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QUY DINH VE BAI VIET DANG TAI TREN TAP CHi

Yéu cau chung

Bai viét gui dang trén Tap chi phai la bai viét nguyén thuy (chua dugc cong bé trudc dd). Tac gia
khong dugc gui dang bai viét trén céc tap chi khac cho dén khi cé quyét dinh xét duyét clia Ban Bién
tap.

Baib&o dai khéng qué 10 trang (bao gdm ca bang biéu, ghi chu, tai liéu tham khao va phu luc); font
chi: Times New Roman; ¢& chii 13; khd glay A4, 1é trén 2 cm, Ie dual 2 cm, |é trai 3 cm, |€ phai 2 cm.

Bai viét gli vé Toa soan dudi dang file mém va ban in; c6 the guii truc tlep dén Tap Chl (Phong 507,
s6 113 Tran Duy Hung, Cau Gidy, Ha Nbi) hoac qua hom thu dién td, dia chi: khenvn@most.gov.vn.

Tén bai bao

- Tén bai bao dudc viét bang tiéng Viét va tiéng Anh, trén trang dau clia bai bao, khéng gach chan hay
viét nghiéng.

- Tén bai bao phai ngan gon, rd rang va phu hop v6i ndi dung bai bao.

- Phia dudi tén bai bao la tén tac gia khéng viét chic danh va hoc ham, hoc vi. Néu cé nhiéu tac gia lam
viéc & cac co quan khac nhau thi tén tac gia dugc danh s6 (2-) & phia trén. DAu hoa thi (') chi tac gia lién
hé, dugc viét & cudi trang dau tién cla bai bdo.

Tom tat
Tém tat bang ti€ng Viét va ti€ng Anh. Néu dudc muc dich, phuong phap nghién ciu chinh, k&t qua

nghién ciu va két luan chl yéu. Tu khoa béng ca tiéng Viét va tiéng Anh theo thd tu alphabet. Chi s6
phan loai (theo hudng dan).

Dan nhap/d3t van dé

binh nghla van dé; tém lugc van dé nghlen clu da dugc cong bé trong va ngoai nudc, néu muc tiéu
nghlen cuu va glal thlch sy lua chon dé tai va muc tiéu nghién cliu dé thay dugc tinh thdl su, tinh khoa
hoc va su can thié€t clia van dé nghién cuu.

Doi tuong va phuong phap

Pai tugng nghién clu can trinh bay tiéu chuén Iya chon, dic diém déi tuong nghién cuu.

Phuong phap nghién ctu can néu rd céch ti€p can nghlen ctu, loai hinh nghién cuu, phuong phap
do ludng, cong thic tinh ¢d mau, phuong phép xU ly sd liéu, md ta ky cdc ky thuat tlen hanh trong
nghién cuu; cac quan diém, lap Iuan y ki€n tranh luan, céac dan ching...

Kétqua

Trinh bay day du, khach quan céc két qua thu dugc sau nghién clu, céc két qua nay phai phuc vu
cho muc tiéu nghién cuu. Cac s8 liéu phai chinh xac va khép vdi nhau. )

Phan két qua nghién cdu chi trinh bay cac két qua nghién ciu cla dé tai, khong giai thich, so sanh
va ban luan.
Ban luan

Chl y&u ban luan céc van dé lién quan dén muc tiéu dé tai.

Nhan xét, danh gia mot cach khach guan cac két qua nghién cuu, c¢6 so sanh véi cac tac gia khac
dé khang dinh hoac phl dinh nhiing hiéu biét da cé, qua dé néu du’dc nhiing diém méi va déng gop

cla dé tai.
Du béo hudng nghién ciu tiép va kha nang ting dung cac két qua nghién clu vao thuc tién.

Néu két qua nghién ctiu chl yéu clia dé tai c6 tinh khai quét lién quan dén muc tiéu nghién ciu, dé
XUét cac van dé tiép tuc nghién cdu.
Chi thich va tailigu tham khdo

Chu thich dugc danh sé& theo thuy tu xuat hién (123-) va dugc trinh bay ngay & cudi trang viét (footnote).

Cac tai lieu tham khao dudc danh sé theo thd tu xuat hién dé chi dan chung dudc trich dan & dau trong
bai bdo. S6 thi tu dugdc dénh trong ngodc vuéng, vi du: [3] v6i 1 ho#c [2, 5, 7-9] v6i nhiéu s8 chi dan.

| Téac gia (N&m xuat ban), “Tén tai liéu dudc trich dan”, Tén ngudn, tap (s6), pp<trang dau-trang cu6i>|

Téac gia: |a tac gid/cac tac gia cla tai liéu dugc tham khao, trich dan.

Nam xu&t ban: ndm xu4t ban cda tai liéu dugc tham khao, trich dan.

Tén tai liéu dugc trich dan: |a tén bai bao, chuong/phan séach..

