H,SO4 98% & 90°C trong 4gid, 1am ngudi,
loc rira toi trung tinh, sdy kho dung lam vat liéu hdp phu [8]. Nhom tac gia Lé
Thanh Hung da rtra sach so dura, vo triu bing nuoc thuy cuc, 200 g vat liéu kho
duoc ngam vao 2,5 lit dung dich acid citric bao hoa trong 48 giod. Sau do, xo dira va
trau dugc rira sach, siy kho, hoat hoa ¢ 120°C trong 8 gio, tiép tuc ngdm rira bang
nuée toi hét acid citric du, rdi sy kho bao quan, Hodc 200 gam vat liéu kho chi
ngam voi 5 lit nude cét trong 4 gid, rira sach, say khé va dung hap phu Ni (II) va Cd
II) 19].

Gan day, mot phuong phap xtr 1y xanh hon va hiéu qua hon duoc ap dung
rong rii, d6 1a carbon héa cac ngudn nguyén liéu tu nhién thanh san pham goi 13
than sinh hoc, véi thanh phr:in chinh 1a carbon, c6 tinh chat nhu than hoat tinh, van
mang nhiéu dic diém ciia nguyén lidu ban dau nhung bén hon han nguyén liéu ban
dau va dic biét kha ning hip phu ting manh do céu trac co su gia ting dang ké do
x6p. Than sinh hoc khong chi duoc nghién ctru ing dung lam vt liéu hip phu ma
con ¢ nhiéu tmg dung quan trong khac nhu 1am chat d6t khong khoéi, 1am phan bon
cai tao dat tréng. Tai Viét Nam, da c6 nhitng du an kha quy mo vé san xuét than
khong khoi hay phan bon tir than sinh hoc [10] va tng dung trong linh vuc xu ly
mdi trudng & mac d6 nghién ctru phong thi nghiém. Cac nghién ctru nay chu yéu
tap trung vao ché tao than sinh hoc bf?mg con duong nhiét phan [11], viéc ché tao

theo phuong phap thuy nhiét con rat it. Phuong phap nhiét phan co loi thé 1a d&



11

dang san xuat quy mo 1én nhung lai tiéu ton nhién liéu hon phuong phép thay nhiét
do hai yéu cau: lam kho vat lidu hoan toan va d6t nong tir 300-600°C trong diéu
kién khi tro hay hiém khi. Vi phuong phép thuy nhiét thi khé san xuat quy mé 16n
do kho khin vé thiét bi nhung lai tiéu tn it ning luong hon nhiéu do khong cin siy
kho vat liéu va phan ung cirowr khoang 150-250°C. Phuong phap nhié¢t phan da
dugc nghién ciru voi kha nhiéu nguyén liéu nhu trén da noi, thi thuy nhiét lai co rat
it két qua duoc cong bd. Hién chi c6 mot sb nghién ctru nhu: Nhom tac gia Lé Thi
Tinh dung v6 trdu dun 2 1an & nhiét 46 300C, 5 gio, r6i sdy & nhiét do 800°C thoi
gian 24 gio, nghién min, sdy khé dung lam chat hap phu...; Nhom ciing tién hanh
bién tinh than sinh hoc vo trau bang HCHO va ché tao theo quy trinh trén, cic vt
lidu thu dugc hdp phu Cr (IIT) va Cr (VI) [12]. Nhém tac gia Van Hiru Tap da ché
tao hydrochar tir bun thai gidy duoc hoat hoa bang H,O, [13], hoic hoat hoa bang
Fe (IIT) [14]) dung 1am chat hap phu.

Trong s6 cac nguén sinh khdi sin c¢6 ¢ Viét Nam, thi rom ra, vo trau, vo lac,
16i ngd, than ngd, ba mia, mun dira, ba che, bi café, mun cua tir go, tre nua, ... da
c6 khé nhiéu nghién ctru. Tuy nhién, mot loai nguyén liéu kha phd bién, méi chi co
mot vai nghién cuu 1¢ t¢ & Viét Nam cua nhom ching t61 [15,16]. Sa 1a mot cay
tréng nhiét do1 va can nhiét do1, phuc vu nguyén li¢u cho 4m thuc, my phém va
dugc pham, tiéu biéu 14 tinh dau sa rat duoc wa chudng, thi b sau qua trinh chung
cat tinh dau kh4 16n ma chua duge nghién ciru. Qua trinh chung cat lam cho b sa
d3 trai qua mot qué trinh tién xtr 1y pha v ciu trac ban dau nén qua trinh than hoa

sé dé dang, thuan loi va tiét kiém nang lugng hon nhiéu.

1.2. Tong quan tinh hinh nghién ciru trén thé giéi vé vat liéu hydrochar sa ing

dung hap phu kim loai ning

Nhiing nguén tu liéu ngoai van vé ché tao than sinh hoc hién nay dang c6 mdt
con s6 khong 16, theo nghién ciru cia Tariquil Islam [17], tong s6 cong bd khoa hoc
vé than sinh hoc trong gian doan tir ndm 2010 t6i ndm 2020 ting dan nhanh chong
tir khoang 200 cong bd/ nim tdi 5200 cong bd/ nidm, trong d6 lién quan téi xt 1y
nuéc ciing ting dan va dat khoang 4500 cong bd/ nam (2020). Co thé noéi, hau hét
cac phu phadm ndéng nghiép, cong nghiép déu da co it nhiéu nghién ctru. Trong sb do,
to1 80% céac nghién ctiu 1a dung phuong phap nhiét phan, chi khoang 20% su dung
phung phap thuy nhiét.

Phuong phép thuy nhiét duoc thyc hién trong nhiéu diéu kién khac nhau:
Nhém tac gia B. Ganim tron 200g bot rong bién (Ascophyllum nodosum) kho véi 1 1
nude, tron déu, suc N, roi dun thuy nhiét to1 200 °C, 10 phut, dé nguoi, loc rira séy
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kho. Dé hoat hoa hydrochar ché tao duoc, 10 g hydrochar ngam trong 100 mL KOH
2M 2 h tai nhiét d6 phong, rira sach, say kho va dung lam vat liéu hap phu [18].
Nhom tac gia T.P. de Aradjo thi da thuy nhiét bot ngii cde dd qua sir dung ciia nha
mAay san xuét bia, dd rira sach nghién nho, c 5 g dugc phéan tan déu trong 40 mL
nude dyng trong binh 60 mL, thity nhiét & 220°C trong 16 h, loc 14y ba, rira sach sy
kho, sau d6 duoc hoat hoa béng cach 30g than tron v61 200 mL KOH, u ¢ 104°C 24
h rdi dem dbt néng tdi 800°C 1h, lam ngudi, rira sach, séy kho, dung hép phu
acetaminophen [19]. Nhom tac gia H.-H.C. de Lima thi ché tao hydrochar vo qua
thong bang qué trinh thily nhiét & 190°C tir 24 t6i 72 h, ciing hoat hoa bang 1 kiém ¢
120°C 4h rdi nung t6i 700°C 4 h [10]. Nhém cua Li thiy nhiét mun tre theo ty 18
khéi luong Bot mun tre: thé tich nudce = 1:6 trong ving 160-280°C, thoi gian 0,5 toi
6 h [21]. Va nhiéu nghién ctru nita cho thdy, diéu kién thuy nhiét ciing rat khac
nhau, viéc xac dinh cac yéu t6 anh huéng t&i chat luvong san pham mong mudn 1a rat
qua trong, thuong la nhiét do, thoi gian phan Gng thuy nhiét va ty 1€ tron gilra

nguyén liéu ban dau va thé tich nudce, tuy vao nguyén liéu.

Trong s6 bao cdo khong 16 d6, nhiéu nhét 14 than sinh hoc tir cac nguyén liéu
nhu rom ra, rom lia my, vo triu, xo dira, vo lac, 15i ngd, than ngo, than cay thude
14, bd mia, mun cua, vo thong, 14, qua thong, vo cdy, vo qua, ... Tuy nhién, sb luong
cong bd vé than sinh hoc tir cay sa lai rat it [22], chu yéu cho linh vuc lam sach va
cai tao dét trong [23,24].
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CHUONG 2. THUC NGHIEM
2.1. Hoa chat thiét bi
2.1.1. Héa chat

Céc dung dich chuan Cr(III), Zn(II), Ni(IT), Mn(II) 1000 mg/L Natri hydroxit
(NaOH 96%) (Trung Qudc), Kali hydroxit (KOH 85%), (Trung Qudc), axit
chlohydric HC1 36-38% (Trung Qudc). Nudc cat hai 1an. Bi chung cét tinh dau sa
(LDW) tai Vién Khoa hoc sy sng, trudng Pai hoc Nong Lam Thai Nguyén.

2.1.2. Dung cu
Céc dung su st dung trong qué trinh thyc hién ludn van dugc liét ké ¢ bang 1.

Bang 1. Danh muc céc thiét bi sir dung

TT Dung cu - Thiét bi TT Dung cu - Thiét bi
1 |Cdc thay tinh cac loai 10 |Binh cau
2 |Cuvet thach anh 11 Giéy loc
3 |Nhiét ké 12 | Thiét bi thuy nhiét
4 |Ong dong 13 |May lic
5 |Ong nho giot 14 |May khudy tir
6 |Ongly tim 15 |Can phan tich
7 |Binh tam giac 16 |Tu say
8  |Pipet céc loai 17 |May ly tdm
9 |Phéu 18 | Tu hat chan khong

2.2. Cac ngi dung thue nghiém
2.2.1 Ché tao vat li¢u

Bi chung cit tinh diu sa dugc sdy kho & 105°C 24 h, cit vun, nghién nhd, bao
quan trong cac tui miéng zip. Dé ché tao hydrochar, m (g) DWL (m =2, 4, 6, 8, 10
g) duoc phéan tan trong 50 mL nudc cat trong binh nhya Teflon 100 mL sau dat
trong thiét bi thiy nhiét vé thep khong gi, lam néng t&i T°C (T = 200, 220, 240°C)
(téc do gia nhiét 200°“/h), duy tri thoi gian thay nhiét t (h) (t= 3, 5, 10, 15 h). Sau
d6, mau duogc dé nguoi tu nhién vé nhiét do phong, rira nhiéu lan b::ing nudc cit t6i
nudc rira trung tinh, sy kho & 105°C 24 h nghién min, bao quan trong tdi zip. Mau
duoc ky hiéu twong tmg 1a LHthmgT.

DPé hoat héa than, than duogc ngam trong dung dich KOH 5 M trong 24 h ¢

nhi¢t d¢ phong. rira nhi€u lan bang nudc cat téi nudc rira trung tinh, say kho o
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105°C 24 h nghién min, bao quan trong tai zip. Mau duoc ky hiéu twong tmg 1a
KLHthmgT.
Hiéu suét ché tao than dugce tinh theo cong thirc:

Ep = (mH/mDWL)*lOO (%) (1)
my va mypw 13 khéi lung ba sa va khéi luong than thé tao duoc (g).

2.2.2. Céac Phuong phap nghién ctru vat ligu

- Cu trac tinh thé va thanh phan pha cia miu dugc nghién ciru bang phép
do phé nhiéu xa tia X (XRD) béng thiét bi Z Brucker D2 PHASER véi burc xa Cu-
Ka tai budc song A=0,15406 nm tai phong thi nghiém Khoa Hoéa truong Dai hoc
Khoa hoc, PH Thai Nguyén.

- Phuong phap phd hong ngoai FTIR thuc hién trén thiét bji may do hong
ngoai FTIR, hing: JAS.CO bang k¥ thuat vién nén KBr trong dai sd soéng 4000 —
400 cm™ tai Khoa Hoa, Truong Dai hoc Khoa Hoc- Pai hoc Thai Nguyén.

- Hinh anh SEM thu dugc tir kinh hién vi dién tir quét trén thiét bi Hitachi
S-4800 (Nhat Ban) tai Vién Khoa hoc vat liéu— Vién han 1am Khoa hoc va Cong
nghé Viét Nam & dién ap tang téc 200 kV. Thanh phin nguyén tb trong mau xéac
dinh theo phuong phap tan xa ning luong EDX bing thiét bi két néi SEM-EDS
(Hitachi S-4800).

- Dién tich bé mat va cau tric xdp duoc nghién ctru theo phwong phéap
Brunauer-Emmett-Teller (BET) trén thiét bi TriStar 3000 V6.07 tai Khoa Héa hoc,
truong DH Su pham Ha Noi.

- Phuong phap phé tan xa Raman dugc thuc hién trén thiét bi LabRAM HR
Evolution, Horiba (Tai truong Pai hoc Khoa hoc, PHTN) voi ngué)n kich thich la
anh sang budc song 532 nm (argon laser).

- Thé zeta ctia bé mit vat liéu duoc xac dinh bang thiét bi Zetasizer Nano ZS
(Malvern, Anh) tai truong Pai hoc Khoa hoc tu nhién, PH Qudc gia Ha Noi.

- Quang phé dién tir tia X XPS thuc hién trén thiét bi Nexsa G2 sir dung buc
xa Al Ko 1486.6 eV, diéu chinh theo nang lugng lién két cta C 1s tai 248,8 eV.

2.2.3. Phuong phap dinh lugng céc ion kim loai ndng trong dung dich

Céc kién do pho hap thy nguyén tir AAS cua cac ion thé hién trén bang 2.3
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Bang 2. Cac diéu kién do d6 hap thu quang xac dinh ham luong chi bang phuong

phép ICP
Nguyén to

. Cr Zn Ni Mn
Thong so
Mnm) 206,201 231.604 | 226.502 279,482
Khe do (mm) 0,5 0,2 0,2 0,2
Chiéu bao Bunner (mm) 6 6 6 6
Cuong do den (mA)
Hon hop khi dét, toc do Khong khi nén — axetylen
dong khi 2,5 L/phut
Kiéu dén Catot Catot Catot | Catot rong

rong Cr | rong Zn | rong Ni | Mn

Thoi gian cho (s) 5

Nong dé timg ion kim loai (trong cac nghién ctru hip phu dong thoi ba ion)
duogc xac dinh bang phuong phap ICP-OES. Cac thong sé hoat dong cua thiét bi:

— Cbng suit may phat (RF power): 1000W
— Thoi gian tir khi hat dung dich dén khi bat dau do phd: 20 gidy
— S6 lan lap lai mot phép do: 3 lan
— Tbdc do khi Ar tao plasma: P1
— Sheath gas: G1
—  Tbc @6 khi Ar bb tro: none
—  Tbc dd bom hut dung dich mau vao nebulizer: 30 rpm
— Ché d6 do: doc truc hodc xuyén tam
— Thoi gian do ¢ cac vung budc song:
o Vung UV: doc truc (10 gidy); Xuyén tam (6 gidy)
o Vung Vis: doc truc (10 gidy); Xuyén tam (6 gidy)
2.2.4 Thuc nghiém qua trinh hip phu ion kim loai trong dung dich bang vét liéu tong
hop duoc
Anh hieong ciia pH dung dich dén sw hdp phu:

Pha céac dung dich ion kim loai n6ng do 20 ppm c6 pH = 3,4,5,6. Thém vao
mdi 10 ml dung dich nay (trong ong ly tam 15 mL) 20 mg vat liéu KLH10h8g, lac
déu trong 3 h, ly tdm, loc 14y phan nudc trong dem do pH va do hip thu quang xac
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dinh néng do ion kim loai trong dung dich trudc va sau hdp phu bang phuong
phap AAS (don ion) hodc ICP-OES (hdn hop ion). Xac dinh hiéu qua hap phu va
chon dugc pH tdi wu cho cac qua trinh hip phy tiép theo.

Anh huéng nong dé vat liéu hdp phu: m (mg) KLH10h8g (m = 5 mg; 10 mg;
20 mg; 50 mg va 100 mg) duoc thém vao 10 mL dung dich don ion 20 ppm ¢ pH = 6;
lic déu trong 3 h, ly tm, loc 1y phan nuéc trong dem do d6 hép thu quan xac dinh
ndng do ion kim loai trong dung dich trudc va sau hap phu bang phuong phép.

Anh hieong thoi gian va nong do chat bi hdp phu: 20 (mg) vat liéu thém vao
10 ml dung dich ion kim loai c6 nong d6 lan lugt 1a 10 - 500 mg/L; v6i hdn hop
nghién ctru voi cac dung dich ¢6 5 — 50 mg/L/ion; & pH = 6, 25°C va 40°C; lic déu,
sau cac khoang thoi gian 10, 30, 60, 90, 120, 180 va 240 phut dem ly tam, loc léy
phan nudc trong do d6 hap thu quang xac dinh ndong do ion trong dung dich trudc

va sau hap phu theo thoi gian.
Céc thi nghiém hap phu duoc thuc hién ba lan dé tinh két qua trung binh. *
Dung luong hap phu (g., mg/g) va hiéu suat hip phu (AE, %) duoc xac dinh

theo cac cong thic sau:

Ci—C
ittey
qQe= ™ (2)

%% 100
AEt = G (3)

Vo1 C;, Civa Ce la né)ng do dau, néng do tai thoi diém t va néng do tai thoi
diém can bang hip phu cta ion chit bi hip phu trong dung dich nghién ctru (mg/L);
V 14 thé tich dung dich nghién ctru (L) va m 1a khéi lwong vat liéu hap phu (g).
2.2.5. Nghién ctu 1y thuyét qua trinh hap phy

Céc dir liéu thyc nghiém hép phu don ion da dugc mo hinh héa theo cac mo

hinh hép phu dang nhiét Langmuir, Freundlich, Sips va Temkin tai 25°C, pH 6, theo
cac phuong trinh tuyén tinh (3-7) sau [25]:

K.C.

de :qm1+KL Ce (4)
_ Yng

qe — KF'Ce (5)
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Kscens
e —1+b,C.° K, =bs-qm (6)
g. = BIn(K+.Cy) (7)

Véi o 13 dung luong hip phu don 16p t6i da Langmuir (mg/g), K. (mM™") is
hang sé hap phy Langmuir, K¢ (mmOII_nF'LnF.g“) 1a hang sb can bang Freundlich,

nr 12 hing s6 Freundlich lién quan dén cudng d6 hap phu (1-10), Ks (mmogl—ns_ms

.g") 12 hiang s6 hip phu Sips, ns 14 hang so Sips, bs . B 1a hé s6 Sips va Temkin

twvong Umg. Ky (mM™) 1a hang sb can bang hap phu Temkin, q. 14 dung lugng hap
phu t6i da (mmol/g), R 13 hang s6 khi (8.314 I.mol" K™"), T 1a nhiét d6 Kelvin (K).
Hap phu da ion duoc khao sat theo cdc md hinh Langmuir mé rong (EL),

Freundlich m¢ rong (EF) va m6 hinh Sips m& rong, theo cac phuong trinh 8,9,10
sau [26]:

qM_ _ _AmiKpiCesi
el l+z¥=1KL.fCe.f (8)
M _ —1
Go; = K iCoi (X1 a;;-Co )™ ©)
Ks.ice:m
_ eitei
Qo T beiCey” (10)

M r r r
Vi Qeiis 1a dung luong hap phu t6i da (mmol/g) thu dugc tir hap phu da thanh

phén; gmi> Kii, Krj, Ks, nrj, s va bs;; lan luot la dung lugng hép phu tbi da, héng ) hép
phu theo cac mo6 hinh déng nhi¢t Langmuir, Freundlich, Sips, hé $6 Sips cua cAu tur I léy tur
dang nhiét hip phu don cu tir; N 1a s6 chat bi hap phu, a; 1a hé s canh tranh giita ciu tir I
va j canh n6. Trong tinh toan gan dung, gia st a; = 1 va diéu chinh sau néu can. Gmg véi

cac C; twong ung tinh dugc qe,.

DPong hoc hip phu ciia cac ion kim loai trén vét liéu nghién ctru dd dugc khao
sat theo cdc moé hinh dong hoc bac 1 (PFO), dong hoc bac 2 (PSO), dong hoc
khuéch tan (IPD) va Elovich theo cac phuong trinh (11-14) [25]:

Q= q.(1—e™) (11)
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_ ksaqlt
qe = 1+koq,t (12)
q=kat'"?+C (13)

Ln,pt + 1)
Q="

(14)

Véi ki (min™), k, (g.mM™".min"), ks (mM.g".min*%) 13 cac hing sd téc do
phan ung cua dong hoc bac 1, dong hoc bac 2, dong hoc khuéch va dong hoc
Elovich; C (mg/g) 14 diém giao theo mo hinh déng hoc khéch tan. C lién quan dén
bé day 16p kép, v, 1a hing s6 téc d6 hap phu ban dau (mM.g".min™"), B 12 hang s6 khur
héap phu trong phuong trinh Elovich,1/ B lién quan dén s6 vi tri tim hap phu.

Hing sb can bang K¢ (Hé s6 phan bd) & cac nhiét 46 khac nhau, enthalpy
(AH), ning luong tu do Gibbs (AG) ctia qué trinh hip phu dugc xac dinh theo céac
phuong trinh (15-17) sau [27]:

K. =% (15)

(16)

AG = -RTInKc (17)

Cea (mmol/L) 1a ndng d6 chat bi hip phu trén bé mat chit hip phu tai thoi
diém can bang, C. (mmol/L) 1a ndng d6 chat bi hap phu trong dung dich tai thoi

di€ém can bang.
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Cac dac trung cua hydrochar sa
3.1.1. Hiéu suat ché tao than

Hiéu suat ché tao cac mau than sinh hoc theo phuong pha thiy nhiét trong

nhirng diéu kién khac nhau tir b sa dugc trinh bay ¢ bang 1.

Bang 1: Hiéu suat ché tao hydrochar

Stt Mau Hiéu suét (%) | Stt Mau Hiéu suit (%)
1 | LH5h6g200 | 36.75 7 | KLH15h6g |34.22

2 | LH5h6g 220 | 36.01 8 | KLH5h4g |33.71

3 | LH5h6g240 | 34.88 9 | KLH5h8g |32.87

4 | KLH5h6g240 | 34.15 10 | KLH 5h10g | 33.35

5 | KLH3h6g 35.24 11 | KLHI0h8g |32.36

6 | KLHI0h6g 33,69

Hiéu sudt ché tao hydrochar nam trong khoang 32 t&i 37 %, so véi nhiéu phu
pham nong nghiép khéac thi khong cao [28], day 1a do dic diém cia ngudn nguyén
liéu. So bd thi nhiét do thuy nhiét taing. Khi tang thoi gian thuy nhié¢t thi ban hi¢u
sudt cling giam khi thoi gian ting tir 3 t6i 10 h nhung ting nhe khi kéo dai téi 15 h.
Khi ty 1€ nguyén li¢u thuy nhiét (m (ba sda)/V(H,O) tang tir 4/50 1én 8/50 thi hi¢u
suit ciing giam va lai ting nhe khi ty 1é ting t6i 10/50. Sy thay d6i nay phu thudc

kha ning carbon hoa nguyén liéu theo diéu kién thiy nhiét.
3.1.2. Pac trung nhiéu xa tia X va pho hong ngoai cic mau than

Céc dic trung cau trac tinh thé va lién két trong cac mau theo diéu kién thuy
nhiét dugc phan tich tir phé XRD va FTIR, trinh bay & hinh 1.

The phé XRD, DWL gdm 1 dinh nhiéu xa dic trung tai 20 ~ 10,1°, Gng véi mit
phang (001) cta graphene oxide (GO), va 1 dinh tai 20 ~ 26,5° (mg v&i mit phang
(002) cua graphite [29]. Ngoai ra, con 2 dinh tai 20 = 21,9° va 34,4° cua cellulose
[30]. Nhu vy, qua trinh chung cat tinh dau da loai bé mot phan cac chat hitu co

trong 14 sa, cellulose d4 chuyén héa mot phan thanh GO va graphite.

Khi DWL bj thiy nhiét tai 200°C 5 h, dinh nhiéu xa dic trung 26 = 26,5° cua
graphite da giam cudng do trong khi pic 20 = 21,9° cua cellulose di dich chuyén vé
phia géc 26 16n hon. D6 1a do thuy nhiét tai 200°C da lam thay doi cu triic ba sa
ban dau. Khi nhiét d6 thiy nhiét tiép tuc ting 1én 220 va 240°C thi dinh nhiu xa tai
20 =21.9° d6 giam cudng do dong thdi md rong chan pho ting, chimg té sy chuyén
dich vé carbon v6 dinh hinh ting. Nhu vay, nhiét do thuy nhiét dugce chon 1a 240°C
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va do d6 cac miu tiép theo tién hanh \r nhiét do ndy, tén mau dé don gian s& khong
ghi cha thém T=240 (LHmgth).

a) b)
— _ KLH5h10g
5 KLH5h6g493 -
g KLH5h6473 | o T KLHS5hdg
o [o)]
< S KLH15h6g
2 LH5h6g513 | S -~
8] 5] KLH10h6
__ LH5heg493
/\ . LH5h6g473
10 20 30 40 50 10 20 30 40 50
26 (Radian) 26 (Radian)
c alkane C=Oaromatic d alkane c=0 i
Jon &Y =CGH CQC J Jon  cn C=Cay COC
05\ A ‘\ ergion | 2ot
= r"R‘EF[EFEg___\.\/i,.,_Hﬁ-/ = |~ ,\”_/
s L] ; s N/ | ot
S [T wemg ’*—’”"/x\__) - Wmmg’\f,__ﬂ 1
o L] '\/:"“'MN R l AT R J
2 \_/\/Fwﬁmam\m / NGNS s
= W" ~ ) 3 59\ U
@ \Nﬁm\ﬁ»u" /"\/ “ 3hég ::_,rm/
e i - ™
e W p‘\...r-n’\\_
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Hinh 1. Pho XRD (a,b) va FTIR (c,d) cta bi sa va cac mau hydrochar

Sau khi than tiép tuc duoc ngdm kiém 24 h ¢ nhiét do phong, dinh nhiéu xa tai
20 = 10° d bi tach thanh hai dinh, dich chuyén vé 10,8° va 12,3°, dinh tai 20 = 20°
cling tach thanh hai dinh ¢ 20,2° and 21,5°, dich chuyén vé géc 20 nho hon khi
nhiét do thiy nhiét tang. Dinh nhiéu xa tai 10.8° duoc cho 1a tng voi mit phéng
mang (001) cua GO, trong khi cac dinh tai 12,3°, 20°, va 21° twong ing vi cac mat
phang mang ludi tinh thé (1-10), (110), va (020) cua cellulose II polymorph [30,31].