Tén ngudn cé thé |a tén tap chi, tén séch, hay tén tai liéu goc cla tai liéu dugc trich dan (phan nay dudc
in nghiéng).

Tap (s6): danh cho ngudn trich |a tap chi, sach hoac cac xuat ban phdm khac (phan nay in dam).

Trang d4u-trang cudi la s6 thu tu cac trang phan anh noi cu tri cla tai liéu dugc trich dan trong tai liéu
nguén.

Chu y: néu c6 2 2 tai liéu tham khao do cung 1 tac gid/nhom tac gia, cling nam céng bd, thi cac tai lieu
tham khdo nay can dudc danh dau a, b.. sau nam xuét ban (vi du: 1986a).

Né&u c6 mot s6 tai lieu tham khao trong cung 1 bai bao dudc trich dan c6 s6 trang khac nhau thi can trich
dan thém s trang, vi du: Kitchen (1982, p 39).

Cac yéu cau khac

- Bai viét khong dat yéu cau, Toa soan khong tra lai ban thao. )

- Bai viét chi dugc dang khi phan bién nhan xét vé chat Iugng bai bao dong y cho dang.

- Ban quyén: tac gia dong y trao ban quyén bai viét (bao gém ca phan tém tat) cho Ban Bién tap
Tap chi.
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Khoa hoc tu nhién

Toan hoc va thng ké

Khoa hoc may tinh va théng tin
vatly

Héa hoc

Khoa hoc trai dat va moi trudng
Khoa hoc sy sdng

Khoa hoc nano

Khoa hoc tinh toan

Cac [inh vuc khac ctia khoa hoc tu
nhién

. Ky thuat dan dung: ki thuat kién

trdc; ky thuat xay dung; ky thuat
két cdu va do thi; kj thuat giao
théng van tai; ky thuat thuy Igi; ki
thuat dia chat cong trinh

. Ky thuat dién, ky thuat dién td, k

thuat thong tin

.3. Ky thuat cd khi, ché tao may
. Ky thuat héa hoc
5. Ky thuat vat liéu va luyén kim
. Ky thuat y hoc
. Ky thuat méi trudng
. Cobng nghé sinh hoc cong nghiép

. Cdng nghé nano
. Ky thuat thuc phdm va dé udng

. Céc linh vuc khac cla khoa hoc

ky thuat va cong nghé

. Y hoc cd s6

.Y hoc lam sang

.Y hoc du phong

. Dudc hoc

. Cac linh vuc khac clia Y

- dugc hoc

. Tréng trot
. Chéan nudi
. Thuy

Lam nghiép

. Thiy san
. Cong nghé sinh hoc trong néng

nghiép, thily san
Céc linh vuc khéc ctia khoa hoc
ndng nghiép

. Tamly hoc

. Kinh té va kinh doanh

. Khoa hoc giao duc

. Xa hoi hoc

. Phéap luat

. Khoa hoc chinh tri

. Dia ly kinh t& va xa hoi

. Théng tin dai ching va truyén thong

Lich st va khao c8 hoc
Ngén ng( hoc va van hoc

. Triét hoc, dao diic va ton giao
. Nghién ctiu vé khu vuc va quéc té
. Céc linh vic khac cla khoa hoc x&

hdi va nhan van




L3I NOI AU

gay 4/11/2021, Truong Dai hoc Khoa hoc Tu
nhién, Pai hoc Qudc gia Ha Noi di to chirc Hoi
nghi Khoa hoc nam 2021 véi chi dé “D6i méi
sang tao gin voi nghién ctru co ban ¢ Trudng Pai hoc Khoa hoc
Tu nhién” bao gém Phién toan thé va Hoi nghi khoa hoc ¢ 9 tiéu
ban chuyén mén. Pay 1a hoat dong khoa hoc quan trong cua Nha
truong nam trong chudi cac su kién chio mimg 65 nim truyén
thong Truong Pai hoc Téng hop Ha Noi, nay 1a Truong Dai hoc
Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi. Hoi nghi 1a dién
dan dé cac nha khoa hoc trong va ngoai Pai hoc Qudc gia Ha Noi
cung chia sé kinh nghiém va két qua nghién ciru cép nhat trong
Khoa hoc Ty nhién va Toan hoc, Khoa hoc Co ban dinh hudng
g dung ciing nhu mot sé linh vuc lién nganh méi.
Trong khuon kho Hoi nghi Khoa hoc nam 2021, Tiéu ban
PGS.TSKH Vii Hoang Linh lién nganh Cong nghé Moi trudong va Phat trién Bén virng td chire

Hiéu truong Truong Dai hoc Khoa hoc Tw nhién,  Hgi nghi voi chu dé “Khoa hoc phan tich phuc vu nghién ctru moéi
Dai hoc Québc gia Ha Noi

truong bién, an toan thuc phdm va y sinh” vao ngay 24 thang 11
nam 2021. Hoi nghi da thu hut sy quan tam cta dong ddo cac nha khoa hoc dén tr Pai hoc Quéc gia Ha Noi,
Truong Pai hoc Su pham Ha Noi, Truong Pai hoc Bach khoa Ha No6i, Truong Pai hoc Su pham Thai Nguyén,
Truong Pai hoc Quy Nhon, Truong Pai hoc Cong nghiép thuc phém thanh phé HO Chi Minh, Vién Hoéa hoc,
Vién Cong ngh¢é Moi truong, Vién Ky thuat Nhi¢t doi thudc Vién Han 1am Khoa hoc va Cong nghé Viét Nam,
Vién Khoa hoc va Cong ngh¢ Quan sy. Bay la mot hoat dong vo cung y nghia, tao mang ludi lién két gilta cac
nha khoa hoc thudc nhiéu linh vuc, mé ra kha ning hop tac lién nganh dé giai quyét cac van dé mang tinh thoi
su tai Viét Nam cling nhu quéc té. Hoi nghi ciing 1a co hoi dé khuyén khich thé hé can bo tré nang dong, sang
tao tham gia vao nghién ctru khoa hoc va phuc vu xa hoi.

Nhiam quang ba rong rdi ndi dung Hoi nghi chuyén dé “Khoa hoc phan tich phuc vu nghién ctiru moi truong
bién, an toan thuc pham va y sinh” téi cong dong khoa hoc trong nudc, chung t6i xin tran trong gidi thiéu an
pham dic biét nay véi nhitng két qua nghién ciru mai nhat cla cac nha khoa hoc trong linh vuc Nghién ciru
ddnh gid va kiém sodt 6 nhiém méi trwong nwéc bang cdc vt ligu than thién méi trwong duge bao cio tai Hoi
nghi. Hy vong 4n pham s& cung c4p cho ddc gia cai nhin vé hién trang moi trudong Viét Nam hién nay va cac xu
huéng nghién ctru lién quan téi kiém soat chat luong méi trudng va phat trién bén viing.

TM BAN TO CHU'C HNKH TRUONG PHKHTN 2021
HIEU TRUONG

-

PGS. TSKH Vii Hoang Linh
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Nghién ciru Iy thuyét kha ning hap phu 2,4-dichlorophenoxylacetic acid
trén carbon hoat tinh bién tinh boi Fe va Ag

Nguyén Thiy Hing', Pham Thi Bé"2 Nguyén Thi Kim Giang',
Nguyén Hoang Hao’, Nguyén Hong Anh*, Nguyén Thi Thu Ha"
!Khoa Hoa hoc, Truong Dai hoc Su pham Ha Noi
’Khoa Khoa hoc Tw nhién va Cong nghé, Truong Pai hoc Tdy Nguyén
3Vién Su pham Tu nhién, Truong Pai hoc Vinh
“Vién Khoa hoc Nang luong, Vién Han ldm Khoa hoc va Cong nghé Viét Nam

Ngay nhan bai 8/9/2021; ngay chuyén phan bién 13/9/2021; ngay nhan phan bién 13/10/2021; ngay chip nhan dang 21/10/2021
Tom tit:

Phwong phap phlém ham mat d9 lién két chit (GFN2-xTB) dwgc sir dung dé khao sit kha ning h:ip phu cia
2,4-dichlorophenoxylacetic acid (2,4-D) trén carbon hoat tinh (AC) va AC dugc bién tinh béi Fe va Ag (AC M). Cac
dac tinh electron ctia hé nghlen ctru dwge khio sat thong qua the nang ion héa, ai lwc electron va chi so electrophln
toan phan Nang luwgng hap phu, mit do dién tich va cac thong s6 hinh hoc da dwgc tinh toan va phéan tich dé1am ré
kha niing hap phu ciia AC va AC-M. Két qui cho thiy, viéc dwa cac nguyén tir kim loai vao AC da nang cao dang ké
kha niing hip phu dbi v6i 2,4-D. Co ché hip phu thay dbi tir hap phu vat Iy (trén AC) sang hip phu héa hoc (trén
AC-M). Anh huéng ciia cac dung mdi khac nhau (nwéc, methanol, acetonitrile) dén qua trinh hap phu ciing dwoc

nghién ctru va phan tich théng qua thuit toan Poisson-Boltzmann.

Tir khoa: carbon hoat tinh, doping kim loai, GFN2-xTB, hz‘ip phu, 2,4-D.

Chi s6 phén loai: 1.4

Dit van de

Sy tich tu cac chat 6 nhidm hitu co kho phéan hiy (POPs)
trong moi trudng gy ra nhitng anh hudng nghiém trong dén
strc khoe con nguoi va dong vt [1]. Cong ude Stockholm
vé x0a bo hodc han ché san xudt va st dung cic hop chét
POPs ra doi nam 2001, dén nam 2019 da thu huat sy tham
gia cta 184 qudc gia Ve‘l vung lanh tho, trong dé co Viét
Nam [2].