Khi thoi gian thily nhiét giam tir 5 h xuéng 3 h, cac dinh pho tro lai twong tu
mau thuy nhiét & 200°C, cho thay thoi gian ngan chua du chuyén héa nguyén liéu.
Khi thoi gian ting 1én 10h va 15h, sy giam cudng d6 va md rong cua dinh phd ving
20 = 21.9° ting. Khi thay ddi ty 1& nguyén liéu thity nhiét (m (ba sa)/V(H,0), phd
XRD khong cho thay su thay doi dang ké vé ciu tric.

V& phd FTIR, DWL va cac hydrochar déu gdm mot dinh phd rong ving 3350
cm’ mg véi lién két —OH trong ancol hodc carboxyl va hai dinh pho sic nét tai
2909 va 2843 cm™ dic trung cho dao dong ddi xtng va bat d6i xtng cia lién két C—
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H. Nhu vy, qua trinh thay nhiét khong 1am thay dbi cac lién két nay. Céc lién két
c6 su thay doi gom: (1) dinh hap thy rong tai ving 2220 cm™' g véi dao dong kéo
dan cua lién két -C=C- hodc -C=N [32] chi xuét hién trong cac mau thuy nhiét &
200°C hoac 240°C 3h con cac nhiét d¢ va thoi gian 16n hon déu bién mat, mot 1an
nita ching to diéu kién nhiét do thap va thoi gian ngin déu khong du kha ning
chuyén hoa ba sa thanh carbon. (2) Hai dinh hdp thuy tai 1735 cm™ va 1631 cm™
trong DWL dich chuyén t6i 1698 cm™ va 1594 cm™ sau thity nhiét, d6 dich chuyén
tang khi nhiét 6 va thoi gian thuy nhiét ting. Pang chii y, néu khong hoat héa, cac
dinh nay kha hep va sic nét, nhung sau hoat hoa béi dung dich kiém thi cac dinh
mo réng, ching to di tiép tuc sy phan hiy cdu trac lignin va cellulose [33]. Khi
khéi lugng b sa 1 6 hodc 8 g/50ml DW dd dich chuyén nay khong dbi nhung giam
xubng 4 hoidc tang 1én 10 thi 46 dich chuyén tiép tuc ting. Pay 1a vi tri cac dinh hip
thu ing voi cac lién két C=0 cua aldehyde, carboxylic acid hoac ester cua cellulose,
va lién két C=C ctia vong thom lignin [34]. Su dich chuyén nay ching to su pha v&
cac protein trong nguyén liéu dan t&i sy hinh thanh cic hop chdt thom trong
hydrochar. (3) Céc dinh hap thy trong ving 1510-1363 cm™, dai dién cho dao dong
ctia lién két C—C trong vong thom [35] hodc dao dong udn cong ngoai mit phing
cia nhom C—H vong thom [36], trd 1én rd nét trong hydrochar. Piéu nay chimg to
vong thom dugc hinh thanh hoic tai két hop lai sau qué trinh carbon héa thiy nhiét
[37]. (4) Cudng d6 cua cac dinh hip thu tai 1025 cm™ va 898 cm™, dic trung cho
dao dong cua lién két C-O esters, phenols, va aliphatic alcohols, giam dang ké sau
thuy nhiét, ting theo nhiét d6 va thoi gian thuy nhiét. Didu nay goi ¥ rang lién két
-C-O- trong DWL da bi phan huy trong qua trinh thily nhiét, sy phan huy tang theo
nhiét d va thoi gian thuy nhiét.

3.1.3 Nghién ctru ddc trung mau theo phuong phép phé Raman

Vi chu tric va dic trung graphite clia carbon trong hydrochar da duoc phan
tich tur phé Raman. Ham Gaussian da dugc img dung dé xac dinh vi tri va cuong do
cac dinh phd (Hinh 2). Cac miu gom dai D (khoang 1335 cm™), dai D” (khoang
1448 cm™), va dai G (1572 cm™). Dai D va G dac trung cho céac vat liéu carbon
khong graphite. Dai D ing v&1 dao dong cuia nguyén tir C sp? tai bo canh cua 16p
graphene, cho thdy mirc d6 khuyét tat va roi loan ctia mang ludi graphite, dic biét
do su c6 mat cua Carbon vo dinh hinh. Nguoc lai, dai G Gng v6i mirc E»g cia dao
dong kéo dén cua C trong mang ludi graphite Iy [37, 38]. Céac dinh cho thiy su hién
dién ctia C sp? cua vong thom hodc ciu trac thom lién hop cia C v6 dinh hinh

(hydrohoas mét phan) [39]. Pinh rong cta dai D” tai 1448 cm™ tmg v6i dao dong
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ubn ctua CHa, ching to cellulose vo dinh hinh chiém wu thé hon cellulose tinh thé

[40].

=]
=]
[=]

1200

a. LH200 5hég b. LH240 5g6h ) c. KLH240 5hég ;ﬂ‘-
1500 | DaiD f 1000 ——DA&ID i Dai D 1Y
£ Dai D" f z Dai D" 4 ool DD i3
—1200} Dai G . \ % —DiiG 4 = Da\‘G . i
g Budng fit thng J | g 8oor Dwong fit tdng 4 = Buéng fittong 1
y ] 4 §
@ 900r i \ ¢ ool o~ ! & 200 - 4
0 \ © F e i o 4
LS o~ / \ k<] / \ < /
g soor Y ‘ 2 a00f 2 /
2 AN . o _ \ S 200 _
O 3001 \ O a0l / \ a3 / \
1200 1400 1600 1200 1400 1600 1200 1400 1600
Sé song (cm™) 56 séng (cm™) Sé song (cr™)
800 F
d. KLH240 10h6g e. KLH240 8g6h f. KLH240 10h8g
_600F——DaiD . D%:\ D" 800 Dz:a! D“
g Dai D" ] S E DaiD .
= —Dai i — Dai G — Dai G 1
s Dai G , = o i c 600} ; 5 1
g Budng fit téng i g Bueérng fit tong E Buong fit tong 3 !
£ 400 g E L & ~—/ |
i g \\’ y . ¥ 400} N [id ] g
2 \ \" g ‘_ g 400}
o { o \ 2
c { c ! E
§ 200 | 5ol ) & ol / .
8] '\ O / \ 6] /
. / \ L/ . . iy — . \ .
1200 1400 1600 1200 1400 1600 1200 1400 1600 1800
S6 song (cm™) Sé séng (cm™) S6 song (cm™')

Hinh 2 2. Pho raman cia m{t so mau hydrochar sa

Bang 2 cho thiy, khi nhiét do ting tir 200°C t6i 240°C, thoi gian thuy nhiét
tang tir 5 toi 10 h, ty 1& nguyén liéu thuy nhiét ran/léng ting tir 6g/50 mL t&i 8g/50

mL, cuong do dai D” giam va ty 1& cuong do In/I ting. Két qua nay goi y rang dang

cellulose tong ba sa giam dan, mutrc d6 r6i loan vi cAu tric cua vat liéu C tang. Nhu
vy, KLH10h8g cho thiy céu triic vo dinh hinh cao nhat.

Bang 2. Cudng do cac dai phd Raman va ty 1¢ twong ddi (iv/ic) cua hydrochar sa

LH2005h6g | LH2405h6g | KLH5h6g | KLH10h6g | KLH5h8g | KLH10h8g
gal 567,52 420,87 300,81 354,64 436,50 510,99
gil 666,45 552,49 413,39 366,64 392,36 241,17
gé‘i 1560,16 1147,19 751,44 643,26 770,97 776,49
In/ic | 0,36 0,37 0,40 0,55 0,57 0,66

3.1.4. Bic trung hinh thai hoc cac mau than

Hinh thai bé mit cua cac miu hydrochar duoc nghién ctru qua anh SEM  hinh

3. Véi cung lugng 6 g ba sa trong 50 mL nudc cat, thuy nhiét 5 h & 200°C, bé mit

vat liéu khong déng nhét. Mot sd khu vuc co cac vét phéng rop, tao ra cac 16 nho

v6i 16p mang mong hon cac vi tri khac, bé mit khong tach 16p hoan toan. O nhimg

khu vue khéc, cac ndt phong nay bi phan hiy hoan toan, din dén céc 16 phan bd déu
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giéng nhu kién tric to ong. Khi nhiét ¢ thuy nhiét tang 1én 220°C (Hinh 3b, su
phéan huy da déng déu hon, tao ra bé mit nham dic trung vdi cac vay nho. Khi nhiét
phan t6i 240°C, bot sa bi v& thanh cac 16p xbp va giam kich thude. Mau hydrochar
duogc san xuat & 240°C trong 5 gio, sau d6 dugc kich hoat bang dung dich kiém cho
thiy bé mat thd va nham, véi ciu tric 16p x6p chuyén thanh cac hat dang hat nho
hon bao gdm nhiéu 16p mong (Hinh 3d). Su gia ting pha hily ciu trac cia vat lidu
ban dau va tang do x6p cla vat liéu khi nhiét do thiy nhiét ting va hoat hoa kiém
cling twong tu nhu mot s6 két qua nghién ciru khac [41, 42].

Dbi voi bot sa duge xir Iy & 240°C, néu thoi gian nhiét nhiét giam xudng 3 gid
(Hinh 3e), bé mit ban dau chi bi suy thodi tdi thiéu, d6 nham va d6 xbp thap. Viéc
kéo dai thdi gian nhiét phan 1én 10 gid (Hinh 3f) din dén sy phd v& thém bé mit
ctia cac hat x6p nho hinh thanh sau 5 gio x{r 1y thity nhiét. Tuy nhién, khi thoi gian
kéo dai dén 15 gio (Hinh 3g), mic du cac hat tham chi con tré nén nho hon, nhung
xuét hién xu hudng cac hat min lam tac cac 16 xép, dan dén su két tu cua cac hat.

Két qua nay twong tu véi két qua nghién ctru cia Gao [43].

i-KEHSh8g

IMS-NKL 2.0KV 4.8m E() P o

Jk St
7

Hinh 3. Anh SEM cac mau hydrochar sa

Khi phan tan luong bot sa khic nhau cung trong 50 mL nudc cit rdi thity nhiét
& 240°C trong 5 gid, ngudi ta dd quan sat thiy su khac biét dang cha ¥ vé tinh toan
ven céu tric cua bot. Cu thé, véi 4 g bot DWL (Hinh 3h), cAu trac ban dau bi phan
ménh thanh cac khdi nhé hon, cung hon, mac du muc d phan huy kém ro rét hon
so v&i mau 6 g. Nguoc lai, viéc st dung 8 g bot DWL (Hinh 3i) mang lai sy cai
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thién dang ké vé do phan manh va do xdp; tuy nhién, viéc ting lwong DWL 1én 10 g
(Hinh 3k) din dén giam muc d6 phan huy. Sy giam phan hily nay c6 thé 1a do khoi
luong déng ké cta nguyén liéu thd & ty 18 10 g/50 mL DW, trong d6 ap suat hoi tao
ra khong du dé tuwong tac hiéu qua véi chat nén. Nguoc lai, ¢ ty 16 4 g/50 mL DW,
bot thé hién su phan tan loang, dan dén ap suét hiéu dung tac dung 1€n vt li¢u giam
di. Poi v6i 8 g ba sa duge xir 1y trong 50 mL nudc cat & 240°C trong 10 gio (Hinh
3nl va 3n2), bot trai qua qua trinh phan hay tuong ddi dong déu, thu duoc vat liéu

c6 dic diém 1a kich thude nho va cé do xbp cao, khoang 1,5 x 5 pm.
3.1.5. Pic trung thanh phan héa hoc mau than

Thanh phan nguyén t6 dugc xac dinh tir phé EDS dugce trinh bay trong Hinh
4a va Bang 3 cho thay su thay doi ddng ké vé ham luong carbon trén cic mau.
Trong mau DWL, ham luong carbon xép xi 62%, keém theo moét lugng vét Na, Mg,
Si, K va Ca. Khi nhiét d¢ thuy nhiét tang tr 200°C 1én 240°C, ham lugng cacbon
tang lan luot tir 70,80% 1én 74,43% va 76,93%, va tiép tuc tang 1én 78,01% sau khi
hoat hoa. Do d6, xtr 1y thuy nhi¢t va hoat héa da nang cao ham lugng cacbon so véi
nguyén liéu tho. Khi thoi gian thay nhiét ting tir 3 gid 1én 6 gio, 10 gid roi hoat hoa
thi ham lugong cacbon tang tir 65,59% lén 78,01 va 81,85 %, nhung giam nhe Xuéng
75,12% khi tiép tuc ting 1én 15 gid. Khi ty 16 DWL/DW trong mAu ting tir 4 g/50
mL 1én 6 g/50 mL va 8 g/50 mL thi ham luong carbon tang tir 76,57% 1én 78,01%
va 79,14%, nhung khi ting 1én 10 g. /50 mL thi ham lugng Carbon gidm xuéng con
77,82%. Mau xtr Iy thay nhiét v6i 8 g ba sa trong 50 mL nudc cit & 240°C trong 10
gi0, sau d6 hoat hoa bang kiém, thu dugc ham luong carbon 1a 84,45%. Diéu nay
chi ra réng muc do cacbon hoa phu thudc vao nhiét do, thoi gian thuy nhiét va ty 1€
rén-l(’)ng cua nguyén li€u, cling nhu li€u c6 ap dung hoat hoa hay khong. Nhiét do
thity nhiét thdp hon va thoi gian thuy nhiét ngan hon twong tng véi mirc d6 cacbon
hoéa thap hon; qua thyc, san pham thu duoc van giit duoc mau nau ciia nguyén liéu
ban dau. Nguoc lai, hydrochar thu duoc sau khi xir 1y thity nhiét & 240°C trong 5
gi0 hodc lau hon c6 mau den min. Ham lugong carbon ctia hydrochar diéu ché duoc

cao hon nhiéu so v6i mot s6 nghién ciru khac [44,45].
3.1.6. Pic trung cau tric xp

Dién tich bé mat riéng, do xdp va kich thude 16 rdng cia vat liéu tong hop duoc
dinh luong bang phan tich BET, voi két qua duoc md ta trong Hinh 4b. Sger nam
trong khoang tir 5,81 m%g dén 32,66 m¥g, tang khi nhiét do thuy nhiét ting, thoi
gian thuy nhiét va ty 1¢ LDW/DW tang dén mot gia tri nhét dinh, tuong tu nhu sy
thay ddi ham lugng cacbon trong mau trong diéu kién thuy nhiét. Vat li¢u thu duoc
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tir qua trinh xir 1y thiy nhiét 8 g bot sa trong 50 mL nudc cat & 240°C trong 10 gio,
sau d6 kich hoat, cho thay su gia ting dang ké dién tich bé mit cu thé 1én 32,66
m?%g. Nhitng két qua nay phu hop vé6i két qua tir phuong phap phéan tich XRD,
quang phd Raman va SEM, chi ra ring viéc ting nhiét do, kéo dai thoi gian thay
nhiét dén cac ngudng cu thé va diéu chinh ty 16 DWL/DW déu ting cudng cacbon
hoa, ting do xép va giam kich thudc vat li¢u. Tuy nhién, thoi gian thiy nhiét kéo
dai hodc ty 16 DWL/DW qué cao c6 thé lam giam d6 x6p ctia san pham cudi cung.
So voi mot s6 nghién ciru khac (Bang 4), hydrochar thuong cé dién tich bé mat
riéng twong ddi nho [46-49]. Tuy nhién, khi dugc kich hoat & nhiét d6 cao [46] hodc
FeCl; [50], c6 thé c6 dién tich bé mat riéng 16n hon dang ké. So voi cac vat lidu
dugc hoat hoa bang phuong phap tuwong tu thi cac san pham thu duoc trong bao cdo

nay c6 dién tich bé mat riéng cao hon dang keé.

K,Ca,Cl C E b) ”
a
) o LH240 + KLH240 .
M2 KiH1ohsg| § | * KLH8g KLH10g

> KLH5h10g| S | ¢ KLH10h KLH15h <
o KLH5h8g | & KLH10h8g 3

'ﬂ .
2 - 3
s KLH15h6g | < 1 o

3 KLH10h6g .g ’W““ 000000000’“:‘.::

KLHShég S “ggAAgAAAll‘:Eo.

Al LH5h6g | o st B0 2 0 00 e es
Nayg SiP s Cl Ca_pow [ 2 "’W |
|
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Ap suét twong d6i (P/P°)
Hinh 4. Ph spectrum (a) va dang nhiét haapshaaps phu va giai hip phu Nitrogen

cta mot sO hydrochar sa.

Bang 3. Pac trung cau truc x6p va bé mat riéng cua mot so6 nghién ctru khac

Kich | Thé
SBET thudce ti(,lh 16

No. | Sinh khéi Téng hop (m¥g) | 16 xép | xbp

Hap phu TLTK

(nm) cm3/g
1 Corncob 4.0 g corncob (+4.0 | 14.45 0.17
g NH,CI) / 60 mL
) Hydrochar | H,O, khuay 1 h, 47 45 0.41 Cu(Il), Cr(VI) | 46

phatap N | thuy nhiét tai 220°C
24h

Thuy nhiét 180°C 2
Avermectin | toc do khudy tir | 7.22 | 15.3 0.05
3 residue 400 r/min, Cd*, Cu* 47

Hoat hoéa  boi| 110- | 1.91- | 0.09-
KHCO; at 600-800 | 310 | 3.91 0.36
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K

Hydrochars
tur tdo

2.00 g bot / 40 ml
DW (chtra 2 mmol
of KCIl, KH,POs,,
K>CO;, KOH),
khudy qua dém roi
thiy nhi¢t trong 10
vi séng 200°C 1,5 h

1.67
to
15.7

12.1
-16.1

Pb**

48

Avocado
5 seed
hydrochar

1.5 g sinh khéi./ 1
mL H,O, thiy nhiét
tai 250°C 12 h

40.54

1.163

0.013

2+
Ni,
Cu2+

Pb*,

49

6 Vo triu

Sinh  khdi  tron
trung dung dich 1.2
% FeCl; hoac
khong, thuy nhiét
tai 200°C 3 h

39.9 —
443

Pb2+, Cu2+

50

7 DWL

LH5h6g240

5.8

26.3

KLH5h62240

14.9

22.2

KLH10h6g

24.6

20.3

KLH15h6g

11.8

18.9

KLH5h8g

18.3

17.6

KLH5h10g

9.5

19.6

KLH10h8g

32.66

8.6

Cr(IIT), Ni(II),
Zn(II), Mn(II)

Nghién
cliru
nay

Do d6, diéu kién toi wu dé san xuét hydrochar tir ba sa chung cit bang phuong

phap thity nhiét di duoc thiét 1ap 1a hdn hop 8 g bot trong 50 mL nudc cat, xir Iy

trong binh phéan g 100 mL & 240°C trong 10 gio.

3.2. Nghién ctru hip phu

3.2.1 Anh huéng ciia pH dung dich va luong chat hap phu

Thi nghiém tién hanh & cac pH 3,4, 5 va 6 voi lugng KLH10h8g 2.0 g/L va

ndng d6 mdi ion hodc tong cac ion 20 mg/L tai 25°C va 3 h. Két qua thuc nghiém

va pH dung dich sau hap phu dugc trinh bay & hinh 5a va 5b.
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Hinh 5. Hiéu suét hip phu tai cic pH khéc nhau (a), pH dung dich trudc va sau hip
phu (b), diém ding dién cia KLH10h8g (c) va hiéu suat hip phu khi ham lugng vt
li¢u khéac nhau (d).

Hinh 5a cho thdy, tai pH 3, hiéu suit hip phu cac ion kim loai déu rat thap.
Khi pH dung dich ting, hiéu suat hap phy ting. Diéu niy c6 thé do trong dung dich
pH thap, luong ion H" 16n, xay ra hép phu canh tranh v6i céc ion kim loai, pH tang
thi lwong H' cling giam dan nén kha ning hip phu cac ion kim loai véi dién tich 16n
hon ting dan. Nghién ctru chi tién hanh t6i pH 6 do ¢ pH 16n hon, ion Cr(III) bi
hydroxide héa. Hinh 5b cho thiy, sau hip phu, pH dung dich déu ting t6i quanh gia
tri pH 7, chimg t6 H" trong dung dich ciing bi hap phu dong thoi véi cac cation,
diéu nay cho phép két luan hap phu canh tranh ctia H* 1a ¢6 va van xay ra dong thoi
Vol hép phu ion kim loai, 1a co s& cho du doan kha néang hép phu déng thoi nhiéu
ion. Hon nita, theo két qua x4c dinh diém dang dién hinh 5¢, KLH10h8g c6 pH,,. =
54, do @6 khi pH ting thi dién tich bé mit cling giam dan do duong dién dén
chuyén hin sang am & pH 6, do d6, kha ning hap phu do lyc hut tinh dién giira
KLH10h8g véi cac ion kim loai ting. Theo két qua nay pH 6 duoc chon lam pH

chung cho nghién ctru.
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Hinh 5d cho thiy, ham lugng vat liéu ting thi hiéu suat hap phu tang, do dién
tich bé mat tung, s6 vi tri c6 kha ning xay ra hap phu ting, tuy nhién, & nong do 5-
10 g/L, hiéu suat ting khong déng ké chimg t6 cac ion kim loai di bi hip phu t6i da,

viéc tang luong vat li¢u 1a khong can thiét.

3.2.2. Anh huéng ctia ndng do ion kim loai ban ddu. Nghién ctru cac thuyét hip phu

dang nhiét.

Dung dich cac ion kim loai c¢6 nong d6 10 mg/L téi 500 mg/L va dung dich hon
hop 4 ion v6i ham luong 5-50 mg/L/ion da dugc nghién ctru hap phu béi 2.0 g/L vat
liéu KLH10h8g trong dung dich c6 pH 6 tai nhiét do 25°C va 4 h. Cac dit li€u thuc
nghiém duoc 4p dung theo mé hinh hip phu dang nhiét Langmuir, Freundlich, Sips
va Temkin theo cac phuong trinh (4-7) duoc biéu dién trén hinh 6 (hdp phu don

ion). Cac thong tin dang nhiét hip phu duoc trinh bay & bang 4.

4

a) M6 hinh hap phu dang nhiét Langmuir
Cr [
Ni .

-
»
[ a
v

9, (MM/g)
[a%]

0 1 2 3 4 5
C, (mM)

0 1 2 3 4 5
C. (mM)

¢) Mé hinh hap phu déng nhiét Sips
Cr
Ni

Zn
Mn

4 F # 0

9. (MM/g)
[a%]

d) Mé hinh hap phu dang nhiét Temkin

s Cr x |

« Ni

P, [ § ¥ r 1 X
*+ Mn 2 P z

C, (mM)

Hinh 6. Sy anh hudng cta ndng d6 dau cta chat bi hip phu va mé hinh hoa theo

cac mo hinh dang nhiét hip phu ctia dir liéu thuc nghiém hap phu don ion Cr (III),
Zn (IT) Ni (II), and Mn (II) trén bé mat KLH10h8g (2.0 g/L) pH 6.

Table 4: Céac thong s6 ciia cac md hinh déng nhiét hép phu cua su hép phu doc 18p cac ion

Cr(I1I), Zn(1I), Ni(II) va Mn(II) trén KLH10h8g.
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M4 hinh Thong sd Cr(11I) Ni(I) Zn(1I) Mn(II)
Jm, exp (Mmol/g) 3,43 2,88 2,48 2,86
Langmuir | Ky (mM™) 2,24 2,08 2,42 1,83
Jm.cal (Mmol/g) 3,59 3,08 2,59 2,94
Sai s0 gm (%) 4,67 6,77 4,60 2,83
R? 0,922 0,918 0,954 0,946
Freundlich | ngr 0,456 0,453 0,512 0,533
1_
K: (mmol nF, LnF’g-l) 1,87 1,62 1,33 1,32
R’ 0,987 0,993 0,992 0,992
Sips Jm.cal (Mmol/g) 87,77 16,87 5,82 6,76
D9 bdi cua qmea SO VOL 25,63 5.85 2,35 2,36
qm,exp
K (mmoll_nS.LnS ™) 1,93 1,87 2,01 1,94
b, (mmol/L)™"s 0,02 0,11 0,35 0,29
i 0,462 0,479 0,598 0,616
R? 0,988 0,994 0,998 0,998
Temkin B (mmol/g) 0,08 0,10 0,15 0,20
Kr(mM™") 10341,14 4447 43 901,25 439,76
R? 0,369 0,456 0,629 0,678

Nhu viy, dung luong hip phu ting khi ting ndng d6 dau cua cac ion kim loai.
Sy phu hop theo cac md hinh dong hoc dua trén gia tri R? cho thdy muc 6 phu hop
tdng theo thtr ty Temkin < Langmuir < Freundlich ~ Sips. Miac du R? dat t6i 0,918 —
0,954 nhung thip hon nhiéu so véi 0,99 trong mé hinh Freundlcih hay Sips, tuy
nhién, gm.ea sai s6 kha nho so véi qeexp, 2,83-6,77 %. Trong khi ¢6 mé hinh Sips ¢o
R? cao nhit nhung Q. lai sai s6 rat 16n so voi qeeyp, gip 2,35 toi 25,63 lan, diéu
nay cho thidy moé hinh Sips c¢6 diém khong phu hop. Vi vay, c6 thé két ludn ring cac
qué trinh hap phu don ion trén KLH10h8g tuan theo mo hinh Freundlich va c6 mirc
d6 phu hop nhat dinh véi mé hinh Langmuir. Két qua nay goi y rang bé mait
KLH10h8g khong d@)ng nhéat, cac ion kim loai hép phu hoa hoc ¢ 16p dau tién va
hap phu vat 1y & cac 16p tiép theo thanh da 16n ion trén vé mat KLH10h8g. Gia tri
Kr tang theo thur tu Zn(II) < Mn(Il) < Ni(II) < Cr(IlT), phu hop véi sy ting dung
lugng hép phu cuc dai, gia tri nr cling tang theo thr ty nguoc lai cling gop phﬁn
khang dinh két luan, dong thoi gia tri nr = 0,453 t6i 0,617 cho thdy su hdp phu 1a
thuén loi [50].

Vé kha ning hap phy, thuong chiu nhiéu yéu t6 anh huéng nhur chi s6 lién két
cong hoa tri (anr), chi s6 ion (Z?/r), dién tich ion. S.S. Zamil [52] da xac dinh dugc

rang chi so lién két cong hoa tri anh hudng 69% ti gia tri qua. Tuong tu, F. Batoo

et al [53] ciing nhin manh, chi sé lién két cong hoa tri cang 16n dung lugng hap phu
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cang 16n. Trong nghién ciru ndy, véi cac tion hoa tri 11, dung luong hap phu cuc dai
da xac dinh dugc theo thtr ty Mn(Il) < Zn(I) < Ni(II), phdn anh sy phu hop véi su
tang chi sd lién két cong hoa tri (2,015, 1,994 and 2,517) va chi sb ion (5,40, 5,97
and 5,79), pht hop voi mot sb két qua nghién ciru trude [54]. V6i ion Cr(I1D), chi sb
lién két cong hoa tri khong phai 16n nhat nhung luc phéan cuc cation lai 16n nhét va
c6 dién tich ion 16n nhat, dan téi chi sb ion 1on nhét, do d6 kha nang bi hap phu 16n
nhat va dung lugng hap phu 16n nhat. Tuy tai pH 6, Cr(III) khong ton tai dang Cr*
ma bi thily phan thanh dang Cr(OH)*, dién tich s& giam nhung nhém OH c6 thé
lam ting tuwong tac voi bé myut KLH10h8h dan tdi ting hap phu. Két qua nay phir
hop véi mot sb nghién ctru trude d6 [55-57].

Dt liéu hép phu déng tho1t cac cation kim loai tai néng do dau khac nhau duge
fit theo cac mo hinh dang nhiét hap phu hdn hop EL, EF va ES, biéu dién & hinh 7.

12F a) Cr A 121 p)Ni .
® Mé hinh EL a = Mé6hinh EL N
# M6 hinh EF . #» Mé hinh EF .
09k . A 09} oo A
= 4 M6 hinh ES N u = 4 M6 hinh ES
S 06 = o | =98 a "
o g- A
oﬂ_’ 4 . o F s | | '
02} F - . 03} y *
A - 4 g
Ag . W |
00} & , , , , oo ® . . .
0.0 0.2 0.4 0.6 0.8 0.0 02 0.4 0.6
e exp (MM/g) s e exp (MM/g)
12F oz N | d) Mn a
= M6 hinh EL = Mb hinh EL a
® M6 hinhEF A 121 & Mo hinh EF
0ol 4 MéhinhES N 4 Mo hinhES =
o Dol A e
= * - % .
Eosl N .y = A =
] . " 506 | - .
o ry » ° o F P
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: [ ] L ]
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A @ =
| ]
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0.0 0.2 04 0.6 0.0 02 04 06
e exp (MM/g) e exp (MM/Q)

Hinh 7. D6 thi biéu dién qeea theo cidc mo hinh dang nhiét hap phy hdn hop EL, EF,
ES theo qeexy ctia hdp phu hdn hop cac ion Cr (IIT), Zn (II) Ni (II), va Mn (II) trén
bé mit KLH10h8g (2,0 g/L) pH 6.

Hinh 7 d& dang thiy rang, qeca VA Qeexp kha 12 khac nhau. Két qua ndy c6 thé do
cac tinh toan gan dung khi dung cac gia tri (K,n,qm) tir hdp phu don 4p dung vao
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phuong trinh hap phy hdn hop va gia thiét a; = 1, vi thuc té chic chin c6 sy tuong
tac gilra cac ion cung loai va khac loai khi cung tdn tai trong mgt dung dich, dac
biét khi ndng d6 tang. Dé diéu chinh két qua nay, mot sé tac gai dua ra hé s diéu
chinh P; trong mé hinh EL, goi 14 mé hinh Langmuir mé rong diéu chinh (MEL)
[26, 58], phuong tinh biéu dién nhu sau:

qM_EL:i AmiKpiCei _ 1 qEL_,
et PLil+XZll K iCei  Pr;i &

(18)

CHugns t6i ciing tuong tu ap dung hé sd P; trong mé hinh EF va ES, goi 1a cac
phuong trinh MEF va MES nhu sau:

1 41
alfr = o KriCei Qe Co Mt _ aqg,f (19)

Msi
1 Ks.ice.f

S L — 1 ES
MES p.. N Atsj — 2
Qé?,i _ s 1+zj=1bsjcej _ Pg; Qe‘,l

(20)

P; duc xac dinh bang cach fitting qeca VA geexp theo mo1 quan hé tuyén tinh qe ca
= a*Qeexp Dang phan mém origin nham giam thiéu sai s0. Murc d6 phu hop dugc xem
xét theo céac chi s0 RSME (root mean square error, dd lech chuan ciia sai s6) va x> Xac

dinh theo cac phuong trinh sau [59]:

\/ N (qe.i.exp_Qe.i.cal)z

RMSE=V"""! N 1)
i= .

X2 = Teiexp (22)

Véi N 1a sé diém thi nghiém. RMSE va y? cang nhé mic d6 phu hop cang cao. Két qua
tinh toan dugc trinh bay ¢ bang 4.

Béng 4. Hé s diéu chinh ciia chat bi hap phu I va phén tich sai s6 theo cac mé hinh hip
phu ddng thoi hdn hop cac ion (MEL, MEF and MES).

Mo hinh MEL MEF MES
ThQng P; RMSE ¥ P; RMSE x> P; RMSE x>
sO

Cr(1ll) {0,997 | 0,042 | 1,893 10939 0,115 | 2,356 | 1,384 | 0,047 | 1,276

Ni(dI) {0,980 | 0,033 | 1,730 | 1,134 | 0,096 | 1,793 | 1,623 | 0,047 | 1,524
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Zn(Il) | 1,193 | 0,052 | 2,149 | 1,050 | 0,049 | 0,660 | 1,970 | 0,032 | 0,789

Mn(I) |1,389] 0,049 | 1,680 | 1,425] 0,045 | 0,810 | 2,190 | 0,029 | 0,570

Két qua bang 4 cho thay, véi su hap phu Cr(IIl) va Ni(Il), gi4 tri RMSE ting
theo thir tut MEL<MES<MEF nhung gia tri y* ting theo tht tu MES<MEL<MEF,
trong d6, gia tri RMSE ctia mo hinh MES 16n hon khong dang ké mé hinh MEL (),047 so
v6i 0,042 va 0,033) so v6i md hinh MEF (0,096 va 0,115). Piéu do ching to rang dit liéu
thuc nghiém khong phtt hop mé hinh MEF, phut hop nhat véi mé hinh MES. Véi Mn(II),
gia tri RMSE va y? theo m6 hinh MES déu nhé nhat. Véi ion Zn(II), gia tri > nho nhat
theo m6 hinh MES va gia tri RMSE nho nhét theo mé hinh MEF (0,66 so voi 0,79 theo mo
hinh MES va 2,15 ctia m6é hinh MEL) hay gia tri RMSE theo m6 hinh MES 16n hon MEF
khong dang ké. Nhu vay, noi chung, mé hinh dang nhiét hip phy hdn hop MES ¢é sy phu
hop tot nhat véi dit liéu thuc nghiém. Gia tri qeex, cho mdi ion ciing ting theo trat tir trong
hép phu don ion, Zn(IT) < Mn(II) < Ni(II) < Cr(III). Nghia 14, kha ning bi hip phu cua cic
ion khi cting c6 mit trong dung dich ciing bi anh huéng bai cac chi s6 cong hoa tri, chi sb
ion va mirc 46 phan cyuc hoa cation. Hon nita, trong hé da thanh phén, sy c6 mit cta cac
ion khac nhau ciing dan téi twong tac giira cac ion c6 thé lam giam kha ning bi hip phu.
Kha ning nay dugc danh gia dya trén ti sé gitra kha nang hip phu cua timg ion trong
hép phu da thanh phan (qmex. m) S0 v6i kha ning hip phu cua timg ion (qma. s) [60].
NEU Quuax. w/ Gmax, s >1 thi qua trinh hdp phu duoc ting cuong khi c6 mit cac ion kim
loai khac; néu Qmax. m/ Gmax, s = 1 thi ion kim loai bi hap phu khong bi anh huéng boi
cac ion khac; con néu Gumax, m/ qmax.s <1 thi qué trinh hap phu duoc hoan thanh boi cac

ion kim loai khac. CAC ty SO Qmax, m/ Qmax, s dUQc tinh toan va liét ké trong Béang 5.

Bang 5. Ty 1€ Qmax, m/ Qmax, s cua Cr (III), Zn (II) Ni (II) va Mn (II) trén 2 g/L
KLH10h8g tai ndng do ban dau khac nhau (pH 6, 240 phit, 298K)

qmax, m/ qmax, 8

Co (mg/L) Cr Ni Zn Mn
5 1,0037 0,9975 0,9752 0,9735
10 0,9847 0,9576 0,9368 0,9256
20 0,9645 0,9227 0,8878 0,8758
30 0,9346 0,8995 0,8568 0,8492
50 0,9219 0,8852 0,7966 0,7730
100 0,7854 0,7497 0,7095 0,6347

Bang 5 cho thay ty 18 qmax,m/ qmax, s cia Cr (III), Zn (II), Ni (IT) va Mn (II) trén 2
¢/L KLH10h8g & cac ndng do ban dau khac nhau (pH 5, 240 phit, 298 K) nhé hon
1, ngoai trir Cr(IIT) & ndng d6 ban dau 1a 5 mg/L. Két qua nay chi ra rang sy c6 mat
clia cac ion canh tranh dan dén su hap phu canh tranh, do d6 1am giam gia tri qumax, m
SO VO Gmax,s. TY 18 ¢6 xu hudng giam dan khi ndng d6 ion tong sb trong dung dich
tang 1én, mirc giam theo thtr tu: Cr (IIT) < Ni (II) < Zn (II) < Mn (II). Piéu nay cho
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thdy rang Cr (III) gip it sy canh tranh nhat, véi mirc giam tir 1,5% dén 6,5%, trong
khi Mn (II) gap phai sy canh tranh ro rét nhét, v&i mic giam tur 2,6% dén 15,1%.
Mic dit mirc giam nay twong d6i nhd nhung kha ning hap phu tong cac ion trong
dung dich hdn hop van ndm trong gidi han cua kha ning hip phu don ion & noéng dod

ban dau twong duong.

Sy héap phu canh tranh giita cac ion bi anh hudng chil yéu bai dic trung cua
ting ion. Cac yéu t6 nhu ban kinh thuy dong luc hoc, d6 4m dién, dién tich, chi s6
cong hoa tri, chi s6 ion va kha nang phan cyc cation, nhu da thao luan trudc day,
dong mot vai trd quan trong. Hon nita, kha ning canh tranh ciing c6 thé dugc diéu
chinh boi thé khir tiéu chuan cua cac ion twong tmg, v6i thé khir cao hon twong tng
v6i 4i luc 10n hon ddi v6i chat hap phu. Thé khir tidu chudn caa Cr (I11), Zn (IT), Ni
(I1) va Mn (II) 1an uot 14 -0,74 V, -0,26 V, -0,76 V, va -1,17 V. Do d6, ning luc
canh tranh ting theo tht tu tir Ni (II) d&én Zn (II) dén Mn (II), diéu nay 14 hop 1y.
Tuy nhién, mdi quan hé gitta Cr (IIT) va Ni (I) c6 mot ngoai 1¢, vi Ni (IT) thé hién ai
luc cao hon Cr (III). Tuy nhién, dién tich ion ctia Cr(III) 16n hon dang ké so voi
Ni(II), din dén kha ning hip phu Cr(III) vuot troi va do d6 1am giam su canh tranh.
Xu huong tuong tu da dugc ghi nhan trong tai liéu [55, 61,62], mac du tht hang
nhat dinh c6 thé khong 6n dinh do anh hudng cua cac chit hdp phu khac nhau, c6

thé dan dén su khac biét trong tuong tac véi cac ion.

3.2.3. Anh huong cia thoi gian va nhiét do toi sy hép phu cac ion kim loai nédng.

Nghién ctru dong hoc va nhiét dong hoc hép phu

Anh hudng cua thoi gian téi sy hip phu cac ion kim loai dwogc tién hanh véi cac
dung dich don ion 20 va 100 mg/L/ion, dung dich hdn hop cac ion ndng d6 5 -25
mg/L/ion bdi 2 g/l KLH10h8g t&1 240 phut. Dit licu thuc nghiém dugce ap dung
theo cac mo hinh dong hoc PFO, PSO, ID va Elovich theo cac phuong trinh 8-11.
Két qua duoc thé hién trong Hinh 8,9 (don in) va hinh 10,11,12 (hdn hop céc ion).

Két qua tinh toan duoc thé hién trong bang 6.
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Hinh 8. Anh hudng cua thoi gian hip phu theo cic mé hinh dong hoc ciia hap phu
don ion Cr (IIT), Zn (II) Ni (IT) va Mn (II) 20 mg/L trén 2 g/l KLH10h8g



35

a) Mé hinh ddng hoc béac 1 b) M& hinh ddng hoc béc 2
08| nel
06 | 0.8
o 5
= =
Eoal Eopg
o o
02F 2_ - 2 _ 02} 2_ 2_
m Cr,R°*=0999 = Ni, R°*=0999 m Cr,R=0997 » Ni, R*=0.997
4 7n,R?=0998 w Mn,R?=0994 4 7n,R*=0995 ¥ Mn, R?=0992
U_O 1 1 1 1 0_0 1 1 1 1
1] 50 100 150 200 250 0 50 100 150 200 250
Thdi gian (Phat) Théi gian (Phat)
08 ¢) M6 hinh ddéng hoc khuéch tan 0.8 d) Mé hinh déng hoc Elovich
06 | 06|
G )
= =
Eopsl Eoal
o o
02} m Cr.R>=0955 @ Ni R?=0944 02F J#/® m Cr,R2=0990 e Ni, R?=0.991
H 4 7Zn,R=0911 ¥ Mn, R%= 0867 4 7n,R*=0986 ¥ Mn,R>=0985
0.0 1 1 1 1 0.0 1 1 1 1
0 50 100 150 200 250 0 50 100 150 200 250
Thdi gian (Phat) Th&i gian (Phuat)

Hinh 9. Anh hudng cta thoi gian hip phu theo cdc mé hinh dong hoc ctia hip phu
don ion Cr (IIT), Zn (IT) Ni (IT) va Mn (II) 100 mg/L trén 2 g/l KLH10h8g

Hinh 8 va 9 cho thiy, qua trinh hap phu cac ion Ni(Il) va Cr(III) dién ra nhanh
chong, dat khoang 75% nong dd ban dau chi trong vong 10 phat va sau do ting 1én
khoang 99% sau 240 phut. Nguoc lai, qua trinh hdp phu cac ion Zn(II) va Mn(II)
cham hon dang ké, chi dat 13-28% né)ng d6 ban dau sau 10 phut, mdc du sau do
tang toc, dat khoang 95-96% sau 240 phat. Do 6, cac dic tinh riéng biét cta timg
jon anh huong dang ké dén ca toc do va kha nang hap phu.

Céc phan tich dong hoc ctia qua trinh hap phu, dugc danh gia thong qua céac
mo hinh 1y thuyét khac nhau, chi ra rang su pht hop twong Ung véi cac md hinh
dong hoc khuéch tan 13 yéu nhat. Phat hién nay cho thiy ring su hip phu cua céc
jon kim loai trén bé mat chét hép phu chu yéu bi han ché bai giai doan tuong tac
giita chat hap phu va chat bj hip phu. Pang chu ¥, & ndong do ban dau 1a 20 mg/L
mdi ion, sy hip phu cia Mn(II) phu hop tot v6i ca ba mo hinh dong hoc bac mot (R?
= 0,996), m6 hinh dong hoc bac hai- moé hinh thtr ty (R* = 0,994) va m6 hinh
Elovich (R? = 0,985). Su hap phu Ni(Il) pht hop t6t v&i ca md hinh bac hai va mo
hinh Elovich (R? = 0,982), trong khi sy hip phu cua Cr(III) va Zn(I) cho thiy sy
phu hop tt nhat v6i mé hinh Elovich [25]. Su phu hop vuot trdi véi cac mo hinh
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bac hai va Elovich chi ra rang cac twong tac lién quan chil yéu c6 ban chat hoa hoc,
v6i bé mat hap phu khong dong nhat. Hon nita, viéc ting ndong do ban dau cia cac
ion kim loai 1én 100 mg/L mdi ion (Hinh 9), da tang su phu hop cia dit liéu thuc
nghiém véi cac mo hinh 1y thuyét. Mic do mé hinh dong hoc khuéch tan van 1a mé
hinh kém phu hop nhat nhung gia tri R? da cai thién trong khoang tir 0,87 dén 0,96.
Ca mo hinh dong hoc bac mot va bac hai déu 16n hon 0,99 (0,991-0,997 ddi véi mod
hinh dong hoc bac 1 va 0,994-0,999 ddi voi md hinh dong hoc bac 2), 16n hon ca
mo hinh Elovich, tuy R? theo mé hinh Elovich van dat 0,989-0,992. Diéu nay cho
thiy néng d6 ban dau ciing c6 anh hudng dén dong hoc cua qua trinh; khi nong do
ban dau ting 1én thi x4c sudt xay ra twong tac vat 1y cling ting 1én. Diéu nay cé thé
13 do mat do ion ting 1én va giam dang ké khoang cach gitta cac ion, do do ting
cuong tac dong cua cac twong tac vat 1y. Két qua 13, sy phi hop ciia mé hinh bac
mot cho thiy sy gia tang rd rét, trong khi cac twong tac héa hoc vén co duy tri sy
phu hop cho mé hinh béc hai va mé hinh Elovich.

Céc thi nghiém hap phu dong thoi duge thyc hién véi cac dung dich hdn hop
c6 nong d6 5 mg/L mdi ion (Hinh 10), 10 mg/L mdi ion (Hinh 11) va 25 mg/L mdi
ion (Hinh 12), KLH10h8g 2 g/L & pH 5 va 298 K theo thoi gian. Dit liéu hap phu
thue nghiém duoc phan tich theo dang phi tuyén cua cic mo hinh dong hoc khac
nhau, nhu dugc trinh bay chi tiét trong Bang 5.

0.05 0.05
—
;! :
0.04 | y 1 g 0.04 }
5 3 s
= il=
E - - E
o § o
003} R . 003} é o .
a) Mo hinh ddéng hoc béac 1_PFO ) Mé hinh déng hoc bac 2_PSO
= Cr5 R%=0643 = Ni5 R%=0.592 = Cr5,R%°=0.883 # Ni5 R?=0.873
4 7n5 ,R?=0576 ¥ Mn5,R%=0.649 4 7n5 R?=0877 ¥ Mn5,R?=0.888
0.02 . . . . 0.02 L L 1 L
0 50 100 150 200 250 0 50 100 150 200 250
Time (minute) Th&i gian (Phut)
0.05 0.05
0.04 | 0.04
o 5
= =
£ E
T o
0.03 | . 0.03 L ) ]
¢) M6 hinh déng hoc khuéch tan d) Mé hinh déng hec Elovich
m Cr5 R2=0927 = Ni5 R2=0953 ® Cr5 R?=00987 # Ni5 R?=00988
A& 7n5 R2: 0914 w Mn5 R2: 0.938 A Zn5, R?=0973 v M"5, R2=0.982
002 1 L L L 002 L L L L
0 50 100 150 200 250 0 50 100 150 200 250

Théi gian (Phut) Théi gian (Phut)



37

Hinh 10. Anh hudng cta thoi gian hip phu theo cdc mo hinh dong hoc cta hip phu
dong thoi cac ion Cr (IIT), Zn (IT) Ni (IT) va Mn (IT) 5 mg/L trén 2 g/L KLH10h8g
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Hinh 11. Anh hudng cua thoi gian hip phu theo cac mé hinh dong hoc cua hip phu
d6ng thoi cac ion Cr (I1T), Zn (IT) Ni (II) va Mn (IT) 10 mg/L trén 2 g/L KLH10h8g
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a) M6 hinh déng hoc bac 1 b) M& hinh ddng hoc bac 2
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Hinh 12. Anh hudng cta thoi gian hip phu theo cdc mo hinh dong hoc cta hip phu
ddng thoi cac ion Cr (IIT), Zn (IT) Ni (IT) va Mn (IT) 25 mg/L trén 2 g/L KLH10h8g

Su ¢6 mat déng thoi ctia bon loai ion trong dung dich, mdi loai co néng do 5
g/L (din dén ndng do téng cong 1a 20 mg/L, twong dwong véi mot dung dich ion
duy nhét 12 20 mg/L mdi ion), din dén su thay d6i dong luc hip phu cua timg ion
theo thoi gian, so véi su hip phu cia ting ion riéng 1é. Sau 10 phut tiép xuc, hiéu
suat hap phu Cr(III) va Ni(Il) giam xubng lan luot 1a 72,71% va 66,60%. Nguoc lai,
hiéu suat cua Zn(II) va Mn(Il) ting 1én dang ké, dat 64,16% va 58,87%. Sau 240
phut, hiéu suat hip phu dbi véi Cr(III), Ni(II) va Zn(II) 1an luot dat 99,20%, 98,68%
va 96,33%, cho thay sy cai thién so v6i hap phu ion don 1é; tuy nhién, hiéu suat cia
Mn(II) giam xudng con 93,73%. Mic du tht ty kha ning hap phuy giita cac ion kim
loai van phu hop véi thir tu quan sat dugc trong qua trinh hap phy don ion, nhung
kha nang hip phu ctia mdi ion thay d6i, dic biét 1 sy gia ting hiéu qua hap phu &

gia doan dau.

Khi ndng do ban diu ciia mdi ion ting 1én 10 mg/L va sau d6 1a 25 mg/L
(Hinh 11 va Hinh 12), mi twong quan gitta dit liéu thuc nghiém va cac mé hinh Iy
thuyét duoc ting cudng, twong tu voi cic quan sat tir cac nghién ctru hip phu ion
riéng 1¢. O ndéng do ban dau 1a 10 mg/L mdi ion trong dung dich hdn hop, gia tri R

theo mo hinh Elovich van 1én nhat, vuot troi dang ké so v6i cac md hinh khac.
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Nhung khi nong d6 ban dau trong dung dich hdn hop ting 1én 25 mg/L mdi ion
(twong duwong 100 mg/L trong hap phu don ion), gia tri R* cho md hinh khuéch tan
trong hat 13 thdp nhung di ting tir 0,916 dén 0,969. Cac gia trj R? theo ba mé hinh
con lai gﬁn nhu théng nhét: R? theo md hinh Elovich dat 0,989 dén 0,995, theo mo
hinh PFO 1a 0,987 dén 0,999 va mé hinh PSO dat gia tri cao nhét, tir 0,997 dén
0,999. Nhimg két qua nay phu hop hap phu don ion; Khi ndng d¢ ion trong dung
dich ting 1én, khoang cach khong gian giita cac ion va giita cac ion va chat hap phu
giam di, thiic ddy tuong tac manh hon giita cac ion va véi bé mat chat hap phu. Do
d6, dong hoc cua qua trinh hip phu bj thay ddi so v6i khi ndong d6 ion thip hon, véi
cac tuong tac vat Iy giita chit hap phu va chit hip phu ngay cang trd nén quan
trong.

Anh hudng cua nhiét do dén dong hoc hép phu da duogc thuc hién, phan tich va
diéu chinh phu hop véi dang phi tuyén ctia md hinh dong hoc Elovich, nhu dugc
minh hoa trong Hinh 13 va dugc trinh bay chi tiét trong Bang 6.
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Hinh 13. Sy hap phu don ion 20 mg/L/ion va hap phu dong thoi 5 mg/L/ion bang 2
g/L KLH10h8g & pH 6, 313K theo thoi gian va mo6 hinh dong hoc Elovich.

Hinh 13 minh hoa ring dong hoc hap phu theo thoi gian trong ca qua trinh hip
phu ion don va hdn hop 6 313 K thé hién cac diac diém tuong tu nhu cac dac tinh
quan sat dugc ¢ 298 K, phu hgp vo1 mo hinh dong hoc Elovich. Tuy nhién, kha
nang hap phuy tang nhe the nhiét do, nhu trinh bay chi tiét trong Bang 6.

Pé nghién ciru sdu hon vé co ché ciia qua trinh hap phu, dai lugng R, (Rp =
1/(qreke)), déng vai tro 1a hé sb can bang tiém can, duoc tinh theo phuong trinh
Elovich, trong d6 qer biéu thi lvgng hip phu tai thoi diém t = ter (mg/g), ter 12 thoi
gian dai nhét cua qua trinh hp phu (phut) va ke 1 hing sb Elovich (g/mg). Két qua
tinh toan chi ra rang chi trong hap phu ion don Cr(III) va Ni(II) & ndng do ban dau
14 20 mg/L, cling nhu trong hap phu Cr(IIl) tir dung dich hdn hop & nong do 5
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mg. /L mdi ion, gia tri Re nam trong ving IIT (Rg = 0,02 dén 0,1), cho thdy duong
cong hap phu dang ting 1én nhanh chong. Nguoc lai, cc truong hop con lai hién thi
gia tri Re trong vung II (Re = 0,1 dén 0,3), twong Gmg véi ving IV, trong d6 dudng
cong hap phuy ting nhe hon [63], phu hop véi dic diém hap phu hoa hoc nhu mé ta
cua phuong trin Elovich.

Bang 6. Cac thong s6 dong hoc va nhiét dong ctia qué trinh hap phu Cr(II), Ni(Il),
Zn(II) va Mn(II) trén KLH10h8g.