2,4-D 1a mot hop chat POPs pho bién, duoc biét dén nhur
mot trong nhiing loai thude diét ¢ va trir sdu 1au doi va phd
bién nhét, nén hop chit nay thudng duoc tim thiy trong moi
truong nude mat va nude ngam [3].

Gan déy, nhiéu phuong phap va cong nghé khac nhau da
dugc phat trién dé xtr 1y 2,4-D nhu: phan hity sinh hoc [4],
xtr 1y bang quang xuc tac [5], oxy hoa dién hoa [6]... Thach
thirc d6i voi xtr 1y 2,4-D 1a n6 thuong duogc tim thiy trong
moéi trudng v6i ndng do thip. Do d6, bude dau tién dé xu
1y hiéu qua 2,4-D 1a “thu gom”, va hap phu la mot phuong
phap phu hop dé thyuc hién diéu nay.

AC la mot trong nhirng chat hap phu dugc st dung rong
rii nhét do dién tich bé mit cao, cdu triic xop va ché tao don
gian [7]. Hon nira, ddc tinh ky nudc va cau trac h¢ electron
7 ciia AC rét thich hop dé hip phu cac hop chit c6 do phan
cuc thap va chita vong thom nhu cac POPs [8]. Tuy nhién,
do tinh hip phu linh hoat va da dang, AC c6 kha niang hip

“Tac gia lién hé: Email: ntt. ha@hnue.edu.vn
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phu nhiéu hop chit khac nhau trong dung dich. Do d6, can
phai bién tinh AC dé thic ddy qué trinh hip phu co chon
loc cac POPs. Bién tinh AC bang kim loai chuyén tiép la
mot trong nhitng phwong phap phd bién co thé lam ting
kha nang hip phu ciia AC. Vi du: pha tap cac kim loai (Cu,
Co, Fe, Ni, Zn va Mg) lam ting déng ké hiéu qua hap phu
ciia AC ddi voi 2,4-D [9]. AC bién tinh béi cac hat nano
magnetite Fe,O, thé hién kha nang hap phu t6t hon 60% so
voi1 AC nguyén chat ban dau [10].

Trong bai bao nay, ching t6i trinh bay két qua nghién
ctru 1y thuyét vé sy hip phu cua 2,4-D trén AC va AC-M.
Trong d6, Fe dai dién cho kim loai chuyén tiép duoc sir
dung twong ddi rong réi trong xir Iy POPs [5, 10] va Ag dai
dién cho nhom xuc tac kim loai quy, tuong dbi ben veé mat
hoéa hoc. Két qua thu dugc cung cp thong tin vé kha ning
tuong tac gitta 2,4-D va AC, AC-M ¢ cap do phan tir, gop
phan cung cap nhitng thong tin hitu ich cho viéc thiét ké va
téng hop cac vat liéu dugc ap dung trong xir Iy POPs.

Mo hinh va phuong phap tinh toan

Mé hinh AC duoc xay dung dya trén hinh anh hién
vi dién tir truyén qua (TEM) [11]. M6 hinh nay chira 134
nguyén tu, chu yeu 1a cac vong carbon 6 canh, c6 mot s6
vong carbon 5 va 7 canh dé biéu thi céac khuyet tat trén bé
mit [12]. Cac nguyén tir bién trén bé mit AC dugc bdo hoa
hoa tri bang cac nguyén tir hydrogen.



Fe and Ag supported on
activated carbon as an
effective adsorbent for

2,4-dichlorophenoxylacetic acid

treatment: a theoretical study

Thuy Hang Nguyen', Thi Be Pham' 2,

Thi Kim Giang Nguyen', Hoang Hao Nguyen®,
Hong Anh Nguyen®, Thi Thu Ha Nguyen'
'Faculty of Chemistry, Hanoi National University of Education
’Faculty of Natural Sciences and Technology, Tay Nguyen University

3Institute of Natural Sciences Education, Vinh University
Institute of Energy Science, VAST

Received 8 September 2021; accepted 21 October 2021
Abstract:

Extended tight-binding quantum chemical method
(GFN2-xTB) was performed to investigate the
adsorption of 2,4-dichlorophenoxylacetic acid (2,4-
D) on activated carbon (AC) and AC modified by Fe
or Ag (AC-M). Electronic properties of the studied
systems were estimated via vertical ionisation potential,
vertical electron affinity, and global electrophilicity
index. Adsorption energy, population analysis, and
geometrical parameters were calculated to -clarify
the adsorption ability of AC and AC-M. The results
indicated that the introduction of metal atoms to AC
substantially enhanced the adsorption ability for 2,4-
D. The adsorption mechanism changed from physical
adsorption (on AC) to chemisorption (on AC-M). The
influence of different solvents (water, methanol, and
acetonitrile) on the adsorption process was studied via
an Analytical linearized Poisson-Boltzmann algorithm.