Individual adsorption Simultaneous adsorption
Adso | Kinetic 20 20 100 5 5 10 25
rbate | parameters mg/L/ion  mg/L/ion | mg/L/ion | mg/L/ion mg/L/ion | mg/L/ion | mg/L/ion
298 K 313K 298 K 298 K 313K 298 K 298 K
Qeexp (10°'mM/g) 18,48 18,39 84,08 4,72 4,55 9,19 21,77
Vo(mM.g".min™) 247,29 84,06 | 3,91,10° 1,72 7,97,10° 0,31 1,41.107
Cr | Re 0,087 0,124 0,247 0,066 0,071 0,013 0,279
am | Ke 129,13 21,89 10,83 34,26 28,92 28,23 7,63
AG (kJ/mol) -12,04 -8,03 -5,90 -8,76 -8,76 -8,28 -5,03
AH (kJ/mol) -91,7466 -8,7500
Qeexp (10°’mM/g) 16,19 15,98 72,85 4,12 3,94 7,86 18,25
Vo (mM.g".min™) 6,28 3,15 | 3,14.107 0,20  5,59.10%| 5,79.10° | 8,88.10°
Ni | Re 0,108 0,126 0,272 0,087 0,093 0,063 0,279
(I1) Kc 86,90 17,39 7,02 33,12 22,73 16,93 6,90
AG (kJ/mol) -11,06 -7,43 -4,83 -8,67 -8,13 -7,01 -4,79
AH (kJ/mol) -83,19 -19,46
Qeexp (10°mM/g) 14,00 13,83 64,68 3,59 3,43 6,83 15,51
Vo (mM.g".min™") 1,10.10*  1,11.10% | 2,50.107 0,15  3,52.10%| 1,83.10° | 6,32.10°
Zn Re 0,112 0,132 0,283 0,237 0,231 0,187 0,282
(1) Kc 26,25 11,74 4,99 15,67 13,06 11,12 6,63
AG (kJ/mol) -8,10 -6,41 -3,98 -6,82 -6,69 -5,97 -4,68
AH (kJ/mol) -41,61 -9,44
Qe.exp (10°mM/g) 16,19 16,09 75,25 4,24 3,87 8,02 18,15
Vo (mM.g".min™") 7,35.10°  7,66.10% | 2,76.10% | 5,54.10%  3,28.107 | 1,44.10%| 6,42.10°
Mn | Rg 0,130 0,137 0,295 0,278 0,266 0,288 0,285
(1) Kc 14,94 5,97 4,08 8,01 8,08 7,86 4,97
AG (kJ/mol) -6,70 -4,65 -3,49 -5,33 -5,44 -5,11 -3,97
AH (kJ/mol) -47,46 -3,24
e, 0,138-0,185 0,65+0,34 0,17 0,16 0,32 0,74
exp

Bang 6 chi ra ring, tong kha ning hip phu cua cac ion tir dung dich hdn hop
chira bon ion nam trong pham vi kha nang hp phu riéng ctia timg ion & cling nong
d6 tong ban dau (20 mg/L hoic 100 mg/L), chimg t6 kha ning hap phu ion dong
thoi cao. Su twong tac giita cac loai ion khac nhau anh hudng dén kha nang hap phu
trong hé hip phu da ion,

Xét vé& mat nhiét dong luc hoc cua qua trinh hép phu, cac gia tri cua AG luon

am, cho thay qua trinh hip phu 14 ty phat va thuan loi vé mat nhiét dong. V& ning
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luong, gia tri AH cho cc qua trinh hap phu don ion nhé hon 20 kJ, cho thiy cac qua
trinh ndy cha yéu duoc dic trung bai sy hap phu vat ly. Tuy nhién, trong qua trinh
hap phu dong thoi ctia bén cation, cac gia tri AH déu am (qua trinh toa nhiét) va Ién
hon 41 kJ, cho thiy hdp phu héa hoc 13 co ché chinh. Két qua ndy cho thdy ring sy
tuong tac gitra cac ion hién dién dong thoi din dén nhing tic dong ldn nhau lam

thay d6i ban chat tuong tac cua ching véi ca bé mat chat hap phu va chat hap phuy.
3.2.4. Kha ning xur Iy mau thuc

Céc nghién ciru dugc thuc hién & cac nong do khac nhau chimg minh rang
hydrochar c¢6 ngudn gbc tir ba sa c6 tiém ning dang ké trong viéc hap phu dong thoi
Cr (III), Zn (II), Ni (I) va Mn (II), cling nhu cac ion khac. Mot s6 mau that (v6i
thanh phan khac nhau) duoc chon ngiu nhién dé danh gia kha nang tng dung thuc
té cua vat liéu. Cac mau thue duoc léy tor dong thai ctia qué trinh luyén kém, da
dugc xir Iy so b bang kiém hoa dé két tua hydroxit, sau dé axit héa dén trung tinh
(MAu 1) va tir nwéc mat chay tir mot ngdi lang san xuat tha cong (Mau 2). Cac phan
tich dinh tinh va dinh lugng vé thanh phﬁn mau dugc thuc hién béng ICP-OES, cho
théy su hién dién cta nhiéu cation khac nhau va anion SO+2. Hiéu suit va kha nang

hap phu ctia cac cation khac nhau trong cac mau thuc dugc minh hoa trong Hinh 14.
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Hinh 14. Hiéu suat hap phu va kha ning hap phu cia KLH10h8g doi v4i cidc mau
thuc té.

Do tinh chit ngiu nhién cia miu, ndong dd cac ion trong dung dich khong
ddng nhit. Hai cation Na* va Ca?* c6 mit trong dung dich nhung kha ning hip phu
ctia ching tuong d6i yéu. Ai luc hip phu ciia Ca® 16n hon so voi Na' phu hop véi
kha niang hap phu c6 xu huéng ting theo dién tich va ban kinh ion. Tuy nhién, than
sinh hoc KLH10h8g khong chi duy tri dugc kha ning hap phu cao ddi voi Cr, Ni,
Mn va Zn ma con thé hién kha niang hap phu dang ké dbi vai Cd, Pb va Co. Nhiing
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két qua nay chi ra thém rang sy hién dién ctia Na* va Ca? khong c6 anh huéng dang
ké dén hiéu suat hap phu cta cac ion kim loai ning ndy. Tuy nhién, mau cho thiy
kha ning hip phu As khong dang ké, c6 thé 1a do As chiém wu thé ¢ dang anion hon
1a & dang cation. Nhirng phat hién ndy nhan manh tiém ning dang ké ctia mau dbi

v6i1 cac ing dung thuc té, it bi anh huong boi su ¢ mat cac ion hoa tan khac.
3.2.5. Co ché hap phu

Nhiing phat hién tir cac nghién ciru md hinh dang nhiét hap phu chi ra rang ca
qué trinh hap phu don va da ion déu tuan theo mo hinh dang nhiét Freundlich, cho
thdy rang sy tuong tac giita chat hip phu va bé mat chat hip phu chua yéu la vat 1y.
Céc nghién ctru vé hap phu dong hoc di ching minh ring viéc ting ndng do ban
dau cua chat hip phu s& hd tro thém cho cac dic tinh hip phu vat Iy ciia qua trinh.
Ngoai ra, @6 pH cua dung dich sau khi hip phu don va da ion déu ting 18n, cho thay
cac ion H* duoc hap phu dong thoi véi cac cation nghién ctru. Quan sat nay cho
thdy cac tuong tac giita chat hap phu va chét bi hap phu bi chi phbi boi lyc hut tinh
dién, mot dang tuong tac vat 1y. Thuc té, tai pH 6, ion Cr(III) d4 bi thity phan nac 1
thanh Cr(OH)?* hay thuy phan hoan toan thanh Cr(OH); rat kho dé xac dinh chinh
xac. Tuy nhién, néu Cr(III) bi thily phan hoan toan thanh hydroxide thi Cr(OH); s&
khong bi hip phu ma chi bj ling dong trén bé mat KLH10h8g, khong lam anh
huong t6i ciu trac va tin hiéu phd cua KLH10h8g sau hip phy. Pé kiém ching diéu
nay, cac mau vat lieu KLH10h8g trudc va sau hap phu Cr va hdn hop cac ion da
dugc do phd XPS (hinh 15), thé zeta va phd FTIR (hinh 16).

2
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Hinh 15. Phd XPS cua KLH10h8g trude va sau hip phu: a) XPS tong thé; b) oxygen; c)
Carbon; d) Crom; e) Nickel; f) Zinc; g) Mangan

(ghi cha: KLH10h8g trudc hip phu: duong mau den; sau hdp phy Cr: dudng mau xanh;
sau hap phu hdn hop cac kim loai: dudng mau do)

Pudng mau den trong hinh 15a cho thdy: mau KLH10h8g trudc hap phu cha yéu
chtra C (dinh phd tai ~284,7 eV) va oxygen (~ 532 eV), mot lwong nho Nitrogen (~399
eV), khong co mit cac nguyén té kim loai. duong mau xanh va doé trong hinh 15a cho thy:
su c6 mit cac kim loai ning trén mau sau hép phu, cu thé dugc lam rd tir cac phé thanh
phan ¢ cac hinh 15d.e,f,g. Hinh 15d, peak tai 587,9 eV g véi Cr 2p,, xac nhin sy c6 mit
ctia Cr*', peak tai 577,5 eV cua Cr 2ps; chi ra rang mot phan Cr(III) da bi oxi hoa thanh
Cr(VI) hip phu trén bé mat vat liéu [61]. Hinh 15e, peak ctia Ni** 2ps, tai 856 eV va Ni*'
2py» tai 873,5 eV xac nhan sy c6 mit ciia Ni sau hap phy. Hinh 15f xuat hién hai dinh tai
1044 eV va 1022 eV tng v6i Zn>* 2py» va Zn> 2pss. Phd clia Mn 2p gdm Mn?* 2p, tai 652
eV va mot dinh rong tai 641-642 eV, c¢6 thé do sy chong 1an cia tin hiéu phd cia Mn> 2ps.,
va Mn®* 2pss, (Hinh 15g). [64]. Nhu vay, ngoai trir Zn(II) kha bén thi cac ion Cr(III), Ni(II)
va Mn(II) trong qué trinh hap phu déu b oxi hoa mot phan. Phan tich phd XPS ctia oxygen
(Hinh 15b) va carbon (Hinh 15¢), bing cach fittig theo ham Gaussian, chi ra rang, vi tri va
cudng d6 cua cac dinh phé dic trung cua cac dang lién két khac nhau trong mau sau hap
phu déu c6 sy dich chuyén nhe. Nhu O rong lién két C=0 tir 530,8 eV dich chuyén vé
531,3 eV; O trong 1én két O=C-O tai 533,9 eV bién mét sau hap phu CR ciing hu hdn hop
cation; C trong lién két C=C, C-O va C=C ciing giam cudng d6 va dich chuyén [65, 66].
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Sau hap phu con xuét hién mot dinh hé nhé dic trung cho lién két C-Me tai ving 283,3 eV
[67]. NHu vay, moi két qua déu xac nhan su hép phu cua Cr Ién bé mat mau, chung to tai
pH 6, Cr(IIl) khong bi thay phan hoan toan va van bi hap phy manh bsi KLH10h8g, va
tuong tac gitra cac kim loai vdi bé mat vat lidu c6 phﬁn anh hudng cua tuong tac hoa hoc.
Hinh 16a cho thay thé { ctia bé mit chat hdp phu trudc khi hip phu 1a -24,89
mV, biéu thi bé mat tich dién 4m & pH 6 (pht hop véi pHpze xac dinh). Gia tri nay
tang 1én -18.88 sau hip phu Cr, mic du khong nhiéu nhung chimg minh Cr(III) ton
tai dang cation tan trong dung dich va hap phu 1én bé mit lam trung hoa mot phan
dién tich bé mat vat liéu. Thé bé mat vat liéu tang to1 -6,92 mV sau khi hép phu
déng thoti, cho théy dién tich bé mat am da bi trung hoa dang ké boi sy ¢ mat cua

cation kim loai va ion H*, hay tuong tac nay thé hién dic diém cua tuong tac vat ly

trong hap phu.
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Hinh 16. Thé dién dong hoc zeta (a) va phd FTIR (b) ciia KLH10h8g trudc va sau
hép phu.

Céc phan tich quang phé FT-IR duoc thuc hién trén vat li€u trudc va sau khi
hap phu (Hinh 16b chi ra rang cac dinh dic trung cta lién két ankan C-H (khoang
2900 cm™) khong c6 su thay doi dang ké sau hap phyu. Nhung céc dinh twong tng
v6i lién két vong thom dich chuyén nhe sau khi hap phu timg ion va da ion. Dinh
pho lién két véi cac lién két O-H trong ving khoang 3400 cm™ thé hién su khac biét
dang chu ¥ sau sy hip phu cua ca don ion va da ion. Pinh phé dic trung cho lién két
O-H trong vung khoang 3400 cm™ thé hién sy khac biét dang cha ¥ sau su hap phu
ctia ca don ion va da ion. Cu thé, sau khi hap phu Cr(III) va Zn(II), pic niy m& rong,
nguoc lai, sau khi hap phu Ni(II) va Mn(II), ciing nhu trong qua trinh hap phu da
ion, pic da bi thu hep lai. va vi tri dinh bi dich chuyén, cho thay cac lién két bi anh
huong boi sy tuong tac vdi cac cation kim loai. Tuong tu, su dich chuyén ciing

dugc ghi nhan ddi voi cac dinh phd twong tmg véi lién két C=0 va C=C trong
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khoang 1600-1700 cm™. Cac lién két nay dugc dac trung boi mat do electron cao
hodc lién quan dén cic nguyén tir co cip electron khong chia sé, cho thiy do am
dién tang cao va kha nang tuong tac véi cac cation thong qua luc tinh dién hodc lién
két cho-chip voi quy dao tréng cua cation kim loai ning [ 25, 61, 68]. Piéu nay
cung cap bang ching thuyét phuc ring cic tuong tic gita chat hip phu va chat bi
hap phu c6 tinh chat hoa hoc.
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KET LUAN
Pé tai da dat dugc muc tiéu dé ra:

1. Thiét 1ap dugc quy trinh t6i wu ché tao than sinh hoc thily nhiét ba sa: 8 g
bd phan tan trong 50 MI nudc cét, trong binh 100 mL, thay nhét & 240°C 10 h va
hoat hoa bang ngam kiém KOH 5 M 24 h & nhiét d6 phong. Hydrochar sa thu dugc
b céu tric Xép, phan thanh cac manh nho kich thudcl.5 x 5 um, dién tich bé mat
riéng 32,66 m*g, thanh phan hoa hoc chinh 1a C v6 dinh hinh va con mot phan cau
trac cenllulose va GO voi cac vong thom va céc lién két giau electron trong ciu

truc.

2. Hydrochar sa thé hién kha ning hip phu tét dbi voi cac cation Cr(Ill),
Ni(II), Zn(IT) va Mn(I), ca riéng 1é va dong thoi trong dung dich hdn hop. Kha
ning hip phu theo trinh ty: Zn(Il) < Mn(II) < Ni(II) < Cr(III), chiu anh huéng cta
chi s6 cong hoa tri va dién tich ion. Hydrochar sa co tiém nang hap phu dang ké cho

cac ung dung thuc té trong vi¢c loai bd cac ion kim loai nang trong nudc thai.

3. Dit liéu thuc nghiém hip phu don hay dong thdi cac ion déu tuan theo mo
hinh dong hoc Elovich. Khi ndng d6 ban dau ting 1én, su phu hop theo cac mé hinh
dong hoc bac mdt va bac hai tang Ién. Hép phu don ion tudn theo mo hinh drfmg
nhiét hap phu Freundlich con hap phu dong thoi cac ion tuan theo mo hinh MES.
Khi hip phu dong thoi cc ion di xdy ra tuong tic canh tranh giita cac ion trong
dung dich mic du tac dong cia ching rat nhé do sy c6 mit cua cic cation hodc
cation hoa tan khac. Co ché hap phu hdn hop gdm ca hip phu hoa hoc va luc hut
tinh dién. Qua trinh hip phu 1a ty phat.
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Can cir Hop dong sé 86/HD-KHCN ngay 01/6/2023 gitra Truong Dai hoc Khoa
hoc va Ba Chu Thi Hong Huyén
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Nguyén, ching toi gdm:
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- Pai dién: PGS.TS. Pham Thé Chinh
- Churc vu: Pho hiéu truéng
- Dia chi: Phuong Tan Thinh — TP Thai Nguyén.
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Hai bén thong nhat ky két bién ban nghiém thu va thanh 1y Hop dong sb
86/HD-KHCN ngay 01/6/2023 vé viéc thuc hién dé tai Khoa hoc va cong nghé cip Co
s& nam 2023 v&i ndi dung cu thé nhu sau:

Diéu 1: Thoa thuin vé két qua thue hién Hop dong

Bén B da trién khai cic ndi dung nghién ctru nhur trong Piéu 1 cta Hop dong s6
86/HD-KHCN ngay 01/6/2023 vé viéc thuc hién dé tai Khoa hoc va cong nghé cp Co
s& nam 2023 va da ban giao diy du cho Bén A céc san pham KHCN dugce néu rd trong
Hop dong;

Bén A xdc nhén céc ndi dung nghién ctru va cac san pham KHCN do Bén B ban
giao 1a ding v&i yéu cau cu thé vé chuyén mon nghiép vu va thoi gian & Diéu 2, Diéu
3, Piéu 6 clia Hop dong sé 86/HD-KHCN ngay 01/6/2023 vé viéc thuc hién dé tai
Khoa hoc va cong ngh¢ cép Co sd nam 2023;

Didu 2: San phiam ban giao

Bén B ban giao va Bén A cac san phim theo yéu cau trong hop dong da ky:

g7t | Vo dungnghin < | oy 1S Théi gian Két qua ol

ciru lugng chu

1 |Bdocdotongkét |Baocao | 01 |6/2023-4/2025 | Pat yéu clu

Bai bao quc té ;
2 Bai béao 01 6/2023-4/2025 | Dat yéu cau
[S1/Q1

Tong cong 02

Sau khi tién hanh giao nhan, hai bén cung xac nhan:
+ D 56 lugng bdo cdo nhu da néu trong hop dong: 01 béo cdo tdng két + 01 bai
bdo ISI/Q1
Piéu 3: Thoi thuin vé nghia vu tai chinh
Téng gié tri hop dong: 40.000.000 dong. (Bon mucoi triéu dong chén).
S6 tién Bén A da tam (g cho Bén B 12 0 ddng. (Khong dong).
S4 tién Bén A con phai thanh toan cho Bén B 1a 40.000.000 ddng. (Bén muoi
triéu dong chéin)
Bén A phai thanh todn s tién con lai cho bén B sau khi hai bén hoan thién day

du cac chung tir ¢6 lién quan.
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Diéu 4: Thoa thuin nghiém thu va thanh Iy hop dong

Hai bén thong nhat ky Bién ban nghiém thu va thanh Iy Hop déng sé 86/HD-

KHCN ngay 01/6/2023 vé viée thuc hién dé tai Khoa hoc va cong nghé cip Co s

nam 2023.

Bién ban nghiém thu va thanh 1y hop dong nay duoc lap thanh 3 ban, c6 gia tri

phép Iy nhu nhau, mdi bén gitt mot ban, 1 ban lam chimg tir thanh toan. /,{/

Pai dién bén A

KT, HIEU TRUONG
PHO HIEU TRUONG

PGS.TS. :%’{un Dke Chinkl

)/

Ngay 10 thang 04 nam 2025
Chii nhiém deé tai

U

Chu Thi Hong Huyén




DAT HOC THAI NGUYEN CONG HOA XA HOQI CHU NGHIA VIET NAM
TRUONG PAI HQC KHOA HQC Poc 1ap - Tw do - Hanh phiic
$6:970 /Qb-DHKH Thdi Nguyén, ngan))3 thang & nim 2024

QUYET PINH
Vé viéc duyét trién khai thyc hién dé tai khoa hoc va cong nghé cap co so
dot 1 thwe hién tir nim 2024 cia can bg, giang vién

HIEU TRUONG TRUONG PAI HQC KHOA HQC

Cén cir Quyét dinh sé6 1901/0P-TTg ngay 23/12/2008 cua Thii twdng Chinh phil
vé viéc thanh ldp Truong Dai hoc Khoa hoc truc thugc Dai hoc Thdi Nguyén;

Ciin cik Nghi quyét s6 30/NQ-HPTTPHKH ngay 29/3/2021 cia Hoi dong truong
Trueong Pai hoc Khoa hoc vé viéc ban hanh Quy ché t6 chike va hoat dong cua Truong
Dai hoec Khoa hoc;

Cdn cit Quyét dinh sé 240/0P-PHKH ngay 30/3/2018 ciia Hiéu truéng Truong
Bai hoc Khoa hoc ban hanh Quy dinh vé cong tdc quan Iy khoa hoc va cong nghé cia
Truong Dai hoc Khoa hoc;

Can cir Quyét dinh so 849/0P-DHKH ngay 14/5/2024 ciia Hi¢u truong Truong
Pai hoc Khoa hoc vé viéc phé duyét danh muc dé tai khoa hoc va céng nghé cép co sé
dot 1 dwa ra tuyén chon thuee hién tir nam 2024;

Cdn cir Bién ban hop ngay 31/5/2024 cua Hoi dong tuyén chon thuyét minh dé

1i khoa hoc va cong nghé cdp co sé nam 2024;
Theo dé nghi ciia Vién trieomg Vién Khoa hoc va Cong nghé.

QUYET PINH:

Pidu 1. Duyét trién khai 25 d tai nghién ctru khoa hoc cap co s& dot 1 thuc
hién tir nam 2024 cta can bd, giang vién va kinh phi hd trg cho moi dé tai (c6 danh
sdach kem theo).

Pidu 2. Quyét dinh c6 hidu luc ké tir ngay ky.

Céc 6ng (bd) Vién trudng Vién KH&CN, Phy trach ké todn, Trudng céc don vi
¢ lién quan va céac ¢ nhan c6 tén trong danh sach tai Diéu 1 chiu trach nhiém thi
hanh Quyét dinh nay./. /gj/

Noi nhin:

- Nhu DPiéu 2 (th);

- BGH (b/c);

-QLVB;

- Luu: VT, Vién KH&CN (OB)Uz /




PAI HOC THAI NGUYEN
TRUONG PAI HQC KHOA HQC

DANH MUC PE TAI KHOA HQC VA CONG NGHE CAP CO SO DOT 1

THUC HIEN TU NAM 2024
(Kem theo Quyét dinh s6 930 /OP-DHKH ngay() 3 thding £ nam 2024 ciia Hiéu truong Truong Dai hoc Khoa hoc)

CONG HOA XA HQI CHU NGHIA VIET NAM

Poc lap - Tw do - Hanh phic

Kinh phi
Toéng | tir ngudn
" el ——— San pham 3 kinh phi | donvi | Nguén | Thdigian R
S Tén dé tai, Gh
TT én de tai, nhiém vu Chii nhiém BT a3 tai Ma so (trigu chit tri i thyc hign i cha
ddng) (triéu
dong)
Thuét toan xép xi nghiém cho mét 16p bai PGS.TS. Truong Minh sy 6/2024- ;
) ity Tuyén - 01 bai bao SCIE-Q2 | CS2024-TN06-01 30,0 30,0 S 12 thang
Phuong phap chiéu c6 quan tinh giai bai toan x < TR 6/2024- ,
2 lnan Bt g i BiiThert TS. Nguy&n Song Ha |- 01 bai bdo SCIE-Q2 | CS2024-TN06-02 30,0 30,0 i 12 thang
, A . . ha 5 b\ - t e L - 2
y | Thohion ahsA phiin s b fodn WL 00 WA Lre pys THE VIS An |01 BAibEOSCIEQR | C52004-TNOG:03 30,0 30,0 it 12 théng
c6 tham so 5/2025
Ha i phi kett tré i % . - :
5 |PRREIE pULEockell: ree (sl TS. Nguy&n Thanh Son |- 01 bai bdo SCIE-Q1 | CS2024-TN06-04 40,0 40,0 e 24 théng
symplectic 6/2026
Nghién ciru co ché hip thu va mat mét séng vi .
5 ba ciia vét liéu composite nén Ba;Co;Fe,0;, ;?S'TS' Neuyen Van |, yi béo SCIE-QI | €S2024-TN06-05 40,0 40,0 ggggz' 24 thang
két hop véi vat liéu dién méi e
Nghién ctru co ché hap thu va mat mét séng vi o
6 |ba trong vt li¢u hexaferrite nén TS. Nguyén Thi Dung |- 01 bai bdo SCIE-QI CS2024-TN06-06 40,0 40,0 ' 24 thang
6/2026
Ba3C02F624O41
Ché tao va nghién ciru céc tinh chét ctia chét B o
7 |16ng nano lai dua trén nano kim loai va POS/TS. Ngwen Vin |- (0 bdibin SCIRQR. | oo paioe. 67 40,0 40,0 st 12 thang
nanocarbon Hao - 01 sach chuyén khao 5/2025