Keywords: activated carbon, adsorption, GFN2-xTB,
metal doping, 2,4-D.

Classification number: 1.4
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Khoa hoc Tu nhién n—

Tét ca céc tinh toan toi wu hoa va nang lugng dugc thuc
hién bang phwong phap phiém ham mat do lién két chat
mo rong (GFN2 xTB) [13]. Néng luong thu duoc tir GFN2-
xTB bao gdm: ning luong ddy giita cac cip nguyén tir (E, )
phan tan phu thudc vao mat do (E,_ A Huckel kiéu mo
rong (E, ), tinh dién dang hudng va trao d6i dang hudng
(E ms+1xc) tinh di¢n di hudéng (E, ), trao d6i di huéng E
va the nang hoa hoc cua electron (G, ).

E= Erep * Edisp+ EEHT * EIES+IXC+ EAES + EAX

AXC

TG (D

Fermi

Cac phép toan dugc thuc hién ¢ nhiét do electron 1a 300
K, tiéu chuéan vé hoi tu nang luong la 0,1x10 Hartree va
hoi ty ham séng 1a 0,1x1073 e. Cac dac tinh electron ctia cac
hé nghién ctru dugc danh gia thong qua nang luong ion hda
(IP), ai luc electon (EA) va chi sb electrophin toan phan
(GEI). GEI dugc tinh theo cong thic sau:

(IP+EA)? )
8(IP—EA)

GEI =

Vén dé xac dinh cac cau hinh hip phu t6i wu, cling nhu
viée xac dinh cuc tiéu toan ph?ln ctia mot cAu trac ludn 1a
van dé duoc quan tim dic biét trong nghién ciru 1y thuyét
do murc d6 phtrc tap ctia n6. Trong nghién ciru nay, dé xac
dinh vi tri hap phu thuan loi nhat khi dua cac kim loai Fe,
Ag 1én trén AC hodc hip phu 2,4-D trén AC va AC-M, ciing
nhu cdu tric c¢6 ning lugng thip nhit (cuc tiéu toan phan
dbi voi 2-4 D), chiing t6i tién hanh nhu sau: trudc tién, mo
phong siéu dong luc hoc mo rong (meta-dynamic - MTD)
két hop véi truong lyc ¢b dién va bd sung budc chuyén giao
ma trdn z-GC (genetic z-matrix crossing) duoc sir dung dé
“lay mau” (sampling), tao ra cac cdu triic co ning luong
thip (khoang 200 cau triic dugc tao ra). Cac cdu trac co
nang lugng thép nhét s& dugc lva chon dé t6i uu hoan toan
sau d6 bang GFN2-xTB. Thuét toan MTD két hop ma trén
z-GC (iMTD-GC) dugc tich hop v6i phin mém CREST
(ma ngudn mé GFN-Xtb) di dugc chirng minh 14 mot cong
cu hi¢u qua trong xac dinh céac vi tri hép phu tdi wu, cling
nhu cac cuc tiéu toan phan, dic biét 1a ddi v6i cac phan tir
hiru co [14, 15].

Ning luong hip phu duge tinh theo cong thirc sau:
E . =E; -E....  -E ... . 3)

chu hinh hap phy ~ —chat hap phy chét bi hép phu

Anh hudng cua dung moéi dén qua trinh hip phu duoc
danh gia bang cach sir dung thuat toan phan tich tuyén tinh
Poisson-Boltzmann [16].

Keét qua va thao luan

Céu triic hinh hoc va tinh chat electron ciia 2,4-D, AC,
AC-M

Hinh 1 trinh bay cdu trac t6i wu cta 2,4-D va AC. Két
qua tinh toan cac thong so dugc thé hién ¢ bang 1.
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(A) (B)
Hinh 1. CAu trac téi wu ctia 2,4-D (A) va AC (B).

Bang 1. Cac két qua tinh toan céu truc va dic tinh electron cho
2,4-D va AC bing GFN2-xTB.

(A)

(B)
Hinh 2. CAu tric téi wu ctia AC-M. (A) AC-Fe, (B) AC-Ag.

Bang 2. Cac théng s6 tinh toan cho AC-M (M = Fe, Ag).

Thong sb GFN2xTB  Tai li¢u tham khio
2,4-D

d(C6-014) (A) 1,359 1,378°[17], 1,369 [18]
d(C12-014) (A) 1,401 1,421 [17], 1,413 [18]
<C12C13015H19 (do) 178,4 1807 [18]
<O16CI13015H19 (d6) 04 07 [19]

IP (eV) 8,544 =

EA (eV) 0,004 -

GEI (eV) 1,069 -

AC

IP (eV) 5,384

EA (eV) 3372

GEI (eV) 4,763

Ghi ch: ": tinh cho phenoxyacetic acid; ": tinh theo phuong phap phiém ham
mat do (DFT) véi by ham co s& aug-cc-pvqz/6-311++G(3df, 2p); ™: tinh theo
phuong phap DFT véi bo ham co s& B3LYP/6-311G™; d: dd dai lin két; <: goc
lién két.

So sanh két qua tinh toan bang GFN2-xTB véi céc tai
liéu tham khao cho thay, tinh chinh xac va phu hop cua
phuong phap nay doi véi cac hé dugc nghién ctru.

Méi twong quan giira kha ning nhan electron cia 2,4-D
va AC c6 thé duge danh gia dua trén cac gia tri I[P, EA va
GEIL Do AC c6 gia tri GEI cao hon, nén AC c6 xu hudng
nhén electron dé dang hon 2,4-D. Tuy nhién, do ning luong
ion hoa cua 2,4-D cao hon dang ké so v6i AC, nén su
chuyén electron tir 2,4-D sang AC théng qua twong tac vat
ly 1a khong thuén lgi.

Viée dua cac nguyén tir kim loai 1én bé mit AC c6 thé
gdy ra nhiing thay d6i dang ké trong ciu trac va tinh chat
electron cua vat li€u. Vi tri thuén loi khi pha tap nguyén ti
Fe/Ag vao AC dugc xac dinh bang thuat toan MTD-GC két
hop v6i GFN2-xTB nhu di trinh bay ¢ trén. Cac cau tric
duoc tdi wu hoa va céc thong s6 dugce tinh toan cho AC-M
dugc trinh bay ¢ hinh 2 va bang 2. Tuong tac giita kim loai
va AC dugc déc trung boi nang luong tuong tac (E) cua
AC-M va duoc tinh theo cong thurc sau:

E. = E oy - Ei By “)

f Al

TAP CHI

ono on it N e21199) 12021

Théng sb AC-Fe AC-Ag
E, (kJ mol) -384,87 -131,85
d_‘(M-AC) (A) 2,324 2,468
BO **(M-AC) 1,803 1,238
qM)** (e) +0,425 +0,314
IP (eV) 5,415 5272
EA (eV) 3,465 3,362
GEI (eV) 5,052 4,878

Ghi cht: ": khoang cach nhé nhét ttr M dén AC; ": BO Ia tong béc lién két Wiberg
gitba M va AC; ™": dién tich theo thang Mulliken trén nguyén tcr M.

RO rang, su tuong tac gitta M va AC 1a thuan lgi vé mat
nang luong do céc gia tri E, déu am. Ca Fe va Ag déu co vi
tri hép phu thuan loi nhét trén vong 7 canh trén bé mat AC.
Can luu y r?mg, su ton tai cta céc vong 5 va 7 canh mo ta
cac khuyét tat trén bé mat AC [12]. Cac vi tri khuyét tat nay
déu hoat dong manh hon cac nguyén tir carbon trong vong
6 canh [11]. Phan tich cac gia tri bac lién két cho théy co su
hinh thanh lién két hoa hoc giita cic nguyén tir Fe/Ag va C
cia AC. Ngoai ra, co su chuyén dich dién tich dang ké tir
cac nguyén tir kim loai sang ciu triic AC. Do d0, c¢6 thé két
luan twong tac gitra Fe/Ag vai AC 1a twong tac hoa hoc. Hon
nira, so sanh céc gia tri E, BO va q (M) cua AC-Fe va AC-
Ag d& dang nhan thiy tuong tic giita Fe véi AC manh hon
tuong tac gitta Ag voi AC.

Do tuong tac hoa hoc, cac dac tinh ctia hé¢ AC-M duoc
cho 14 s& khac voi AC ban dau. That vay, su cd mat cla cac
nguyén tur kim loai da lam tang gia tri GEI cua AC, do do
AC-M dugc dy doan sé c6 kha nang nhan electron cao hon
s0 v&i AC ban dau va kha ning hap phu ciia AC-M c6 thé s&
duoc cai thién dang ké.



Hd'p phu cia 2,4-D trén AC va AC-M

Céc cu hinh hép phuy t0i wu ctia 2,4-D trén AC va AC-M
dugc trinh bay ¢ hinh 3 va 4. Céc thong s0 tinh toan cho cac
cau hinh hap phu nay dugc trinh bay ¢ bang 3.

(A) (B)

Hinh 4. Hap phu 2,4-D trén AC-Fe va AC-Ag. (A) 2,4-D/AC-Fe; (B)
2,4-D/AC-Ag.

Bang 3. Két qua tinh toan cac théng sé cho cau hinh hap phu 2,4-D
trén AC va AC-M (M = Fe, Ag).

Thong ) 2,4-D/AC 2,4-D/AC-Fe 2,4-D/AC-Ag
E, (Kmoll)  -827 -333,5 2676
d_*(A) 2,714 2,150 (Fe-O) 2,406 (Ag-0)
q(2,4-D)" (e) 20,012 +0,213 +0,329
BO™ 0,000 1,149 0,646
Ghi ch: ": khoang cach nhé nhét tir 2,4-D dén chat hap phuy; ™: dién tich theo

thang Mulliken trén 2,4-D; ™
hép phu.