/s



Kinh phi
Téng | tir nguon
I p s San phim e kinh phi | don vi Ngudn | Thoi gian s 0
h
STT Tén de tai, nhiém vu Chi nhiém PT a3 tai Ma so (tridu chii tri khic thige iba Ghi chu
déng) (triéu
dfing)
Ché tao va nghién ciru tinh chat hép thy manh 6/2024-
8 |s6ng dién tir trong ving tan s6 2-18 GHz cia |TS. Chu Thi Anh Xuén |- 01 bai bio SCIE-QI CS2024-TN06-08 40,0 40,0 6/2026 24 thang
vt liéu t& hop nén BiFeO3
Ché tao va nghién ciru hiéu (ng tuong tac 5 !
9 |dign-tir ciia vt liu BaTi, Fe,O; tai bién pha | 11> Neuyen Thi - 01 bai bo SCIE-Q1 | CS2024-TN06-09 40,0 40,0 i 12 thang
Z £ Khanh Vén 5/2025
hinh thai.
Nghién citu ché tao vit liéu nano t6 hop 6/2024-
10 |ZnO/Au tmg dung xir 1y ngudn nudc bi 6 TS. Nguyén Thi Luyén |- 01 bai bao SCIE-Q2 CS2024-TN06-10 30,0 30,0 6/2026 24 thang
nhiém
Ché tao va nghién ciru tinh chit quang cua x -
11 |mét sb ion it hiém trong cic Nano tinh théL C o1 > NEUEn XN | ) 1oi 1o SCIE-Q1 | CS2024-TNO6-11 40,0 40,0 G 24 thang
oo AE. B : T Ca 6/2026
ban dan, nén da tinh thé va thuy tinh
Ché tao va nghién ciru tinh chéit quang, quang
xic tac coa vAt liéu nano compossit 6/2024-
12 |ZnO/Fe203, ZnO/Ag, ZnO/Ag/Au nhim @ng|PGS.TS. Vii Xuin Hoa |- 01 bai bdo SCIE-Q2 CS2024-TN06-12 30,0 30,0 /2025 12 thang
dung trong phat hién va phan huy mét sb chat
méu hiru co.
Nghién ciru ting cudng hiéu (mg quang va 6/2024-
13 |dién-tir trén nén vat liéu multiferroic BiFeO3,|PGS.TS Lé Tién Ha - 01 bai bao SCIE-QI CS2024-TN06-13 40,0 40,0 12 thang
ST 5/2025
BaZrO3 pha tap céc ion dat hiem
Nghién ciru co ché (e ché t& bao ung thu ciia 6/2024-
14 |phin doan giau saponin tr cdy La khdi|NCS. Hita Nguyét Mai |- 01 bai bdo SCIE-Q2 (CS2024-TN06-14 30,0 30,0 6/2026 24 thang
(Ardisia gigantifolia Stapf.)
15 l\ighler} clru dac' tmg cla té bao ung thu da day[PGS.TS. Lé Thi Thanh | 01 bai béo SCIE-Q! CS2024-TNO6-15 40,0 40,0 6/2024- 24 thing
song sot sau khi chiéu tia plasma. Huong 6/2026

o




Y o2 &\
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Kinh phi
Téng | tir nguon
. i i - San phim . & kinh phi | donvi | Ngudn | Théigian e
TT Tén dé t :
S én deé tai, nhiém vu Chu nhiém PT a3 tai Ma so (trigu chii tri khic thyre hign Ghi cha
dong) (triéu
dong)
Nghién ciru tinh trang 1y nhiém va mirc do
16 [khing thuoc clia ve ky sinh trén ong mét Apis |TS. Trugng A Tai |- 01 bai bdo SCIE-Q1 | €S2024-TNO06-16 40,0 40,0 e = 24 théng
mellifera & Viét Nam. 6/2026
Anh huéng clia méi truéng thiy nhiét téi dic 6/2024-
17 |trung va kha ning hip phu mét s6 chdt mau  |TS. Truong Thi Thao |- 01 bai bao SCIE-QI CS2024-TN06-17 40,0 40,0 24 thang
: S e — 6/2026
ctia hydrochar bd chung cét tinh dau sa
: G i v i R 2
ki b g A 02 i rong e
18 | & con i With, & 5k 1 tdp ‘Bal TS. Phi Pinh Khuong  |( tir 1,0 d tré 1én) CS2024-TN06-18 15,0 15,0 Eio 12 thang
hoc Khoa hoc — Pai hoc Thai Nguyén
Tiéu thuyét lich sir Viét Nam dau thé ki XXI - 01 bai bao qubc té
tir goc nhin phé binh nit quyén (nghién ciru — '-02 bai bao trong nudc 6/2024- 2
2 : 2 = 24 th
19 | irubme hop séing t5c.ctia Trdn Thuy Mai v | Lo © 0 14 Hanb (tir 1 tr 1én) CRERaTIR 38 24 6/2026 P
Trudng An) - 01 sach chuyén khao
Giai phép tang cudng thu hit khach du lich Etgllgat‘ gal‘f ‘;""g e -
20 |Trung Quéc véi thi truémg Viét Nam giai  |ThS. Nguyén Vin Tién roen | £$2024-TN06-20 17,5 17,5 24 thang
- 01 sach chuyén khao 6/2026
doan 2025-2030
Tiép nhan phim truyén hinh lich sir Trung -01 bai qudc té 6/2024- ?
& : "5 . Phi g s g . . - 4 th
21 | Qudc tai Viét Nam (thp nién 90 thé ki XX) |1 Fnung Phuong Nea | g, pai bso trong nuge| CS2024-TN06-21 Ly Sk 612026 S
(tir 1d trgs 16n)
5 53 3 T A . - 01 bar quoc te
Béo dam quyén dugc tiép can thong tin cho x Fra ; il i ’
9, |ngruth, dllin e ik 5B B Gy filln-tinky Th) > e ThiHodng | U1 b6 bt Bongminie | ooy mings 17,5 17,5 Gaae 24 thang
: Lan (tir 1 diém trd 1én) 6/2026
Nguyén.
Nghién ciru xay dung san phdm du lich trai —
" s B S et oot . - 01 bai bdo Scopus 6/2024- y
23 |nghiém dua trén gia tri tw nhién, vin héa va  |TS. Chu Thanh Huy {1 séich chuylin ko CS2024-TN06-23 25,0 25,0 6/2026 24 thang

lich sir tai tinh Thai Nguyén
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Kinh phi
Téng | tir ngudn
- A . ’ . A 5 s, i
STT Tén d? tai, nhiém vy Chii nhiém DT e M sb Uiahpit | domy) | Dguis | Theigom | o 0
" > de tai (triéu chu tri khac thuc hién
ddng) (triéu
dong)
So sénh phwong tién biéu hién nghia lién nhan . ;
24 |rong cic bk béo khoe. hoc King fifng Anh|THS. Disong Thj Thilp | /0> PALDAUORE MUGE. | ooy rai60d 15,0 15,0 i 24 thang
<k o (tir 1 diém trd 1€n) 6/2026
(M) va tiéng Viét
Nghién ctru van dung marketing dia phuong y : '-02 bai bao trong nudc
25 ik thihe @y plelh il i lichtioh ThE | Dhoang Thy (tir 1 diém tror 1én) CS2024-TN06-25 15,0 15,0 sl 24 théng
5 Phuong Nga 6/2026
Nguyén
Tong cong TITS 7718

Danh myc gom 25 dé tai./. /w



DAI HQC THAINGUYEN  CONG HOA XA HQI CHU NGHIA VIET NAM

TRUONG PAI HQC KHOA HQC Pic Iap — Ty do — Hanh phiic
S6: 4 7 /QD-PHKH Thai Nguyén, ngay/¥ thang 3 ncm 2025
QUYET PINH

Vé viéc thanh lap Hji dong nghi¢m thu
dé tai khoa hoc va cong nghé cdp co s&, ma s6: CS2024-TN06-17

HIEU TRUONG TRUONG PAI HQC KHOA HQC

Cdn cir Quyét dinh s6 1901/QD-TTg ngay 23/12/2008 ciia Thii twéng Chinh phi
vé viéc thanh Idp Truong Pai hoc Khoa hoc triec thude Dai hoc Thdi Nguyén,
Céin cir Nghi quyét sé 30/NQ-HPTTPHKH ngay 29/3/2021 ciia Hpi dong truong
Truong Dai hoc Khoa hoc vé viéc ban hanh Quy ché 16 chirc va hoat déng ciia Truong
Dai hoc Khoa hoc,
Céin cir Quyét dinh s6 464/QP-DHKH ngay 28/4/2022 cua Hiéu truéng Truong
Dai hoc Khoa hoc ban hanh Quy dinh vé cong tdc quén Iy khoa hoc va cong nghé cia
Truong Pai hoc Khoa hoc;
Can cir Thuyét minh d@é tai khoa hoc va cong nghé cdp co 56 “Anh huong cua
méi trwong thuy nhiét t6i ddc trung va khd ndng hdp phu mét s6 chdt mau cia
hydrochar ba chung cdt tinh ddu sa”, ma sé: CS2024-TN06-17 do PGS.TS. Truong d/r&’}‘"
Thi Thdo la chi nhiém dé tai; % TRUG

Theo dé nghi ciia Vién truéng Vién Khoa hoc va cong nghé. \!- \ KBHA()I H
\< A

[ . 7
| QUYET D}NH. ’ \\C_

Piéu 1. Thanh lap Hoi dong nghiém thu dé tai khoa hoc va cong nghé céip co SO N
“Anh hudng ctia méi truong thuy nhiét toi dédc trung va kha ning hip phu mot s6 chat
mau cta hydrochar ba chung cét tinh ddu s4”, mi sb: CS2024-TN06-17. Chu nhigm dé
tai: PGS.TS. Truong Thi Thao. Co quan chu tri: Trudng Pai hoc Khoa hoc (cé danh
sach kém theo).

Pidu 2. Hoi ddng c6 nhiém vy danh gia toan dién vide thuc hién dé tai so vdi
thuyét minh d@ tai va xép loai dé tai. Hoi dong ty gidi thé sau khi hoan thanh nhiém vu.

Piéu 3. Céc ong (ba) Vién truong Vién KH&CN, Truong céc don vi ¢ lién
quan, PGS.TS. Truong Thi Thao va céc ca nhan c6 tén trong danh sach tai Diéu 1 chiu
trach nhiém thi hanh Quyét dinh nay./. &~

Noi nhiin: KT. HIEU TRUONG
- Nhur Diéu 3(t/h); O-H FU TRUONG
- BGH (b/c); .
-QLVB;

- Luu: VT, Vién KH&CN (6Y.




DAI HOC THAI NGUYEN CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DAI HQC KHOA HQC Djc 1ap — Ty do — Hanh phic

DANH SACH HQI PONG NGHIEM THU
PE TAI KH&CN CAP CO SO, MA SO: CS2024-TN06-05
(Kém theo Quyét dinh s6 4.9 /OD-DHKH, ngay{ F thdng 3 ndm 2025
cua Hiéu truong Truong Dai hoc Khoa hoc)

TT Ho va tén Co quan cong tac Coubihanh
trong HD
~ Truong Pai hoc Khoa hoc - o "
1 | PGS.TS. Nguyén Xuéan Ca _ Chu tich Ho1 dong
DHTN
x S Trudng Pai hoc Khoa hoc - )
2 | TS. Nguyén Thi Hong Hoa UV Thu ky
PHTN
Trung tdm Phat trién Cong
3 | PGS.TS. Vin Hiru Tap nghé méi, Pai hoc Thai UV Phan bién lﬁd\\
A TN
Nguyén ’V{?\\.-":\"*l
Truong Dai hoc Khoa h oc ||
4 | PGS.TS. Bii Minh Quy RIRETLNEE BRORENR | UV Phde blgfp/c v
DHTN =5
22~
Truong Pai hoc Khoa hoc - g
5 | PGS.TS. Vuong Truong Xuin & ” H‘;,N = UV Hbi déng

An dinh Hgi déng gém 05 thanh vién./ /W
Thu ky hanh chinh: ThS. L6 Thi Hué - Chuyén vién Vign Khoa hoc va Cong nghé.



PAI HQC THAI NGUYEN
TRUONG PAI HOC KHOA HQC

BAO CAO TONG KET
PE TAI KHOA HQC VA CONG NGHE CAP CO SO

ANH HUONG CUA MOI TRUONG THUY NHIET TOI PAC TRUNG
VA KHA NANG HAP PHU MOQT SO CHAT MAU CUA HYDROCHAR
BA CHUNG CAT TINH DAU SA

Mai s6: CS2024-TN06-17

Chii nhiém dé tai: PGS.TS. Trwong Thi Thio

Thai Nguyén, 03/2025




PAI HQC THAI NGUYEN
TRUONG PAI HQC KHOA HQC

BAO CAO TONG KET
PE TAI KHOA HQC VA CONG NGHE CAP CO SO

ANH HUONG CUA MOI TRUONG THUY NHIET TOI PAC TRUNG
VA KHA NANG HAP PHU MOT SO CHAT MAU CUA HYDROCHAR
BA CHUNG CAT TINH DAU SA

Mai s6: CS2024-TN06-17

Xéc nhén cua to chire chi tri Chu nhiém de tai

(ky, ho tén, déng ddu) (ky, ho tén)

PGS.TS. Truwong Thi Thao

Thai Nguyén, 2025




DANH SACH THANH VIEN THAM GIA DE TAI VA DON V| PHOI HOP CHINH

Stt Ho va tén Don vi cong tac, linh vuc chuyén mon

- Bon vi: Khoa Hoé hoc, Truong BPH Khoa hoc

1 | PGS.TS. Truong Thi Thao N o P
- Chuyén mon: Hod 1y thuyét va Hoa ly
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DANH MUC HINH

Hinh 1. Phé XRD (a), FTIR (b), duong cong tir tré M(H) (c) va phd EDX (d) cta
BFO, CFO VA CB NCS....ietiiiiiiiieiieeieesteste ettt s 13
Hinh 2. Anh SEM va TEM cua BFO (a), CFO (b) v CB NCS (€ )eveveveeveeeeeeennn. 15
Hinh 3. (a) Duong hip phu va khtr hip phu dang nhiét va (b) sy phan bd kich thude
16 x6p str dung phuong phap BIH ctia CB55 NCS.....o.vveieeeeeeeeeeeeeeeeeeeeeae 16
Hinh 4. An hudng cta pH dung dich t6i kha niang hap phu (a) va pH dung dichhj
SAU NAP PA (D).t 17
Fig. 5. M6 hinh hip phy dang nhiét Langmuir (a) va Freundlich (b) dang tuyén tinh
cua dir lidu thyc nghiém hip phu don ion Pb(II), Co(Il), Cu(Il), Cd(Il) va
Zn(I1) trén bé mit CB NCS (1.0 @/L).....veeeeeeeeeeeeeeeeeeeeeeeeeeee e 20
Fig. 6. Mot s6 mo hinh duong cong dong hoc hip phu cta dir liéu thuc nghiém hip
phu don ion Pb(II), Co(Il), Cu(Il), Cd(II) va Zn(II) trén bé mat CB NCs (1.0
g/L) tail 25°C VA 40°C PH S 21
Fig. 8. M6 hinh hip phy dang nhiét Langmuir (a) va Freundlich (b) dang tuyén tinh
cta dir lidu thuc nghiém hap phu dong thoi cac ion Pb(II), Co(II), Cu(Il),
Cd(IT) va Zn(IT) trén b& miat CB NCS (5.0 €/L).eveeeeeeeeeeeeeeeeeeeeeeeeeeeeene 24
Bang 1. M6t s6 dai lwong hip phu dang nhiét trong truong hop hip phu don ion va hap
phu ddng thoi hén hop 5 ion Pb(II), Co(II), Cu(Il), Cd(II) and Zn(II) bdi CB NCs.
.......................................................................... Error! Bookmark not defined.
Fig. 9. Mot s6 mé hinh duong cong dong hoc hép phu cua dir liéu thyc nghi¢m hép
phu dong thoi cac ion Pb(IT), Co(Il), Cu(Il), Cd(II) va Zn(II) trén bé mat CB
NCs (1,0 g/L hoac 5,0 g/L) tai 25°C pH 5........ Error! Bookmark not defined.
Hinh. 10. Puong cong dong hoc béc hai cta dit liéu thie nghiém hip phu ddng thoi cac
ion Pb(II), Co(II), Cu(Il), Cd(Il) and Zn(II) béi CB NCs 1 g/L tai pH 5, 25°C va
BO%C it Error! Bookmark not defined.
Hinh 11. Kha ning tai st dung vat liéu CB NCs sau hap phu dong thoi cac ion Pb
(), Zn (II), Cd (II), Co (II) and Cu (II)........... Error! Bookmark not defined.
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DANH MUC BANG

Bang 1. Danh muc cac thiét bi st AUNG. .ot 9
Bang 2. Cac diéu kién do do hap thu quang xac dinh ham lugng chi bang phuong
PhAP ICP...ooiiiie e Error! Bookmark not defined.
Bang 3. Mot s6 dai lugng hip phu déng nhiét Freundlich cta qua trinh hap phu cac ion
Pb(II), Co(II), Cu(Il), Cd(IT) and Zn(II) b6i CBNCS .....covvviiviiiiiiiiiiiiinn.n. 25
Bang 4. Pac trung nhi¢t dong hoc va dong hoc hép phu céac ion Pb(Il), Co(Il),
Cu(II), Cd(IT) and Zn(II) trén bé mit CB NCs.......... Error! Bookmark not defined.
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DANH MUC KY HIEU VIET TAT

Stt Ky hi¢u Y nghia
1 MB Methylene blue
2 RhB Rhodamine B
C VbH Carbon v6 dinh hinh
3 LDR Bi chung cat tinh dau sa
LH, SLH, KLH, | Ky hiéu tén mau tng v6i moi trudng thuy nhiét
PLH (Nudc, H,SO4 1 M, KOH 1 M, H3PO4 5 %)
DW Nuéc cat
4 XRD Nhiéu xa tia X
5 FTIR Pho hong ngoai bién d6i Fourier
6 EDS Phé hép thu tan xa nang lugng
7 SEM Kinh hién vi dién tir quét
8 Raman Phuong phép pho tan xa
9 BET Thuyét hap phu BET
10 Tr Nhiét d§ phan Gng
11 tr Thoi gian phan Gng
12 C Nong d6 dung dich
13 R? Hé sd twong quan
14 Q(maxe) Dung luong hip phu (cuc dai/can bang)




PAI HOC THAI NGUYEN
TRUONG PAI HOC KHOA HQC

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung

- Tén dé tai: Anh huéng ciia méi trweong thiy nhiét téi dic trung va kha
niing hip phu mét sé chit mau caa hydrochar ba chung cit tinh diu sa.

- Mi s6: CS2024-TN06-17

- Chu nhiém: PGS.TS. Truong Thi Thao

- T chuc chu tri: Truong Pai hoc Khoa hoc - Pai hoc Thai Nguyén

- Thoi gian thyce hién: 06/2024 - 06/2026
2. Muc tiéu

- Lya chon méi truong thuy nhiét phu hop ché tao hydrochar sa ¢ cac dic
trung phu hop lam chat hip phu (doc 1ap va ddng thoi) nham xir Iy 6 nhiém MB va
RhB trong nudc.

- Nghién curu cac dac trung vat li¢u, danh gia kha nang hép phu don va hon
hop chat mau MB va RhB trong nudc cia vat liéu tong hop duoc, phan tich mbi
quan hé giita cac ddc trung vat lidu voi kha nang hap phu. Panh gia kha ning tai sir
dung vat liéu

- Nghién ctru nhiét dong hoc va co ché qua trinh hdp phu MB, RhB bang
hydrochar ché tao duoc.
3. Tinh mdi, tinh sang tao

Lan dau tién tong hop thanh cong hydrochar tir bd chung cit tinh dau sa bang
phuong phép thuy nhiét trong cdc moi truong khac nhau. Vat li€u thiy nhiét trong
moi truong H;PO, 5 % da tao ra vat li€u cé dac trung mong mudn: vat liéu ¢6 ham
luong carbon cao nhét, kich thudc nho va ddng déu nhit, cdu trac x6p nhit, dién
tich bé mit riéng 16n nhat. Vat liéu c6 kha nang hap phu tét MB va RhB ca & trang
thai don thanh phan hay hon hop hai thanh phén.

Hydrochar dau tién duoc (mg dung lam chat hap phu dong thoi MB va RhB
v6i hi¢u qua cao.

4. Két qua nghién ctru

D¢ tai da dat duoc muc ti€u dé ra.
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- Cac mdi truong khac nhau anh huong dang ké toi dic trung ctia hydrochar ba
sa ché tao duoc. Mbi truong thity nhiét H;PO, 5% tao ra vat liéu phi hop nhét: vat
lidu c6 ham luong carbon cao nhit (77,66 % nguyén tir), kich thude nho va dong

déu, khoang 0,2x0,4 mm, cAu trac xép nhat va bé mat riéng 16n, 28,37 m?/g.

- Panh gia kha nang hap phu don va hdn hop MB, RhB trong nudc & cac diéu
kién khéac nhau: pH, néng do vat liéu, néng do ion, thoi gian, nhiét do. Hi¢u suit
héap phu phu thudc pH dung dich: t6t nhat tai pH 4. Nong do vat liéu cang cao, nong
d6 ban dau ion kim loai cang thap thi hiéu qua hap phu cang ting. Can bang hap
phu dat dugc & khoang 120 phut. Hiéu qua hip phu ting nhe khi nhiét do ting.
Dung luong hap phu t6i da MB va RhB lan luot 1a 97 va 78 mg/g. Kha ning hip
phu hén hop giam nhe. Kha ning hap phu giam khong dang ké sau 6 lan tai sir
dung.

- Hap phu don chat mau tudn theo mé hinh dang nhiét Sips, dong hjc hap phu
don chat mau va hdn hop chit mau déu tuan theo mo hinh dong hoc bac 2. Cac qua
trinh hap phu déu tu phat va toa nhiét.

- Co ché hap phu chu yéu gém twong tic n-m ciia hydrochar voi RhB chi yéu
boi vong thom trong khi gitra MB v&i hydrochar 1a do lién két C=N, C=0 cta MB
v6i hydrochar va lién két hydro.

5. San pham
5.1. Sian pham khoa hoc:

- Xuit ban 01 Bai bao qudc té thuéc danh muyc ISI (Q1): Thi Thu Uyen Le,
Thi Giang Ngo, Ngoc Anh Hoang, Van Hao Nguyen, Van Dang Nguyen, Le
Phuong Hoang, Tien Duc Pham, Thi Thao Truong, 2025, Adsorption
Characteristics of Single and Binary Mixture of Methylen Blue and Rhodamine B
of novel Hydrochar Derived from Lemongrass Essential Oil Distillation Residue,

Journal of Molecular Liquids 425 (2025) 127205,
DOI: https://doi.org/10.1016/j.molliq.2025.127205.

5.2. San pham dao tao:
- Khong.
6. Phwong thirc chuyén giao, dia chi irng dung, tac dong va lgi ich mang lai cia
két qua nghién ciru:

- Kha ning ap dung: Vat liéu hydrochar bi sa bién tinh HsPO, co tiém ning ung
dung trong linh vuc xr Iy moi truong.
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- Phuong thirc chuyén giao két qua nghién ctru: cung cip tai liéu tham khao cho
co quan quan ly chu tri khoa hoc (Truong Pai hoc Khoa hoc).
Ngay 22 thang 03 nam 2025

Chii nhiém dé tai

PGS.TS. Truwong Thi Thao
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INFORMATION ON RESEARCH RESULTS

1. Genaral information

- Project title: Influence of hydrothermal environment to characteristics and
adsorption capacity some dyes of hydrochar derived from lemongrass essential oil

distillation residue.
- Code Number: CS2024-TN06-17
- Coordinator: Assoc.Prof. Dr. Truong Thi Thao

- Implementing institution: Thai Nguyen University of Science, Thai Nguyen

University
- Duration: from 06/2024 to 03/2025
2. Objectives

- Choosing a suitable hydrothermal environment to produce lemongrass
hydrochar with suitable characteristics as an adsorbent (independently and

simultaneously) to treat MB and RhB pollution in water.

- Study characterization of prepared lemongrass hydrochar, evaluate the single
andmizzed adsorption ability for MB and RhB of obtained hydrochar, analyze the
relation between the characterization and adsorption ability. Evaluate the reuse of

prepared material.

- Kinetic, thermodynamic study and mechanism of MB and RhB adsorption

process by prepared lemongrass hydrochar.
3. Creativeness and innovativeness

For the first time, hydrochar was successfully synthesized from the
distillation residue of lemongrass essential oil (LDR) by hydrothermal method in
different environments. Hydrothermal materials in 5% H;PO, environment have
created materials with desirable characteristics: the highest carbon content, smallest

and most uniform size, most porous structure, and largest specific surface area.

The first hydrochar was applied as a simultaneous adsorbent for MB and RhB
with high efficiency.

4. Research results
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The project has achieved its set goals:

- Hydrothermal environment had important influence on the properties of
hydrochar prepared from LDR. The PLH sample (synthesized in 5 % H;PO,
solution) consists of relatively small and most uniform particles, about 0,2x0,4 mm

in size, with the most porous structure and largest specific surface area, 28,37 m*/g

- The optimal adsorption was at pH 4, 120 to 180 min, adsorbent dose
increased and initial concentration of MB and RhB decreased. The maximum
sorption capacity for MB and RhB were about 97 and 78 mg/g, respectively,
insignificantly reduced in mixed adsorption at different mole ratios. The sorption
capacity after regeneration increased slightly in individual adsorption and decreased

slightly in mixed adsorption after six cycles

- The single adsorption followed the Sips isotherm model, the surface of PLH
is heterogeneous. Both single adsorption and mixed adsorption were well fitted with

the pseudo-second-order kinetic model, spontaneous, and endothermic.

- The dominant adsorption mechanism included m-m interactions from
aromatic ring between RhB and PLH, while for MB were -7 interactions from
C=N and C=C in MB to PLH, and the hydrogen bonding between the nitrogen in
MB and the O—H group in.

5. Products
3.1. Scientific products:
- Publieshed 01 ISI (Q1) research article.

Thi Thu Uyen Le, Thi Giang Ngo, Ngoc Anh Hoang, Van Hao Nguyen, Van Dang
Nguyen, Le Phuong Hoang, Tien Duc Pham, Thi Thao Truong, 2025, Adsorption
Characteristics of Single and Binary Mixture of Methylene Blue and Rhodamine B
on novel Hydrochar Derived from Lemongrass Essential Oil Distillation Residue,
Journal of Molecular Liquids 425 (2025) 127205,
DOI: https://doi.org/10.1016/j.molliq.2025.127205.