: tdng bac lién két theo Wiberg gitra 2,4-D va chét

Dbi véi su hap phu 2,4-D trén AC va AC-M, thong qua
gid tr1 E . co thé nhan thay qua trinh hép phu nay la thuan
loi vé mat nang luong. Khoang cach ngin nhat tir 2,4-D dén
AC tuong ung v6i khoang cach C-H 1a 2,714 A, 16n hon
dang ké so vai tong ban kinh cong hoa tri ctia cac nguyén tir
(ban kinh cong héa tri cia H1a 0,32 A, cia C 12 0,75 A). Su
chuyén dién tich tir AC sang 2,4-D 1a khong dang ké (0,012
e). Hon nita, khong c6 sy hinh thanh lién két héa hoc gitra
AC va 2,4-D (BO=0). Do d6, su hip phu 2,4-D trén AC
duoc coi la sy ha"ip phu vat 1y.

Viéce bién tinh AC bang Fe va Ag da cai thién dang ké
kha nang hip phu 2,4-D. Ning luong hap phu va gia tri d
dbi voi hap phu 2,4-D trén AC-M vé co ban thip hon déng
ké so voi AC. Ngoai ra, c6 su chuyén dich dién tich dang
ké tir 2,4-D sang AC-Fe va AC-Ag. Két qua nay hoan toan
phut hop véi két qua tinh chi s GEI di trinh bay & trén.
Tuong tac manh gitra AC-M va 2,4-D dugc gidi thich 1a do
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su hinh thanh cac lién két hoa hoc gitra kim loai hoat dong
M dugc gin trén AC va phan tir 2,4-D. Tong bac lién két
duoc hinh thanh gitta 2,4-D va AC-Fe, AC-Ag lan luot 1a
1,149 va 0,646. Do do, sy héip phu 2,4-D trén AC-M Ia hép
phu hoéa hoc.

Khi nghién ctru vi tri hap phu wu tién ctia 2,4-D trén AC-
M, mét diéu can luu ¥ 1a sy hdp phu phan tir 2,4-D duoc wu
tién dinh huéng song song voi bé mit AC chira cac vong 6
canh. Sy dinh hudng nay thuén l¢1i, boi ngoai twong tac hoa
hoc dugc hinh thanh véi cac vi tri hoat dong cta kim loai
(néu co), con co6 thém tuong tac xép chdng n-7, dic trung
cho tuong tac gilra cac vong thom [20].

Anh hwéng ciia dung moi

Két qua tinh toan trén di minh hoa rd kha niang hap phu
manh cua hé¢ AC-Fe va AC-Ag. Tuy nhién, trong thuc té,
cac qua trinh hap phu thuong dién ra trong dung dich. Vi
vdy, can khao sat anh hudng cia dung méi dén qua trinh
hap phu.

Bang 4 trinh bay cac két qua tinh toan ddi v6i sy hip
phu 2,4-D trén AC-Fe va AC-Ag trong cac dung mdi nudc,
methanol va acetonitrile. Céc tinh toan trong su c6 mét cta
dung moi ciing duoc thyc hién bang phan mém GFN-xTB.

Bang 4. Anh hwéng cia dung méi dén qua trinh hap phu 2,4-D trén
AC-Fe va AC-Ag.

2,4-D/AC-Fe 2,4-D/AC-Ag

Trong nuéc
E,, (kI mol") -199,5 -257,3
d_ (A 2,062 (Fe-Cl) 2,408 (Ag-0O)
BO 0,707 0,723
q(2,4-D) (e) +0,232 +0,413
Trong methanol

E,, (k] mol™) -314,9 -237,9

d_ A 1,927 (Fe-O) 2,411 (Ag-O)
BO 1,212 0,710
q(2,4-D) (e) +0,345 +0,402
Trong acetonitrile
E,, (k] mol™) -333,4 -236,7
d_. (&) 1,865 (Fe-O) 2,410 (Ag-0)
BO 1,245 0,697
q(2,4-D) (e) +0,301 +0,392

Két qua bang 4 cho théy, kha nang hép phu cua phy 2,4-
D trén AC-Fe va AC-Ag giam khi c6 mat cua dung moi.
Su giam dang ké dugc quan sat thay trong dung mébi nude.
Diéu nay dugc giai thich 1a do 2,4-D tan tét trong nudc va
céc dung méi hitu co [3]. Hon nita, tinh ky nudc ciia bé mat
AC ciing lam giam dang ké kha nang hap phu 2,4-D trong
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nude. Mot diém can luu ¥ 13, khi c6 mit cua dung méi nuéc,
gia tri nang luong hap phu 2,4-D trén AC-Ag lai thap hon
dang ké so voi trén AC-Fe, tirc 1a nguoc v6i xu hudng trong
pha khi. Diéu nay chwa duogc giai thich va lam rd trong cac
tai liéu tham khao, doi hoi cac nghién ciru sau hon vé anh
hudng ctia dung mdi t6i cu tric electron cling nhu tinh chat
cua vat liéu.