5.2. Training products:
- None.

6. Transfer alternatives, application institutions, impacts and benefits of

research results:

- Applicability: H;PO4 modified lemongrass hydrochar has application potential in

the field of environmental pollution treatment.
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- Method of transferring research results: providing reference socuments to the

scientific management agency (TNUS -Thai Nguyen University of Sciency).
March, 10", 2025

Coordinator

Assoc. Prof. Truong Thi Thao
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MO PAU
1. LY DO CHON PE TAI

O nhiém moi truong ludn 14 van dé nong toan cau hién nay. O nhiém moi
truong nudce, 6 nhiém moi truong khi, 6 nhiém moi truong dat déu dang gay nhiéu
hau qua nghiém trong té1 sttc khde con ngudi va moi truong sinh thai noi chung.
Trong d6, nghiém trong nhat 1a 6 nhiém méi truong nude, do nude ¢6 mat khip noi
trén bé mat trai dat va su xam nhdp tir nude vao khi quyén hay dat déu dién ra hang
ngay hang gio. Xir 1y 6 nhiém moi trudng 1a mot cong viée duge quan tdm hang dau
hién nay.

Nganh may mic, gidy da 1a mot nganh san xuit v6i quy mo lién tuc gia ting
trén toan cau, do d6 lugng chat mau ma nganh cong nghiép nay thai ra méi truong
cling ting khong ngimg. Cac chit mau khong chi anh huong vé& mit thAim my véi
ngudn nudc ma con gdy anh huong t6i sy quang hop, sy hd hip cia dong thuc vat
dudi nuée, kha nang hip thu anh sang va ning luong cliia nude va sinh vat dudi
nuéc noi chung. Cac chat mau nay déu kha bén trong moi trudng, c6 thé xam nhap
vao co thé sinh vat, tham gia vao chudi thure an, nguy co gay ra nhiéu loai bénh tat,
ké ca ung thu. Do d6, xtr Iy 6 nhiém chat mau 13 rat can thiét [1].

Viéc xir Iy 6 nhiém cac chat hitu co néi chung va chat mau néi riéng di va
dang dugc nghién ctru, 4p dung nhiéu phuong phap khac nhau. Trong d6, hip phu 1a
mot phuong phap kha don gian ma hiéu qua, thu hit sy quan tim cta nhiéu nha
khoa hoc. Mot trong sb cac chat hap phu duoc quan tim nhat hién nay 13 than sinh
hoc. Pay 1a loai than duogc ché tao tir cac ngudn sinh khéi khac nhau, thuong 1a phu
pham néng nghiép, chan nudi, va ca cong nghiép. Vira tan dung ngudn nguyén liéu
san c6, ré tién, vira han ché viéc xir Iy ching theo phuwong phap truyén théng nhu
d6t bo gay ra 6 nhiém mai truong.

Nhiéu than hoat tinh c6 ngudn gbc sinh khdi da duoc nghién ctru hap phu cac
chat mau, khang sinh [2,3]. Nhiét phan 1a phuwong phép truyén thong va duoc
nghién ctru rong rai, con thily nhiét 1a Phuong phap than hoa mdi phét trién gan
day, c6 nhiéu loi thé nhung chwa dugc nghién ciru rong rai. Sa la mot ngudn nguyén
liéu ré tién, san c6, ham lugng xenllulose cao. Tinh dau sa 1a mot san phém duoc ua
chudng va tng dung trong nhiéu my pham, dugc pham va mot sb linh vuc khéc trén
toan thé giéi, nhu ciu tinh diu sa 16n nén ba sau chung cét tinh dau cua sa ciing rat
16n, lai qua qué trinh chung cat di 1am cAu trac sa bi phan hay mot phan, rat thuan
lgi cho qué trinh ché tao than hoat tinh. Tuy nhién, viéc ché tao than hoat tinh tir bd
chung cét tinh dau sa (ca pyrochar va hydrochar) & trong nudc va trén thé giGi con
vb cung it nghién ctru dugce cong bd. Trong nghién ciru ndy, ching t6i hudng téi
nghién ctru ché tao than sinh hoc theo phuong phéap thily nhiét trong cac mdi truong
khac nhau, nham giam nhiét do thuy nhiét va thoi gian ché tao mau, nang cao chat
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luong than sinh hoc sa tng dung hap phu doc lap va dong thoi MB va RhB trong
nudc. Vi vay, trén co sé trang thiét bi sin c6 va tan dung tdi da nguén luc tai chd,
dap tng nhu cau khoa hoc va thuc té san xut, ching t61 lya chon dé xuét thyc hién
“Anh hwéng ciia méi trwong thity nhiét téi dic trung va khd ning hép phu mot
sé chét mau ciia hydrochar ba chung cit tinh dau sa”.

2. MUC TIEU NGHIEN CUU

- Ché tao thanh cong vt liéu hydrochar tir bi sa trong cac diéu kién thay
nhiét khac nhau.

- Nghién ciru cac dic trung vat liéu, danh gia kha nang hip phu don va hdn
hop chat mau MB va RhB trong nudc cia vat lidu tong hop duogc, phan tich mbi
quan hé giita cac ddc trung vat lidu voi kha nang hap phu. Panh gia kha ning tai sir
dung vat li¢u

- Nghién ctru nhiét dong hoc va co ché qua trinh hdp phu MB, RhB bang
hydrochar ché tao dugc.

3. POI TUQONG VA PHAM VI NGHIEN CUU

3.1. Péi twong nghién ctru
- Vat liéu hydrochar tir ba chung cit tinh dau sa.
- Ché4t mau MB va RhB

- Céc diéu kién anh hudng téi kha nang hip phu doc lap va dong thoi MB va
RhB cua hydrochar.

3.2. Pham vi nghién ctru

- Piéu kién méi trudng phan (mg thity nhiét ba chung cit tinh dau sa.

- Céc dac trung vat liu.

- Kha ning hip phu doc 1ap va dong thoi MB va RhB cua hydrochar.

- Nghién ctru quy mo phong thi nghiém tai Phong Thi nghiém Khoa Hoéa hoc
— Truong Pai hoc Khoa hoc, PH Thai Nguyén.
4. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU
4.1. Cach tiép can

- Tong quan tai liéu cac nghién ctru di cong bd trong va ngoai nude, dic biét
cap nhat cac nam gén day. Xac dinh diéu kién trang thiét bi hién c6 va kha nang dau
tu m&i hay lién két hop tac. Tir d6 xdy dung phwong an thuc nghiém phu hop véi
diéu kién thuc nghiém.

- Tién hanh thyc nghiém theo ké hoach, van dung cac phuong phap phan tich
hién dai va cac két qua da cong bd dé phan tich, danh gia két qua thuc nghiém thu dugc
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- Cac két qua nghién ctru dugc danh gia cong khai bang cac cong bd trén cac
tap chi chuyén nganh uy tin.

4.2. Phuwong phap nghién ctru

- Tim kiém, thu thap tai liéu tham khao tir cac tap chi chuyén nganh & trong
nudce va qudc té qua cac ngudn nhu thu vién, mang internet.

- Pé tai dugc thuc hién cha yéu bang phwong phap thuc nghiém: mau nghién
ctru duge ché tao bang phuong phap thuy nhiét; thir ntghiém kha niang hip phu doc
1ap va hap phu dong thoi 2 chat mau MB va RhB.

- Cac dac trung cua vat li¢u duoc phan tich béng mot sb k¥ thuat hién dai
nhu: phd nhiéu xa tia X (XRD), pho tan sic niang luong (EDS), anh hién vi dién tu
quét (SEM, FE-SEM), anh hién vi dién tu truyén qua (TEM), phé tan xa Raman,
cdu triic xOp va bé mit riéng BET.

- Nong do chat mau MB va RhB trong dung dich dugc xac dinh bing
phuong phap phd hip thu UV — Vis.

- Str dung mot s6 phan mém chuyén dung (Origin, UniCell, Celref, Imagel,
KGraph35) dé tinh toan va danh gia cac thong s6 cua vat liéu va hép phu tu dit liéu
cua cac phép do thuc nghiém.
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CHUONG 1. TONG QUAN

1.1. Téng quan tinh hinh nghién ctu vt liéu hydrochar ba sa va phwong phap
hap phu loai b6 MB, RhB trong nuéc

Trong nhiéu nam qua, viéc xir Iy 6 nhiém chat mau trong méi truong nude da
dugc nhiéu nha khoa hoc trong nuéc quan tdm nghién ctru theo nhiéu phuong phap
khac nhau, trong d6 ndi bat 1a sd lugng nghién ctru theo phuong phap hap phu [4-
18]. Cac vat liéu hép phu dugc nghién ctru rat da dang: vat li¢u ty nhién qua xu ly
hoa hoc nhu: bot vo trai bién tinh bang EDTA [4], diatomit phu Yén [5]; vat liéu
composite  chitosan-manhetit  [6],  MnFe,O./Bentonite  [7],  hydrogel
glucomannan/graphene oxide [8], vat liéu mao quan trung binh sét (III) carboxylate
MIL-100(Fe) [9,10]; than sinh hoc nhiét phan va composite cua than sinh hoc nhiét
phan ché tao tir vo ngd va 15i ngd [11], hat macca [12], cay mai dwong [13], rom ra
[14], canh thanh long [15], ba mia [16], composite cua than hoat tinh (tr vo dua)
[17,18], ... Co thé noi, nhiéu loai than sinh hoc ché tao tur cac sinh khdi khéc nhau,
trong dai nong do khic nhau, tir vai mg/L dén vai trim mg/L, trong méi truong
acid, trung tinh dén base va hiéu qua déu kha tét, hiéu suit hép phu trén 90%, dung
luong hap phu tir 13,7 mg/g — 198,69 mg/g. Tuy nhién, nghién ctru ding ba sa ché
tao than sinh hoc va hép phu thuéc nhudm con rat it 6i. Ba chung cat tinh dau sa 1a
ludn c6 mot lwong phé thai kha 16n do nhu cau tinh dau sa cao trong nhiéu linh vuc
tmg dung khong chi & Viét Nam ma trén toan thé gigi. Nhom ching t6i di c6 01
cong bd dau tién vé ché tao hydrochar ba sa va hap phu khang sinh ammocixiline
[19].

1.2. Tong quan tinh hinh nghién ctru vat li¢u hydrochar bi sa va phuong phap
hip phu loai bé MB, RhB trén thé gi6i

MB va RhB 1a nhiing thudc nhudom duge sir dung phé bién, cling vi vdy ma
viéc nghién ctru xtr Iy 6 nhiém chit mau trong nude trén thé giéi cling nghién ciru
nhiéu nhat vé hai chét nay, dic biét 1a phuong phap hap phu. Rat nhiéu loai chat hap
phu da dugc nghién ctu, tr cac vat liéu san co trong ty nhién nhu cac loai dat sét,
da, cac thanh ph?m cua cay tréng (than, l1a 1é, qua, hat, vé qua, ... dugc so ché - xtr
Iy vat 1y hay qua xir Iy héa hoc) hay dong vat (xuwong, mai cua, vo so, ...) dén cac
vat lidu tong hop nhu cac oxide, hdn hop oxide, polymer, cac vat liéu bién tinh tir
chung [20]. Hién nay cac chat hip phu c¢6 ngudn gdc ty nhién rat dugc quan tam.

Kusuma ef al. [21] d4 théng ké cac nghién ctru dung 14 cay ché tao vat liéu
hap phu riéng MB cho thay, tir khi cong bd dau tién nam 1971 toi nay (3/2025) da
c¢6 hon 120 nghién ctru. Trong thong ké niy, Kussuma da phén tich, so sanh va chi
1d vu diém cua cac két qua nghién ciru xir Iy MB bang phwong phap hap phu so véi
quang xuc tac — mot phuong phap ciing duoc nghién ctru rat nhiéu — cho thay:
phuong phap quang xuc tac mic du hiéu qua tai sir dung rit cao nhung thudng can
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thoi gian tuong tac dai hon, doi hoi loai anh sang dac thu (vi du déen UV) va hi¢u
suit thip hon phuong phap hap phu. E. Santoso [22] dé théng ké chi trong vong tir
nam 2008 t&i 2019, sé cong bd vé nghién ciru hdp phu MB bang cac chat hip phu
trén co s& carbon tir khoang 600 cong bd/ nim ting téi hon 3000 cong bd/nam,
trong d6 nhiéu nhét 1 biochar, carbon hoat tinh c6 ngudn gdc sinh khdi va biochar
bién tinh, composite ctia biochar.

Mot thé)ng ké tuwong tu da dugc P.O. Oladoye thuc hién voi cac nghién clru
vé Rhodamine B [23]. P.O. Oladoye di thdng ké dugc khoang 170 nghién ctru xtr Iy
6 nhiém RhB trong méi trudng nudc, trong do, cac phuong phap phan huy quang -
hoa, phan huy dién — hoa, phan huy hoa hoc khoang 55 nghién clru, phuong phap
hap phu c6 khoang 75 nghién ctru va khoang 15 nghién ciru vé hap phu dong thoi
RhB v6i chat mau khac. Trong d6, cac nghién ctru st dung céc loai vat liéu hip phu
da dang nhu: khoang sét, bentonite, zeolite, montmorillonite, cac vat li¢u mdi nhu
raphene oxide, molybdenum disulfide, metal-organic frameworks (MOFs), covalent
organic frameworks (COFs), va MXenes hay than hoat tinh va than sinh hoc. Than
hoat tinh 1a mot vat li€u hiéu qua nhung dat do, cac nghién ciu gﬁn day da tap trung
vao nghién ctru than sinh hoc thay thé than hoat tinh voi chi phi thap hon nhiéu,
than thién moi truong lai rat hiéu qua. F. Amalina [24] cling d3 thong ké cac phu
pham sinh khéi dung ché tao than hoat tinh va biochar hip phu RhB, dung lugng
héap phu cuc dai dat t6i 368 mg/g.

Céc thong ké trén cho thdy, hip phu 13 mot phuong phap phu hop, ¢ nhiéu
vu diém. Va viéc sy dung cac ngudn sinh khéi — phu pham cila cong nghiép va cong
nghiép dang 1a mot xu hudng rat duoc quan tam. Cac sinh khdi nay c6 thé xtr Iy so
bd va su dung truc tiép, tuy nhién do bén cua vat lidu rat khong cao. Do do, cac
ngudn sinh khéi can duoc xir 1y nhiét va cac xir Iy hoa hoc, vira ting do bén vat liéu,
vira diéu chinh duogc dic trung vat liéu theo mong mudn sir dung va ting dang ké
hoat tinh cta vat liéu. Ban dau, cac sinh khéi thuong duoc xtr 1y nhiét theo phuong
phap truyén théng 13 nhiét phan (300-700°C) nhdm than hoa sinh khdi, san pham
thu duoc goi 1a biochar — than sinh hoc, sau d6 1a két hop xu Iy hoa hoc (hoat hoa)
vao trudc, trong hoac sau xu ly nhiét dé bién tinh than sinh hoc thu dugce. Cac
phuong phap nay di tao ra hang loat loai than sinh hoc rat hiéu qua, véi khoang
14000 bao cao dd dugc cong b tir nhitng nim 1980 téi nay [25]. Tuy nhién gan day
dang phat trién mot phuong phap xur Iy nhiét hién dai hon, d6 1a qua trinh than hoa
thuy nhiét, san phém cling la than sinh hoc nhung dugc goi 1a hydrochar, phan biét
vé phuong phap ché tao so vdi biochar (chinh xac hon 1a pyrochar). Hydrochar cé
vu diém 13 qua tinh tién hanh & nhiét do thip hon dang ké so véi biochar, chi 180-
260°C, sinh khdi khong can 1am kho, khong phat thai CO, ma lai giit dugc trong ciu
trac nhiéu dic trung hiru co cua sinh khéi nhu cac loai nhém chiee, giup diéu chinh
dién tich vat liéu kha thudn lgi. Vat liéu hydrochar cling co6 thé hoat hoa nguyén li¢u
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trude khi thity nhiét, két hop trong qua trinh thay nhiét hodc sau khi thily nhiét. Tuy
nhién thuy nhiét co6 mdt s6 han ché nhu yéu cAu cao hon vé thiét bi, nhat la thoi gian
ché tao dai hon nhiét phan, nén xu hudng 14 két hop hoat hoa trong cliing qua trinh
thuy nhiét dé rut ngfm thoi gian ché tao vat liéu. Vi vay, viéc lya chon méi trudong
thity nhiét pht hop (chat hoat hoa) tré thanh mot hudng nghién ciru vu tién, nhung
lai chua c6 nhiéu nghién ctru. Hon nita, viéc 4p dung phwong phap thily nhiét dén
nay con chua pho bién, sé luong nghién ciru duoc cong bd chua nhidu [24], mic du
cac két qua nghién ciru hién c6 cho thiy, hydrochar c6 hiéu qua tét trong xir I cac
chat 6 nhiém ca vo co va hiru co bang phuong phap hap phu [4, 26, 27].

Hap phu MB di duoc nghién ctru rong rai trén toan cau bang cach sir dung
nhiéu loai chat hép phu khac nhau, dac biét 1a vat liéu géc carbon [21, 28, 29].
Hydrochar c6 ngudn gdc tir cac ngudn sinh khdi khac nhau, bao gdm hydrochar gb
thong Mason, go tuyét tung, tre, vo dura, vo hd dao, rom laa mi, rom ngod, rom ra
[30], v6 ca phé [31], shorrea spp. [32], vé qud hach [33], qud lyu [34], than
hydrochar tir bun thai [35], than hydrochar bién tinh [36], hodc hdn hop than
hydrochar tir qua 6¢ cho va silicat [37]. Tat ca déu thé hién kha niang hap phu dbi
véi MB dao dong tir 64,43 dén 657,76 mg/g, ching to tiém ning cua chung 1a ¢o
hiéu qua vé mit chi phi trong xtr Iy nudc thai. Tuy nhién, chi c6 mot s6 lugng han
ché hydrochar c6 ngudn gbe tir du luong nong nghiép da duoc nghién ctru dé hap
thu RhB [38-40]. Vi du, Kohzadi va cong su. di sir dung rom lta mi dé san xuét
hydrochar va pyrochar, nhan thay rang hydrochar hip thu RhB nhiéu hon khoang
1,7 14n so v&i pyrochar va hiéu qua gap doi so véi rom lta mi chwa duoc xtr Iy. Khi
dugc bién tinh bang Fe, kha niang hap phu RhB ctia hydrochar rom lda mi ting lén
dang ké, 1én 80 mg/g trong khi pyrochar rom lta mi bién tinh Fe cho thay it cai
thién [41]. Axit citric d4 bién tinh hydrochar tir du lwong furfural hp phu RhB t6i
da theo 1y thuyét 13 39,46 mg.g™' & pH 3, véi ty 18 92,74% sau nam chu ky tai sinh
[42]. Mot s& chét hap phu tir du luong néng nghiép da duoc danh gia vé kha ning
hép phu riéng 1¢ ca MB va RhB. Cac vi du bao gé)m 14 bo hat m¢ [43], than sinh hoc
hoat hoa so1 cellulose [44], vé nhan hoat tinh HNO; [45], than sinh hoc vo hat
Pongamia glabra, [46], than sinh hoc va than sinh hoc bién tinh béng EDTA cua vé
hat co [47], hat Aleurites Moluccana [48], vi nhua trudc va sau khi chiéu xa tia cuc
tim [49]. Hon hop MB va RhB duoc hip phu badi mot sé chat hip phu c6 ngudn goc
tir thién nhién nhu: diatomite Viét Nam bién tinh kiém [50]; zeolite tu nhién thuong
mai tir cdc moé & Semnan, Iran [51]; chat thai nong nghiép nhu bd xo Onecarpus
bacaba Mart (dugc thu gom tai Itacoatiara, bang Amazonas, Brazil), & dang tu nhién
(OBMi) va bién tinh bang NaOH (OBMm), trong 6 OBMm hiéu qua hon [52];
pyrochar ctiia v6 sin (thu duoc tir mot trang trai & Djakotomey, Benin) da duoc
nghién ctru vé kha ning hip phu don 1¢ va dong thoi MB, malachite green (MG) va
RhB cho thay, kha ning hdp phu MB nam trong khoang tir 20,48 mg/g dén 407,98
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mg/g, RhB 1a 5,51 mg/g dén 143,70 mg/g, va trong hap phu hdn hgp MB va RhB
dat 10,00 mg/g dén 145,60 mg/g d6i voi MB va 4,82 mg/g dén 67,06 mg/g dbi véi
RhB [53]. Mic du ¢ nhing loi ich vé méi trudng va ning luong cua qua trinh thay
nhiét so voi qué trinh nhiét phan, chua c6 nghién ctru ndo vé hydrochar dé hap phu
ddng thoi MB va RhB dugc cong bd. Hon nita, c6 rat it nghién ciru vé san xuét than
sinh hoc tir cin chung cat tinh dau sa (LDR).

Sa (Cymbopogon spec.) 1a mot loai cAy nhiét déi va cin nhiét déi phd bién,
mot luong nho duoc sir dung truc tiép trong thyc phadm va y hoc, con lai cha yéu
duoc st dung dé san xuét tinh dau sa, mot tinh dau phé bién rong rai trén toan thé
gidi, do mui huong va nhiéu loi ich cho sirc khoe. Thi truong tinh dau sa toan cau
du kién s& ting tir 41,98 triéu USD lén 81,43 triéu USD trong khoang thoi gian tir
nam 2021 dén nam 2028, véi ty 18 ting truong gdp hang nam 13 9,3% [54]. Vi vay,
LDR, phé pham tir qua trinh san xuat tinh dau sa, c6 san lugng hang nim rat 16n.
Qua trinh chung cit dong vai tro 13 giai doan tién xtr 1y, giup don gian hoa qua trinh
cacbon hdéa LDR, rut ngén thot gian va tiét kiém nang lugng. Hién nay, chi c6 mdt
sO nghién ctru béo cdo viéc san xuét pyrochar tir bi sa dé tmg dung vao cai tao dat
néng nghiép [55-58]. Chua c6 céng bd nao vé hydrochar dung dé xtr 1y chit giy 6
nhiém nuée.
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CHUONG 2. THUC NGHIEM
2.1. Héa chét thiét bi
2.1.1. Hoa chat

Rhodamine B (CysH;CIN,Os, Sigma-Aldrich, >95% (HPLC)), Methylene
Blue (Ci¢HsCIN3S.3H,O, Sigma-Aldrich, >98.5%), distilled water (DW),
hydrochlohydric acid (HCI, Isochem, 36-37%), sodium hydroxide (NaOH, Isochem,
98.5%), phosphoric acid (H;PO., Sigma-Aldrich, >99%), potassium hydroxide
(KOH, Sigma-Aldrich, ACS reagent, >85%, pellets), and ethanol (C,HsO, Sigma-
Aldrich, 96% (v/v)). Cay sa duoc trong tai Thai Nguyén, ba chung cat tinh dau sa

thu hoi tai Vién Khoa hoc Su soogns, Pai hoc Thai Nguyén.
2.1.2. Dung cu
Céc dung su st dung trong qua trinh thyc hién nghién ctru duoc liét ké ¢ bang 1.

Bang 1. Danh muc céc thiét bi sir dung

TT Dung cu - Thiét bi TT Dung cu - Thiét bi
1 |Cdc thuy tinh céc loai 10 |Binh cau
2 |[Cuvet thach anh 11 |Giay loc
3 |Nhiét ké 12 |Pipet cac loai
4 |Ong dong 13 |Binh tam gidc
5 |Ong nho giot 14 |May khuay tir
6 |Ongly tam 15 |Céan phan tich
7  |Binh tam gidc 16 |Tua say
8  |Buret+ gia sit 17 |[May ly tim
9 |Phéu 18 |Tu hat chan khong

2.2. Cac noi dung thuc nghiém
2.2.1 Ché tao vat li¢u

LDR dugc say kho dén khdi lugng khong d6i & 105°C, nghién min va bao quan
trong binh hut 4am. 8 g LDR dugc phéan tan hoan toan trong 50 mL dung méi (DW,
KOH 1 M, H,SO4 1 M, H;PO, 5 %) trong binh Teflon 100 mL. Sau do, binh Teflon
dugc dit trong ndi hip bang thép khong gi, dugce 1am néng dén 220°C trong 6 gioy
(téc @6 gia nhiét 200°C/h) va dé ngudi ty nhién. Vat liéu thu dugc duoc rira bang
DW cho dén khi nuéc rua khong mau va trung tinh. Sau do6, vat liéu thu dugc duogc
sdy kho trong 10 dén khdi luong khéng doi ¢ 105°C, dé ngudi tu nhién, bao quan
trong tai nhya cé khoa kéo trong binh hut am va dugc ky hi¢u lan luot 1a LH, KLH,
SLH va PLH.


https://www.sigmaaldrich.com/VN/en/product/sigald/221473
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i
220°C, 6 h

Mai truwong:
H,0/
1M KOH/
£ 1M H,SO,/
B5t LDR 5% H;PO,

Hydrochars:
LH/KLH/SLH/PLH

Hinh 1. So d6 téng hop hydrochar tir LDR
2.2.2. Cac Phuong phéap nghién ctru vat liéu

- Céu trac tinh thé va thanh phan pha cia mau dugc nghién ciru bang phép
do phd nhiéu xa tia X (XRD) bang thiét bi Z Brucker D2 PHASER véi btic xa Cu-
Ka tai budc song 2=0,15406 nm tai phong thi nghiém Khoa Hoéa truong Dai hoc
Khoa hoc, PH Thai Nguyén.

- Phuong phéap pho hong ngoai FTIR thuc hién trén thiét bi may do hong
ngoai FTIR, hing: JAS.CO bang k¥ thuét vién nén KBr trong dai sé song 4000 —
400 cm™ tai Khoa Hoa, Truong Dai hoc Khoa Hoc- Dai hoc Thai Nguyén.

- Hinh anh SEM thu dugc tir kinh hién vi dién tr quét trén thiét bi Hitachi
S-4800 (Nhat Ban) tai Vién Khoa hoc vat licu— Vién han 1am Khoa hoc va Cong
nghé Viét Nam & dién ap tang téc 200 kV. Thanh phan nguyén tb trong mau xéac
dinh theo phwong phap tan xa ning luong EDX bing thiét bi két néi SEM-EDS
(Hitachi S-4800).

- Phuong phap phé tan xa Raman dugc thuc hién trén thiét bi LabRAM HR
Evolution, Horiba (Tai trudng Pai hjc Khoa hoc, PHTN) véi ngudn kich thich 1a
anh sang budc song 532 nm (argon laser).

- Dién tich bé mit va ciu tric xdp dugc nghién ciru theo phuong phap
Brunauer-Emmett-Teller (BET) trén thiét bi TriStar 3000 V6.07 tai Khoa Héa hoc,
truong PH Su pham Ha Noi.

- Piém dang dién bé mit vat liéu dugc xac dinh bang phuong phap pH-drift:
chuan bi 9 dung dich KC10,1 M c6pH 2, 3,4,5,6,7,8,9 va10. Thém 25 mg PLH
vao mdi 25 ml dung dich dé, lic déu trong 24 gid rdi do lai pH cudi ciing ctia dung
dich dé xac dinh ApH (ApH= pHina — pHinisa), thi nghiém duoc lip lai 3 1an dé iy
gia tri trung binh. Xay dung d6 thi biéu dién ApH thong qua do pH ban dau, do pH
tai d6 ApH = 0 1a diém tich dién bang 0 (pHpzc).

2.2.3. Phuong phap dinh lugng MB va RhB trong dung dich

Nong do MB va RhB trong dung dich dugc xac dinh bang phuong phap pho
hap thu phan tir UV-Vis theo phuwong phap dudng chuin, xay dung trong ving nong
do tir 0,1 t61 20 ppm tai cac budc soéng tuong tng 663 nm va 553,5 nm.

2.2.4. Thuc nghiém qua trinh hip phu MB va RhB trong dung dich
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Thyc nghiém hép phu duoc thuc hién trong cac 6ng Falcon 15 mL trén may
lic. Quy trinh hdp phu nhu sau: chudn bi 10 ml dung dich nghién ctru chira MB
hoac RhB ¢ néng do, pH xéac dinh cho vao 6ng falcon 15 mL, thém vao d6 mdt
lwong chinh xac vat liéu (m g) roi dat trén may lic téc do 150 vong/phiit trong
nhiing khoang thoi gian xac dinh. Sau khi lic, dung dich duoc ly tam, loc hut lay
phﬁn dich trong do xac dinh lai n@)ng do MB hoac/va RhB con lai sau hép phu. Phan
b vat liéu duge thu hdi cho tai st dung va nghién ctru cac dic trung vat li€u sau
hép phu.

Céc yéu t6 qué trinh hap phu don chit mau dugc nghién ctru theo thir ty gdm
pH dung dich (2-10), ndng d6 vat lidu (0,5 — 5 g/L), nong do dau chit mau (10 —
300 mg/L), nhiét 4 (nhiét do phong va 40°C) va thoi gian (5 — 240 phat). Véi hap
phu hén hop dugc tién hanh ¢ diéu kién pH tdi wu tai mot néng do vat liéu voi néng
dd MB va RhB theo ty 1¢ khac nhau, nghién ctru theo thoi gian va nhiét do.

Céc thi nghiém hép phu duogc thyuc hién ba lan dé tinh két qua trung binh.
2.2.5. X1r 1y 0 liéu thyc nghiém

Dung luong hép phu (g., mg/g) va hiéu suat hip phu (AE, %) duoc xac dinh
theo cac cong thirc sau:

Ci—Ce V

Qez m (1)

ﬂIUO

AE = G )

Véi C;, C, va Ce 1a ndng d6 dau, ndong do tai thoi diém t va nong do tai thoi
diém can bang hap phu cta ion chat bi hap phu trong dung dich nghién ciru (mg/L);
V 1a thé tich dung dich nghién ctru (L) va m 1a khdi lugng vat liéu hip phu (g).

Nghién citu Iy thuyét qud trinh hdp phu

bong hoc hép phu cuia céc chat mau trén vat liéu hydrochar da dugc khao sat
theo cac mo hinh dong hoc bac 1(PFO), dong hoc bac 2 (PSO) va dong hoc Elovich
theo cac phuong trinh (3), (4) and (5):

q: = qQ(l - e_klt) (3)
_ kzqgf
9t = Ttk,q. (4)

1

q = *eln(a.k. + t) (5)
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Véi k; (min™), k; (g.mg".min") va k. (g.mg") 14 cac hing s6 toc d6 phan g
cua dong hoc bac 1, dong hoc bac 2 va dong hoc Elovich; Sd hang 1/ke biéu thi sd
luong vi tri ¢6 san dé hap phu va a 13 tc d6 hdp phu ban dau (mg. g”'.min") trong
md hinh dong hoc Elovich.

Hing sb can bang K¢ (Hé s6 phan bd) ¢ cac nhiét 46 khac nhau, enthalpy
(AH), nang luong tu do Gibbs (AG) va entropy (AS) ctia qua trinh hdp phu duoc xéac
dinh theo cac phuong trinh (6), (7), (8) sau: [72]:

K.=CJ/C. (6)
Ko, _AH(1_1)

LHKC'Tl R Tl TZ (7

AG = -RTInK¢ = AH-TAS (8)

Vé6i R (8.314 J/mol K) 1a hang sé khi, T (Kelvin) 1a nhiét d6 tuyét dbi, C,
(mg/L) 14 ndng d6 chét bi hip phu trén bé mit chat hap phu tai thoi diém can bang,
C. (mg/L) 1 nong d¢ chat bi hap phu trong dung dich tai thoi diém can bang. Cac
dir liéu thuc nghiém hip phu da dugc tmg dung theo mé hinh hip phu ding nhiét
Langmuir, Freundlich va Sips tai 25°C, pH 5, theo cac phwong trinh tuyén tinh (9),
(10), (11) sau:

_ qm.KL.Ce
e 1+K.Co 9)
— K Cl/’?lp
Qe F-lg (10)
KC)'S
qe =056 (1)

Vé6i qe va qn 12 dung luong hip phu tai thoi diém can bang va tai cuc dai
(mg/g); Ki (L/g), K¢ (mgl_nF'LnF.g'l) and Ks (mgl_ns'Lns.g'l) K. 13 hang s Langmuir
lién quan toi &i luc cta cac vi tri lién két va niang lugng hip phu (L.mg™), hing sb
Freundlich va Sips, nr 1a hé s6 hap phu Freundlich, néu n = 1+10, sy hip phu d6 1a
thuan 1oi, n, 1a hé s6 Sips exponent lién quan dén tinh khong dong nhat tinh cua hé
thong hap phy-hap phu, b, 12 thong s khong thir nguyén dic trung vé mit chét
luong tinh khong dong nhat ctia hé théng chat hap phu-chat hap phu.

2.2.6. Tai sinh va tai sir dung vat liéu

Sau khi hip phu MB, PLH dwoc thu lai, ngim trong HCI 0,1 M 4-5 gio va
rita nhiéu lin bang HCI 0,1 M cho dén khi dung dich HCI khéng doi mau. Sau
dé, vt liéu dwoc riva dén trung tinh, sy khé va dwoc siv dung dé dinh gid kha
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nang tai sw dung [59].

Sau khi hiap phu RhB, PLH dwoc riva so bé bing nwéc cit, tiép theo ngim
trong NaOH 1 M 4-5 gio va riva nhiéu lin bang NaOH 1 M cho dén khi dung
dich NaOH khong doi mau, sau dé sy khé, dem nung & 400°C trong 1 gio trong
maoi trwong nito, dé ngudi tw nhién va dwoc siv dung dé danh gid kha nang tdi sir
dung [60].

Sau khi hiap phu hén hop MB va RhB, PLH dwoc thu lai, ngam va riva
nhiéu lin bang etanol 99% cho dén khi etanol khéng con déi mau. Sau dé né
dwoc sdy kho va siv dung dé danh gid khd nang tdi siv dung [61].
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Cac dac trung caa vat liéu hydrochar

Mbét sb dic trung ti€u biéu cta cac hydrochar dugc duogc hién thi trén Hinh 2.
Hinh 2 a cho théy, bot LDR ¢6 mot dinh nhiéu xa rong cuong d§ manh ¢ vung 21,9
radian va mot dinh nho quanh 34,4 radian, dic trung cho cdu trac cellulose [62],
mot dinh hep va sic nét & 26,5 radian dugc cho 1a ing voi mat phang mang (002)
ctia graphite [63]. Sau khi thily nhiét tai 220°C, phd XRD cta LH c6s su thay ddi so
v6i LDR: cuong do dinh ving 21,9° giam manh, va dich vé phia gbc 26 nho hon,
chung t6 su chuyén hoa cellulose sang dang carbon vo dinh hinh (C VDH). Tuy
nhién, khi thity nhiét trong méi truong H,SO; 1 M (SLH) dinh nay khong thay doi
dang ké ma xuét hién thém mot dinh méi tai 15,5°, tng v6i mit phang mang tinh thé
(101) cta cellulose [64]. Khi thay nhiét trong méi truong kiém manh (KOH 1 M) va
acid yéu (HsPO, 5 %) (mau KLH va PLH) dinh dic trung cia cellulose giam manh
va co su tach thanh hai dinh nhé tng véi ca cellulose va C VDH. Ngoai ra, dinh dac
trung cua graphite cling gidm manh. Nhu vay, moi truong KOH 1 M va H;PO4 5 %
d3 hd tro hiéu qua qua trinh chuyén héa LH thanh than.

Pho Raman cta cac hydrochar thé hién & hinh 2b, LH chi gdbm dai D (1335
cm™), ddc trung cho ciu tric mang ludi graphits bi khuyét tat va khong trat tu (cdu
trac C VDH) va dai G (1475 cm™), dic trung cho cau tric graphits [65]. Phd Raman
cia KLH va PLH c6 xuat hién mot s6 dinh khac tai 1118 va 1220 cm™, dic trung
ctia C VDH hay 1an tap chit, tai 1444 cm™ dic trung cho dao dong udn cua nhém
CH, cua C VDH, tai 1676 cm™ g véi vat liéu graphite [66], tai 1788 va 1906 cm’™
mg v6i nhdm C=0 trong GO [67]. Két qua nay ching t6, qué trinh thuy nhiét da
chuyén héa mot phan cellulose thanh C VDH va GO, hiéu qua chuyén hoa ting dan
theo diéu kién méi truong: H,O < H,SO, 1 M< KOH 1 M < H;PO, 5%.

Su chuyén hoéa nay ciing duoc phan anh boi ham luong carbon trong miu xéac
dinh tir phd EDS (hinh 2¢) va bang 2. Ham luong C trong SLH thap nhét va cao
nhat trong PLH [bbstltk].

Bang 2. Thanh phan C va H trong LDR va cac hydrochar xac dinh theo Phs EDS

Nguyén t/Mau | LDR LH KLH SLH PLH
C (% nguyén tir) | 62.12 72.35 75.39 64.67 77.66
0 (%) 36.79 27.05 23.64 34.08 21.71
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Hinh 2. Pho XRD (a), Raman (b), EDS (c) va FTIR (c) ctia LDR va céac hydrochar

Cac lién két dic trung trong mau dugce xac dinh tir phd FTIR (Hinh 2d). Cac
mau déu c6 mdt s6 diém chung: (1) dinh phd rong ving 3410 cm™ tng v6i dao dong
kéo gidn cia lién két O-H; (2) hai dinh pho tai 2918 va 2850 cm™ ung véi dao dong
k&o din cua lién két C-H ddi xtng va bat déi xtmg. Sau thuy nhiét, c4 mau c6 nhiéu
diém thay doi rd nét: Dao dong kéo dan cua lién két -C=C- hoic -C=N ving 2220
cm’ trong LDR d3 khong con quan sat duoc trong cac mau hydrochar. Dinh phd tai
1740 cm™ va 1649 cm™ dic trung cho lién két C=0 va C=C trong LDR da dich
chuyén vé sb song nhé hon (1700 va 1640 cm™), ty 1é cudng do gitta hai dinh ciing
thay ddi gitra cac mau, dinh C=0 giam trong SLH va KLH nhung dugc ting cudng
trong LH va PLH. Viing 1500 t&i 1200 cm™ dic trung cho céc lién két C-C, C=C va
vong thom giam déan theo thr tw cic mau LH, KLH va PLH. Ving phd 1200 t6i
1000 cm™ ddc trung cho lién két C-O-C kha 6n dinh vé cudng do va chi dich
chuyén nhe vé vi tri, chimg 6 lién két nay it bi anh huéng bai thuy nhiét.

Hinh thai hoc cac mau dugc nghién ctru qua anh SEM hinh 3. Bé mit caa LDR
(Hinh 3a) khong bang phang, ¢ cac rinh va cac vay tron duong kinh khoang 0,5
pm. Sau thity nhiét, bé mat SLH cho thdy sy pha huy it nhét, cha yéu cac vay bi v&
nho ra. Khi thity nhiét chi trong nuéc, cac khéi LDR dudng nhu da bi phd hiy & cac
16p ngoai, tao thanh cac 16p manh 16n nho khong ddng nhat, 16p bé mat kha xdp.
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Moi truong KOH 1 M di pha hiy bé mat manh va dong déu hon, bé mat bi chia t6i
rat nho. Mai truong HsPO, 5% duong nhu di xam nhap sdu vao trong khdi LDR,
pha huy méu tir bén trong téi cic hat twong ddi nho va dong nhat, kich thudc
khoang 0,2x0,4 mm, ciu trac khbi x6p. Mirc d6 pha hity nay phii hop véi sy thay
d6i ham luong nguyén tir carbon trong mau nhu dugc quan sat trong phén tich phd
EDS

d. SLH2 pm

e e

Hinh 3. Anh SEM céac miu LDR (a), LH (b), KLH (c), SLH (d) va PLH (e )

Sy thay d6i hinh thai vat liéu cho phép du doan sy thay ddi vé dién tich bé mat
riéng Sger va d6 x6p, nghién ctru bang cach str dung phuong phap hip phu/giai hip
phu dang nhiét khi nito (BET) va dugc trinh bay trong Hinh 4 a. Sger e SLH thip
nhat, 2,37 m%g, ting toi 8,63 m*g & mau KLH va ting t&i 28,73 m*g & mau PLH -
gap 12 lan mau SLH va 3,5 lan KLH. Pong gop ctia bé mit 18 xp vao tong Sger
dugc xac dinh bang tinh toan theo phuong phap BJH tuong Gmg cua SLH-KLH-
PLH 14 1,06 - 8,67 - 25,82 m?/g, cho thay muc d6 x6p ciia SLH rat thap trong khi
KLH va PLH 1a chii yéu. Nhu vay, du doan tir anh SEM 1a hoan toan phu hop. Kich
thudc 16 xdp cua PLH tinh toan theo phuong phap BJH kha nho va dong déu, 30,2
t6i 36,6 nm, phan anh cu trac trung md mesoporous. Bang 3 chi ra rang Sger clia
PLH Ia kha cao so v6i cac hydrochar da dugc nghién curu. Vé dic diém dién bé mat
PLH, diém déng dién x4c dinh tir thuc nghiém 1a 3,5 (Hinh 4b), cho théy trong dung
dich pH duéi 3,5, bé mat PLH tich dién duong va nguoc lai.
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Hinh 4. (a) Pudng hip phu va khir hip phu dang nhiét cac miu hydrochar va (b) do
thi xac dinh pH,,. cia mau PLH

Bang 3: Dir liéu mot s6 hydrochar ing dung hap phu MB va RhB

£ Mo hinh e aen
Stt | Hydrochar (Sr;':‘z; ) r];l}llllllgrcn pH df}ng nhiét 81‘;‘ /9) ;E:;lrrlllilllléo
g : hép phu g'e
Mason pine 3.13 156.73
Cedarwood 3.88 94.30
Tre 2.61 63.42
Vo dura 9.62 . 94.53

P lvonddao  [s04 |MB |7 Langmuir | 6 61 | 3]
Rom lta mi 8.32 73.81
Rom ngd 5.81 80.66
Rom lua gao 6.17 6208

2 V¢ cafe 31.30 | MB Langmuir | 34.85 | [31]

3 Shorea spp. 28.69 | MB - Sips 37.80 | [32]

4 Vo hat 7.93 MB 17.92 | [33]

\ 22.60- Langmuir | 37.30-

S| Volw 25.80 | MB Freundlich | 41.19 | B4

6 Bun thai 11.91 | MB Langmuir | 400.00 | [35]

7 N pha tap rom | 10.59- | MB 11 i 57.52 [68]
ngo 33.83 |CR 3 62.19
Sargassum 13.18- 17.29-

8 | muticum 60.86 ) 2077 | 149
wheat straw 9.40 RhB 6 ~40.00
Rom laa mi [41]

10 bién tinh Fe 52.74 6 80.00

11 | Furfural _ _ 39.46 | [42]
residue

12 | Kapok pod - 7 - 33.34 | [69]

MB . 97 Nghién

13 | LDR 28.37 RLB 4 Sips 73 ol ndy

3.2. Nghién ctru hap phu don chit mau
3.2.1 Mot s6 yéu té anh huéng t6i sy hap phu MB, RHB va co ché hap phu
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pH 12 mot yéu t6 quan trong anh hudng t6i dang ton tai cia MB va RhB trong
dung dich ciing nhu trang thai bé mit PLH. Thi nghiém danh gia anh huéng cua pH
t6i hap phu dugc tién hanh & cac pH 2, 3, 4, 6, 8 va 10 véi luong PLH 2,0 g/L va
nong d6 mdi chat mau 1a 20 mg/L tai 25°C va 4 h. Két qua thuc nghiém va pH dung
dich sau hap phu duoc trinh bay ¢ hinh 3a.

100 F 100 F —
e o5t e 0}
> 2 4 >
a a
o 90} o 80F
= = b)
“@ g5l @ 70}
? ? RhB
o a) @ —s— MB
T 80 —=—MB T 60
RhB
75 1 1 1 1 1 50 1 1 1 1 1
2 4 6 8 10 0 2 4 6 8 10
pH Ham lwvong PLH (g/L)
100
(o]
ﬁ14 - *g,
(=]
J =80
E12} c
00
2 = 60
[+% c B
a1} bt
El % 40
o 8f g
= =
2 0 0 2 ol
S 6|/f —=—MB,25°C —e—MB, 40°C 5
o —+—RhB, 25°C RhB,40°C | 2 |
4 L L L L g D — 1 1 1 1 1 1
0 50 100 150 200 2500 0 50 100 150 200 250 300
Théi gian (Phat) Néng d6 chat bi hap phu ban dau (mg/L)

Hinh 5. Mot s6 yéu t6 anh huong t6i kha ning hap phu MB va RhB trén PLH: pH
dung dich (a) lwong PLH (b), thoi gian va nhiét d6 (c), ndng do ddu MB/RhB (d)

Khi pH ting tir 2 t6i 4, hiéu suat hip phu ting nhanh (MB) hodc ting tir tir
(RhB), nhung khi pH tiép tuc ting thi hiéu suat hap phu lai giam dan. Theo gia tri
pH,.. = 3,5 thi khi pH dudi 3,5, bé mat PLH tich dién dwong, ma pK, cia MB va
RhB 1a 3,8 va 3,7, hay pH < pK, thi MB va RhB khong tich dién, do 6 kém bi hip
dan boi bé mat PLH tich dién. O pH > 3,5, bé mat PLH tich dién am, con pH > 3,8
thi MB va RhB tich di¢n duong, Iuc hut tich dién gitra ching thuan g1 cho hép phu.
Tuy nhién, khi pH tiép tuc ting thi sy hinh thanh dang dime héa ctia RhB ciing ting
[70], 1am giam kha ning hap phu. Do d6 pH 4 dugc chon 1a pH tdi wu trong cac
nghién ciru tiép theo.

Khi ndong d6 PLH tiang (hinh 5b) tir 0,5 téi 2 g/L, dung lugng hap phuy ting
nhanh, sau d6 ting khong dang ké, ching t6 ¢ nong d6 20 mg/L MB va RhB di hip
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phu bio hoa trén bé mut PLH, sy ting thém lugng chat hap phu khong lam ting
hiéu qua hap phu. Gia tri ndng d6 nay tiép tuc duoc str dung trong cac nghién ciru
sau.

30 mg/L MB va RHB hap phu bdi 2 g/L PLH di dwoc nghién ctru theo thoi
gian va nhiét d6 (Hinh 5c). Két qua cho thdy, khi thoi gian ting toi 120 phut thi su
hap phu gan nhu dat can bang, dic biét khi nhiét do tang, dung luong hip phu ting
nhe. Cac dir liéu nay dugc dung nghién ctru dong hoc va nhié€t dong hoc qua trinh
hap phu (Hinh 8 va bang 4).

Dung luong hap phu MB luén 16n hon RhB & nhiét d6 phong nhung lai ngugc
lai & nhiét dd cao hon. Mic du ca MB va RhB déu ¢6 cac nhom chirc va vong thom,
nhung cau tric MB phang hon so véi RhB, diéu d6 c6 thé anh huong téi kha ning
hap phu cua MB, nhiéu két qua nghién ctru ciing di dua ra két luan twong tu [59-
68]. Tuy nhién, nhiét d6 co6 thé anh hudng téi dich chuyén cua cic nhém nguyén ti,
dan t6i su thay dbi cau tric khong gian RhB, do d6 ting kha ning hip phu ctia RhB.
Sy tang hap phu khi nhiét do ting con thuong 1a do twong tac gitra chat hip phu va
chat bi hdp phu mang yéu t6 twong tac héa hoc.

Anh huong cua n?)ng do dau MB va RhB di dugc tién hanh vai néng do dau 10,
20, 50, 100, 150, 200, 250 va 300 mg/L véi PLH 2 g/L tai 25°C trong 4 h. Két qua
thé hién ¢ hinh 5d (va duoc dung nghién ctru dang nhiét hip phu hinh 7 bang 3). Tai
moi néng d6 dau, dung lugng hip phu MB déu 16n hon RhB, dung lwong hap phu
cyc dai thuc nghiém twong tmg 13 97 va 78 mg/g. Gia tri ndy cao hon so véi nhiéu
nghién cuu khéc: g ctia 14 bo hat m& 1a 49,27 va 36,06 mg/g [43]; cua than sinh
hoc hoat hoa tir sgi cellulose 1a 84 va 47 mg/g [44]; cia vo nhan hoat hoa HNO; 1a
59,97 mg/g and 32,40 mg/g [45]; boi biochar hat Pongamia glabra 1a 1,31 and 0,57
mg/g [46]; boi biochar va biochar bién tinh EDTA ché tr vo hat co 1a 7,4 and 7,11
mg/g [47]; boi vi nhya (polylactic acid and Polyamide 66) trudce va sau chiéu xa UV
1a 7,13 mg/g and 14,95 mg/g [49].

Co ché hap phu di dugc phan tich tir phd FTIR ctua PLH trudc va sau hap
phu (Hinh 5b). Dao dong kéo dén cta lién két O-H trong PLH d3 dich chuyén nhe
tir 3416 cm™ t6i 3407 cm™ sau hap phu RhB hay hén hop MB va RhB nhung dich
chuyén manh vé 3340 cm™ sau hap phu MB. D¢ rong vach phd thay ddi nho sau
hap phu hdn hop nhung lai mé rong manh sau hap phu MB. Piéu nay c6 nghia 13
lién két hydro da dwoc hinh thanh manh mé sau hdp phu MB boi nhém OH cua
PLH [71].
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c) 1102
O-H sauhp hén hop| H

D6 truyén qua (%)

1306 1043
164OI 1221

4000 35I00 30I00 25I00 20I00 1500 1000 5(I)0
Sé séng (cm™)
Hinh 6. Ciu trac khong gian 3D ctia MB (a), RhB (b), and phd FTIR cua PLH trudc
va sau hap phu

Tuy nhién, lién két nay khong thé hién rd trong hip phu hdn hop, ching to
MB bi canh tranh manh béi RhB. Lién két C=C trong PLH (1640 cm™) dich chuyén
vé 1620 cm™, 1599 cm™ va 1613 cm™ sau hap phu RhB, MB va hon hop, cudng do
cac dinh nay déu ting sau hip phu duogc cho 1a bai lién két C=N cta MB va RhB t6i
PLH, trong d6 MB thé hién manh hon. Sy thay doi vi tri va cudng do vach phod
vung 1400-1000 cm™ ciing kha rd rét: dinh 1306 cm™ ting cuong sau hap phu con
dinh 1221 cm™ giam sau hap phu RhB nhung dich chuyén it sau hdp phu MB va
hdn hop, dinh 1162 cm™ ting manh sau hip phu MB va RhB don 1¢ nhung lai bién
mat sau hap phy hdn hop. Vai pho tai 1043 cm™ ting manh sau hip phu RhB nhung
tang nhe sau hap phy MB va khong quan sat dugc sau hdp phu hdn hop. Diéu nay
ching to hinh thanh tuong tac gitta vong thom cua MB, RhB v61 PLH, su c6 mat
dang ké cua tuong tac m-w trong qua trinh hip phu [71,72]. Trong d6 anh huéng boi
RhB manh hon MB chting t6 hip phu RhB chi yéu boi twong tac ndy. Pang chu ¥,
céc thay doi trén pho sau hap phu hon hop déu trung gian giita pho sau hap phu MB
va RhB, diéu nay chimg t6 rang wu tién hip phu cta hai loai thudc nhudém 1a khac
nhau. Tuong tac chi yéu giira RhB va PLH lién quan dén tuong tic m-m tir vong
thom, trong khi d6i véi MB, tuong tac chinh 1a twong tac - tir C=N va C=C trong
MB dén PLH, ciing nhu lién két hydro giita nito trong MB va nhom O-H trong
PLH.

3.2.2. Nghién ciru nhiét dong luc hoc qua trinh hip phu

Dir ki¢én thuc nghi¢ém hép phu tai céc n@)ng dd didu MB va RhB khac nhau
dugc nghién ctru dang nhiét hip phu theo cac mé hinh Langmuir, Freundlich va
Sips, thé hién ¢ hinh 7 va bang 4.
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Hinh 7. M6 hinh hoéa céc dir liéu thuc nghiém hép phu MB va RhB trén PLH theo
cac mo hinh hap phu dang khac nhau: MB (a) va RhB (b)

Bang 4. Théng sé dang nhiét hap phu don MB va RhB trén PLH

100

Dung lwong hép phu can bang (mg/g)

0

l 20 40 60
Néng d6 cén bang (mg/L)

80 100

1 L
120 140

M6 hinh/ q Langmuir Freundlich Sips

Chét bl &P KL m KF ne bs Ks N
MB 97 | 0436 ] 8481 | 17.99 | 0.413 | 0.195 | 25.816 | 0,622
R? 0,928 0,947 0,994
RhB g |0.072 | 84,23 | 10,280 | 0,453 | 0,035 | 10,417 | 0,515
R? 0,910 0,970 0,973

Hinh 7 va Bang 4 cho thiy, hé sd twong quan R? ctia mé hinh Langmuir 1a

thap nhat, trong khi hé sé twong quan R> ctia mo hinh Sips 13 cao nhat. M6 hinh

dang nhiét Sips dugc phét trién dudi dang két hop gita mo hinh ding nhiét

Langmuir va Freundlich, lién quan dén sy phan bd hap phu trén bé mat khong dong

nhat ciia chat hip phu [73]. Nhimng két qua nay chimg minh rang 16p hap phu dau
tién thuc chit 1a hip phu hoéa hoc, tiép theo 13 cac 16p hip phu vat Iy. Co ché hap

phu bao gém hap phu hoa hoc va hip phu vat 1y. Hon nita, bé mit cuia PLH khong

ddng nhét.

Pong hoc ciia qué trinh hdp phu don thuc nghiém dugc nghién ciru bang mo
hinh dong hoc PFO, PSO va Elovich, két qua duogc thé hién trén Hinh 8 va Béang 5.
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Hinh 8. Pudng cong dong hoc hip phu cua dir liéu thue nghiém hap phu don chat
mau MB (a) va RhB (b) trén bé mit PLH (2.0 g/L) tai 25°C pH 4 theo cic md hinh
1y thuyét khac nhau
Bang 5. Cac thong s6 dong hoc va nhiét dong hoc hap phu MB va RhB

trén PLH

Hap phu don chit mau Hap phu hdn hop chit mau
Mb , MB (C,=30 RhB (C,=30 MB (C,=10 RhB (C,=10
hinh | 1018 SO mg/L) mg/L) mg/L) mg/L)
298K | 313K | 298 K| 313K [ 298K | 313K | 298K | 313K
Qeew 14,29 | 14,62 | 14,00 | 14,56 | 4,61 | 4,74| 443| 465
(mg.g")

qe(mg.g?) | 13,67 | 1390 | 13,62 14,19| 4,58 470 | 441| 460
Sai s6 (%)
PFO | (Qee&eo
ki (phut™) 0,058 | 0,090 | 0,038 | 0,074| 0,075| 0,071 | 0,114 | 0075

R2 0,923 | 0,800 | 0,931 | 0880| 0942| 0,895 | 0,847 | 0,831
qe(mg.g?) | 1482 1476 | 1509 | 1509 | 4,80 492 | 454| 480
Sai s6 (%)

435 494 272 252| -057| -095| -041| -093

3,72 094 | 7,72 3,66 | 4,17 368 239 321

(qe,e&qe,c)
PSO |1,
(g.mg'.pha | 0,005| 0,010 | 0,004 | 0,008 | 0,024 | 0,024 0,043 | 0,028
th
R, 0,980 | 0955| 0,973 | 0,973| 0,985| 0972 0,972 | 0,949
ke(gmg") | 0401 | 0,5529| 0380 0485| 1,487 | 1565| 2257 | 1,741
Elovi | 2
o | (meg'phi 3,74 | 22,08| 2,64 13,3 3,16 510 | 4796 | 893
th
R:? 0,989 | 0,982 | 0,978 | 0952 0,932| 0940]| 0,972 0.916
Nhiét | Kc 20,21 | 3884 | 11,57 | 3231 | 1571| 3046 | 12,39 | 33,00
dong
AG 7,448 | 9523 | -6,067 | 9,044 | 6,824 | 8890 | -6,236 | -9-103

hoc | (KJ/mol)
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AH

(KJ/mol) 33,765 53,076 34,227 50,723

Bang 5 cho thay rang, tat ca cac hang so téc do hap phuy, theo tat ca cic md
hinh, déu ting theo nhiét do, va cac hing s6 cia MB déu cao hon ctua RhB. Kha
nang hap phu can bang dugc tinh toan theo phuong trinh dong hoc PFO va PSO
(Qet.cal VA Qeacal) €O sai s6 twong d6i nho so v6i kha ning hip phu cin biang thuc
nghiém (qe.exp). Tuy nhién, qer e ludn hién thi sai sé am, trong khi qesca ludn hién thi
sai s6 duong. V& gia tri R? img voi cac mo hinh dong hoc PFO, PSO va Elovich (1an

2 \ r
luot 14 RT, Rz and RE) cho ca MB va RhB: Riluén nhé hon nhiéu so voi . Déi véi
. .z . 2
khéa nang hap phu MB thi R% 14 cao nhat. Doi voi kha nang hap phu RhB, RE25 cao

. 2 2 . 2
hon khong dang ké so véi R2'25, nhung R240 ca0 hon dang ké so voi RE4o, Tuy
nhién, gia tri R> cao nhat d6i véi su hdp phu MB 1a 0,988 va d6i voi RhB 1a 0,973,
cho thiy rang su hip phu MB hoidc RhB trén PLH 13 mot qué trinh phirc tap chir
khong phai hoan toan tuan theo phan Ung bac mdt hodc bac hai. D li€u thuc
nghiém pht hop mot phan véi cac mé hinh PFO, PSO hodc Elovich, phu hop hon
v61 moO hinh dong hoc Elovich cho MB va mé hinh dong hoc PSO cho RhB. Tat ca
nhimng két qua nay cho thiy bé mat PLH c6 tinh khong dong nhét [74].

3.3. Nghién ctru hdp phu dong thoi MB va RhB

Hon hop RhB:MB & céc ty 1& mol 2:1, 4:3, 2:3 va 1:3 (twong ng véi ty 1&
khéi luong ban dau khoang 15/5; 20/10; 10/10 va 10/20 mg/L/thuéc nhudém) duoc
danh gia vé kha nang hap phu hdn hop sau 4 gid ¢ 25°C va pH 4. Cac két qua nay
dugc so sanh v6i hip phu don 1é & cing nong d6 va diéu kién ban dau. Két qua
dugc trinh bay trong hinh 9. T 18 qem/qes (ty 18 gitta kha ning hap phu cin bang cua
ting chat trong hap phu hdn hop qem so v6i hap phu don q..) dugc liét ké trong
Bang 6.

Hinh 9 va Béang 6 cho thdy, dung luong hip phu can bang trong hip phu hdn
hop thap hon so v6i hap phu don & cac ty 1¢ mol ban dau khac nhau. Dbi voi MB, ty
16 Qem/qes & nONg d6 ban dau thap hon hodc cao hon so véi RhB (ty 1& mol cua
RhB/MB = 2:1 hoic 1:3), v mirc giam manh hon khi nong d6 ban dau x4p xi nhau
(ty 16 mol RhB/MB = 4:3 hoic 2:3). Piéu d6 c6 nghia 1a khi ndong d6 ban dau thép,
MB bi canh tranh manh hon, nhung khi néng do ban dau cao hon, MB khong chi bi
canh tranh bdi cac phan tor RhB ma con ¢o thé canh tranh véi céc phan tor MB khac,
vi ca hai déu 1a cac phan tir hitu co twong ddi cong kénh. DPdi v6i RhB, ty 16 qem/qes
cao nhat khi ty 1€ mol cia RhB/MB 1a 4:3, vi néng d6 ban dau cia RhB la cao nhat
(20 mg/L). Ty 1& Qem/qes cling gidm cho thdy kha ning hip phu canh tranh manh
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hon. Ty I¢ gem/qes cia RhB nho hon cia MB, ching to RhB bi canh tranh manh hon
MB. Piéu nay c6 thé dugc giai thich dé dang bang cau tric khong gian cong kénh
hon ctia RhB so véi MB. Tuy nhién, mirc giam nay 1a khong dang ké so v&i nhiéu
nghién ctru vé kha ning hip phu caa hdn hop MB va RhB trén cac vat liéu khac. Vi
du, qm cta diatomite Viét Nam bién tinh kiém trong hap phuy riéng 1é MB va RhB
lan luot 12 7,14.10* mol/g va 3.10* mol/g (twong duong 228,48 mg/g va 1437
mg/g), qm giam manh trong hap phu hdn hop, xudng con 4,55.10 va 1,4.10* mol/g
(bang 145,60 va 67,06 mg/g), giam khoang 35 % va 53 % [49]; hodc zeolite tur
nhién thuong mai tir cdc mé & Semnan, Iran, gy, trong hip phu don ¢ 298 K 1an luot
1a 6,4.10° va 1,15.10° mol/g (twong dwong 20,48 va 5,51 mg/g) ddi véi MB va
RhB, giam 50% va 60% trong hip phu dong thoi [50]; hodc pyrochar cua vo sin
trong hip phu don va dong thoi hai trong ba chdt MB, xanh malachit va RhB, qum
trong hap phu don dbi véi MB va RhB lan luot 13 286,41 mg/g va 265,36 mg/g,
giam manh trong hap phu hdn hop, 1an lugt con 51,07 mg/g (17,8 %) va 4,82 mg/g
(1,8%) [53].
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Hinh 9. Dung luong hap phu can giita hap phu don (s) va hip phu dong thoi (m)
ctia mdi chat hap phu tai cac ty 1 ndng d6 mol ban dau khac nhau: ty 16 mol
RhB/MB = 2;1 (a), 4:3 (b), 2:3 (c) va 1: (d)

Béang 6. Ty 1€ qem/qes cha hap phu MB va RhB trén bé mat PLH 2 g/L tai céc ti 1& ndng d6 mol
ban dau khac nhau trong hén hop

TV 18 Qem/qe. tai cac ti 18 ndng dd mol ban dau khac nhau trong hon

Chat bi hap phu hop
2:1 4:3 2:3 1:3
MB 0,958 0,986 0,984 0,921
RhB 0,974 0,992 0,926 0,785

Anh huong cua thoi gian va nhiét d6 dén kha nang hap phy ciia hdn hop MB va
RhB bang 2 g/L PLH duogc nghién ctru bang cach sir dung hdn hop 10 mg/L/thude
nhudm & pH 4, 25°C va 40°C, trong thoi gian tir 0 dén 240 phut. Céac so lidu thuc
nghiém nay duoc st dung dé nghién ciru déng hoc hip phu theo mé hinh dong hoc
PFO, PSO va Elovich. Két qua duoc thé hién trong Hinh 10 va Bang 5.

5 5
B G)
o Ee)
E 4l 5,4 X
> >4k )
'g_ -5_ ] _/
8 g | A
S sl a) Hap phy hén hop 25°C < a b) Hap phu hén hop 40°C
-y c ‘g
o = O ] —
2 : r;n:o(céz _50mgg;I2_) RHB(C,=5mgl) [ 53 2 = MBC=Smal) . mupc =5mgL)
£ —Pso,R?= 0985 PFO,RZ=0847 | 2 | f1- ~PFORT=08%_  opg 2= g1
8 21 — .. Elovich RP =093z PSO.RE=0972 | 3 P R oT2 —PSO,R?=0.950
' ' Elovich, R? = 0.880 g = -Elovich, R%=0.940  £y50ich, R2=0.916
Li 1 1 1 1 .jl-l ! 1 1 1
0 50 100 150 200 250 2 50 100 150 200 250
Thoi gian (phat) Thai gian (Phut)

Hinh 10. M5 hinh héa céc dit liéu thyc nghiém hap phu hén hop MB va RhB trén
PLH (10 mg/L/chat mau, 2 g/L PLH, pH 4) & 25°C (a) va 40°C (b) theo cdc mo hinh
dong hoc hép phu PFO, PSO va Elovich.

Bang 5 va Hinh 10 cho thiy, mic di qeicu XAp Xi Geep nhung ludn co sai s6 am,
gia tri ki » nhd hon k; 1, trong khi qei2 cao hon geir1. Ngoai ra, RE la thép nhat so
véi B2 va Rgﬁ, cho thiy dong hoc hap phu cia MB va RhB trong qua trinh hip phu
hdn hop khong tuan theo mé hinh dong hoc bac nhat. Di véi qua trinh hap phu

~ ) 2 2
RhB trong hon hop, twong tu nhu hap phu don, gia tri Rariyy RET1 13 nhy nhau,

2 2 3\
R212 cao hon RET2 nhung gia tri R2 chi 13 0,949 va 0,972. Pidu nay c6 nghia 14 qua
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trinh hap phu hdn hop trén PLH phu hop nhét véi mé hinh dong hoc bac hai, mic
du qua trinh hap phu RhB trong hdn hop 1a mot qué trinh phirc tap hon 1a phan tng
bac hai don gian. DP6i v6i kha niang hap phu MB trong hon hop, khong gidng nhur
hép phu don 1é, R2 cao hon déng ké so v6i RE & ca hai nhiét do. CAc sai 56 clia Qe
1nho S0 VG Qeexp. Ng0ai ra, koo déu cao hon ko TAt ca cac yéu to ndy déu chimg to
kha ning hip phu MB trong hdn hop trén PLH phu hop nhat véi mé hinh dong hoc
bac hai. Su gia ting kha nang hip phu MB va RhB theo nhiét d6 ciing da duoc quan
sat thdy trong mot s6 nghién ciru, chang han nhu bing diatomite Viét Nam bién tinh
bang kiém [50] hodc zeolite tu nhién thuong mai tir cdc mé & Semnan, Iran [51].

3.4. Nhiét dong hoc hip phu

Bang 5 cho thiy, cac gia tri ning luong tu do Gibbs (AG) clia cac qua trinh
hap phu don 1é hodc hdn hgp MB va RhB bang vat liéu PLH déu 4m, nghia 14 cac
qua trinh ndy mang tinh ty phat va thuin loi v& mit nhiét dong. Entanpy (AH) cua
qua trinh hip phu RhB va MB c4 ¢ dang don chat va trong hdn hop déu duong, co
nghia 14 qua trinh hip phu 14 qua trinh thu nhiét. V& mat 1y thuyét, AH > 0, d6 hap
phu tang khi nhiét do tang va két qua thi nghiém thu dugc ciing phu hop. Gia tri AH
ctia hip phu MB vao khoang 33-34 kJ/mol, nghia 13 ban chét cua cac twong tac hip
phu 1 trung gian giita vét 1y va hoa hoc, co ché hap phu ctia MB trén PLH bao gdm
hap phu héa hoc va hap phu vat Iy. Nhung gia tri AH cta hdp phu RhB vao khoang
50-53 kJ/mol, nghia 13 tuong tac giita RhB va PLH chu yéu 1a twong tac hoa hoc.
Hi¢u qua cia RhB nho hon MB do anh huong cua hiéu ing khong gian.

3.5. Kha nang tai sir dung

Vi¢ce tai st dung PLH duogc tién hanh qua 6 chu trinh hép phu — giai hép, g@)m
ca hap phu don 20 mg/L MB, 20 mg/L RhB va hip phu hdn hop MB va RhB (10
mg/L/chat hap phu) & 25°C, pH 4 trong 4 gid. Két qua duogc thé hién trén Hinh 11.
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Chu ky tai str dung
Hinh 11. Dung luong hip phu ctia PLH qua cac khu ky tai st dung

Déi voi hap phu don ctia ca MB va RhB, kha niang hap phy ting nhe sau mdi
chu ky, trong khi kha ning hap phu hdén hgp giam nhe sau mdi chu ky. Thong
thudng, cac nghién ctru cho thay kha nang hip phu giam nhe sau mdi chu ky tai sir
dung [75] hodc giam nhanh [76, 77] hoic giam khéng dang ké dbi voi MB nhung
giam nhanh d4i véi RhB [53], hiém khi ting [52].

Viéc tang kha ning hap phu sau khi tai sinh va tai st dung 1a két qua ngoai
mong doi chua dugc bio céo trong cac nghién ciru truée day. Nhiéu nghién ciru
trugc day da danh gia kha nang tai sinh hydrochar sau khi hap phu céc loai thudc
nhuom khac nhau, st dung cdc dung moéi thong dung nhu HCI, NaOH, etanol, axit
axetic, NaCl, NaCl trong Metanol, ... Trong d6, dung moi hitu co thuong dugc st
dung khi xay ra hap phu vt 1y, con dung méi v co dugc chon khi 1a hdp phu héa
hoc. Trong mot $6 truong hop, st dung HCL 0,1 M cho théy kha nang tai st dung
rat cao trong hap phu MB, chang han nhu hydrochar ctia Lavandin cho hiéu suat
gan 100% sau lan tai st dung dau tién va van con 96% sau lan ti sir dung thir sau
[78]. Tuong tu, hydrochar ciia persimmonpeel@montmorillonite dé hip phu MB
van giit dugc hiéu sudt 94,95% sau lan tai s dung thir nam [79]. Nhitng két qua nay
chi ra rang, HCI 0,1 M khong chi 13 chét tai sinh hydrochar hiéu qua ma con 1 chét
kich hoat, nang cao kha ning hap phu MB cta PLH.

Pé tai sinh chat hip phu RhB, nhiéu dung méi di dugc thir nghiém, dung dich
NaOH cho thay kha ning tai sinh va tai sir dung cao. Cac hat carbon rdng tir tinh
van ¢ hiéu suat loai bo RhB trén 90% sau sau chu ky tai sir dung [60], tuy nhién,
pyrochar tir hat Calophyllum inophyllum tai sinh bang dung dich NaOH sau bdn
chu ky tai str dung, hiéu suit hip phu RhB giam tir 95,5% xudng 56,4% [80]. RS
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rang 14 qua trinh tai ché va ban chat ciia chat hap phu c6 anh huéng quan trong dén
hiéu qua tai sir dung. DP6i véi PLH, quy trinh tai ché bang dung dich NaOH dugc
1ap lai nhiéu lan dé dam bao hiéu qua tai ché, cung voi qua trinh nung tuwong ti nhu
nhiét phan trong san xuét pyrochar gop phan kich hoat vat liéu, tir d6 ting hiéu qua

tai s dung.

Tuy nhién, d6i v6i vat liéu sau khi hip phu hdn hop, sir dung etanol 1am dung
moi tai sinh co thé khong dat dugc higu suat ti ché nhu dung dich NaOH hoic HCI
nén kha ning hap phu giam nhe sau mdi lan tai sinh. Hon nita, sy hap phu canh
tranh giita MB va RhB ciing gop phan lam giam hiéu qua hip phu hdn hop. Tuy
nhién, dung luong hip phu can bang chi giam tir khoang 4,55 xubng 4,22 mg/g d6i
v6i hdp phu MB va tir khoang 4,43 xudng 3,85 mg/g d6i voi hap phu RhB sau sau
chu ky, van 1a muc giam nhd, cho théy kha nang tai st dung rat tot cia vat lieu
PLH.
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KET LUAN
Dé tai da dat duoc muc tiéu dé ra la:

1. Cac mdi truong khac nhau anh hudng dang ké t6i ddc trung ciia hydrochar
bé sa ché tao duoc. Moi truong thuy nhiét H;PO. 5% tao ra vat li¢u phu hop nhat:
vat liéu c6 ham lugng carbon cao nhat (77,66 % nguyén tir), kich thudc nho va dong

déu, khoang 0,2x0,4 mm, cAu tric xép nhat va bé mat riéng 16n, 28,37 m*/g.

2. Panh gia kha nang hap phu don va hdn hop MB, RhB trong nuéc & céc
diéu kién khac nhau: pH, néng do vat liéu, néng dd ion, thoi gian, nhiét do. Hi¢u
sudt hip phu phu thuéc pH dung dich: tot nhat tai ph 4. Nong d6 vat liéu cang cao,
ndng do ban dau ion kim loai cang thip thi hiéu qua hdp phu cang ting. Cin bang
hap phu dat duoc & khoang 120 phut. Hiéu qua hap phu ting nhe khi nhiét d6 ting.
Dung lugng hap phu t6i da MB va RhB lan lugt 1a 97 va 78 mg/g. Kha ning hap
phu hén hop giam nhe. Kha ning hap phu giam khong dang ké sau 6 lan tai sir
dung.

3. Hép phu don chit mau tuan theo mé hinh déng nhiét Sips, dong hjc hip phu
don chat mau va hdn hop chit mau déu tuan theo mé hinh dong hoc bac 2. Cac qua
trinh hap phu déu tu phat va toa nhiét. Co ché hap phu chu yéu gdm tuong tic n-n
ctia hydrochar v6i RhB chu yéu béi vong thom trong khi giita MB véi hydrochar 1a
do lién két C=N, C=0 ctia MB v6i hydrochar va lién két hydro.
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PAI HOC THAI NGUYEN CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HQC KHOA HQC Péc 1ap -Tw do -Hanh phiic

BIEN BAN NGHIEM THU VA THANH LY HOP DONG
PE TAI KHOA HQC CONG NGHE CAP CO SO

Can cr Hop dong sé 70/HD-KHCN ngay 03/6/2024 gitta Truong Pai hoc Khoa
hoc va Ba Truong Thi Thao
Cén cir Bién ban hop Hoi df‘)ng nghiém thu chinh thirc cua dé tai Khoa hoc va
cong nghé cfip Co s& ngay 26/3/2025;
Can cir don dé nghi ngay 03/03/2025 cua chu nhiém d@ tai Truong Thi Thao vé
viée xin nghiém thu sém tién do dé tai khoa hoc cong nghé cap co sd;
Tén d tai: “Anh hudng clia moi trudong thay nhiét t6i dic trung va kha nang ha‘ip phu
mot s6 chat mau cua hydrochar ba chung ct tinh diu sa”, ma s6: CS2024-TN06-17.
Hom nay, ngay 31 thang 3 nam 2025, tai Trudong Dai hoc Khoa hoc — Dai hoc Thai
Nguyén, ching t6i gom:
Bén A: Truong Dai hoc Khoa hoc
- Dai dién: PGS.TS. Pham Thé Chinh
- Chuc vu: Pho hiéu trudong
- Dia chi: Phuong Tan Thinh — TP Thai Nguyén.
- Tai khoan: 3716.1.1012003.00000 tai Kho bac Nha nude khu vuc VII
Bén B: Chii nhiém dé tai
- Ho va tén: Truong Thi Théao

- Chirc vu: Chi nhiém dé tai

- Chtrc danh: Giang vién

- Don vi cong tac: Khoa KHTN&CN

- 86 86 CCCD: 019180009724, Ngay cdp: 11/08/2021, Noi cip: Cuc trudng
cuc canh sat quan ly hanh chinh vé trat tu xa hoi

- S0 tai khoan: 8500215008890, tai Ngan hang Agribank Chi nhanh tinh Thi Neuyén

- M s6 thué: 8029971658

- S6 dién thoai: 0915216469

Hai bén théng nhét ky két bién ban nghiém thu va thanh ly Hop df)ﬂg s6
70/HD-KHCN ngay 03/6/2024 vé viée thye hién dé tai Khoa hoc va cong nghé cip Co
s ndm 2024 véi ndi dung cu thé nhu sau:
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Diéu 1: Thoa thuan vé két qua thue hién Hop dong

Bén B da trién khai cac ni dung nghién ciru nhu trong Didu 1 cia Hop dong sé
70/HD-KHCN ngay 03/6/2024 vé viéc thuc hién dé tai Khoa hoc va cong nghé cp Co
s& nam 2024 va da ban giao ddy du cho Bén A céc san pham KHCN dugc néu ro trong
Hop d@)ng;

Bén A xac nhan céc ndi dung nghién ctru va céc san pham KHCN do Bén B ban
giao 1a dung v6i yéu cau cu thé vé chuyén mon nghiép vu va thoi gian & Diéu 2, Didu
3, Diéu 6 cta Hop ddng s6 70/HD-KHCN ngay 03/6/2024 v& viéc thuc hién dé tai
Khoa hoc va cong nghé cap Co s¢ nam 2024.

Diéu 2: San pham ban giao

Bén B ban giao va Bén A cac san pham theo yéu cau trong hop dong da ky:

N¢i dung nghién S6 .. | Ghi
STT bVT Thaoi gian Két qua
ciru lwgng chui
e Pat yé
1 | Baocdotdngkét |Bdocho | 01 |6/2024-3/2025 Phgt
cau
Bai bao quéc té i Dat yéu
2 Baibao | 01 |6/2024-3/2025 )
ISI/Q1 ciu
Téng cong 02

Sau khi tién hanh giao nhan, hai bén cung x4c nhan:
+ P s6 lugng béo céo nhu da néu trong hgp dong: 01 bao cdo tong két + 01 bai
bao ISI/Q1
Diéu 3: Thoa thuin vé nghia vu tai chinh
Tdng gia tri hop dong:  40.000.000 dong. (Bén muoi triéu dong chén).
S6 tién Bén A da tam tmg cho Bén B 1a 0 dong. (Khdng dong).
S6 tién Bén A con phai thanh toan cho Bén B 1a 40.000.000 ddng. (Bén mucoi
triéu dong chdn)
Bén A phai thanh toan s6 tién con lai cho bén B sau khi hai bén hoan thién day
du céc ching tir ¢6 lién quan.
Diéu 4: Thoa thuin nghiém thu va thanh Iy hop dong
Hai bén thong nhét ky Bién ban nghiém thu va thanh 1y Hop ddng sé 70/HD-
KHCN ngay 03/6/2024 vé viée thuc hién dé tai Khoa hoc va cong nghé cip Co s&

nam 2024.
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Bién ban nghiém thu va thanh Iy hop dong nay dugc lap thanh 3 ban, ¢6 gia tri
phap Iy nhu nhau, méi bén giir mot ban, 1 ban lam ching tir thanh toan. z(

Ngay 31 thang 03 nam 2025

én bén A Chii nhiém dé tai
= HIEU TRUONG Truwong Thi Thio

PHO HIEU TRUGNG

268.15. Phigm Lhi Chink
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