4 ~
Két luan

Trong nghién ctru nay, GFN2-xTB dugc st dung dé
khao sat kha nang hap phu 2,4-D ctia AC va AC-M (M = Fe,
Ag). Két qua tinh toan cho thay, viéc pha tap cac nguyén tir
kim loai trén bé mat AC da gdy anh hudng dang ké dén tinh
chat electron cua vat liéu, tir d6 cai thién kha nang hap phu.
Su hip phu 2,4-D trén AC nguyén chét 1a hap phu vat 1y.
Trong khi d6, qua trinh hap phuy trén AC-M dugc coi 1a qua
trinh hap phu héa hoc, 1a két qua ctia sy hinh thanh céc lién
két cOng hoa tri giita cac tam kim loai va 2,4-D. Su c6 mat
cua cac dung moi nhu nudc, methanol va acetonitrile lam
giam kha ning hap phu cua vat li¢u. Trong sé cac vét ligu
dugc nghién ciru, AC-Fe dugc coi 1a tng ctr vién tiém ning
nhat dé hip phu 2,4-D hiéu qua. Nghién ctru nay co thé cung
cép thong tin hitu ich cho viéc phat trién va thiét ké cac hé
vét liéu hiéu qua dé xu 1y 2,4-D.
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Phan tich dic tinh ciia rac thai vi nhwa trong tram tich béi bién
vung duyén hai Viét Nam: Nghién ctru ban dau tai Da Nang
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Tom tit:

O nhiém vi nhua trong méi troeong dang la van aé dugc the gidi va Viét Nam quan tam, dac biét dbi véi moi truong
ven bién. Nghién ciru dwoe thue hién voi dbi tuong la trAm tich tai 3 bai bién ¢ Pa Ning la My Khé, T20 va Son
Thiy. Viéc phan tich dinh tinh va dinh lwgng vi nhwa dwoc thwe hién bang hé thiét bi kinh hién vi ghép ndi véi
quang pho hong ngoai chuyen hoéa Fourier (uFTIR). Quy trinh phan tich da dugc ap dung thich nghi véi diéu kién
tai phong thi nghlem gom 5 buéc: (1) Lam khé va dong nhat mau; (2) Lam sach miu; (3) Tach vi nhya bing tuyen
ndi; (4) Loc lay vi nhua; (5) Pinh lwgng va nhan dang vi nhua. Két qua cho thiy, mat dd vi nhua tong s6 ¢ 3 bii bién
Son Thity, T20, My Khé lan luwot 1a 1.460+758, 1.799+370 va 29.232+2.577 manh/kg tram tich khd. Vi nhua dwoc
phan loai theo cac kich ¢& khac nhau, trong dé, loai ¢é kich thuéc nhé hon 150 pm chiém ty 1¢ 16n nhat: 77,83% &
Son Thity, 87,96% & T20 va 65,91% é& My Khé. Thanh phin héa hoc ciia vi nhwra véi cac loai polymer khac nhau di
dwgce xac dinh chinh xac, trong d6 3 loai polymer PTFE [Polytetrafluoroethylene (Teflon)], EVOH (Ethylene vinyl
alcohol) va PA [Polyamide (Nylon)] chiém wu thé trong cac miu. Két qua so' bd vé dic tinh ciia trim tich tai 3 bai
bién & Pa Niing 1a co sé cho nhirng nghién ctru tiép theo vé rac thai vi nhwa ¢ dai ven bo, ngoai khoi va cac mau lién
quan khac dé dua ra két luin vé nguon géc 6 nhiém vi nhya trong thiiy quyén ven bién Viét Nam trong twong lai.

Tir khéa: quy trinh phén tich vi nhya thich nghi, rac théi vi nhya, tram tich bai bién.

Chi sé phén logi: 1.5

Theo dinh nghia, vi nhua la cac tiéu phﬁn nhya véi ban
chét 1a céc polymer tong hop dang rin khong tan trong nudc
c6 kich thude nho hon 5 mm xubng téi vai micromet [1].
Vi nhya dd va dang dwoc cho 1a dbi tugng gay 6 nhiém moi
trudng mang tinh toan cau va dang bao dong boi su tich tu
rong rdi cua chung trong mdi trudng nudc ngot, nudc bién,
tram tich va sinh vat thuy sinh [2-5]. V& ban chat, ngoai thanh
phin nén 1a cac polymer, vi nhya con chira nhidu héa chat doc
hai di kém nhu cac chét hoa déo, chét tao mau, chat Chéng Oxy
hoa va cac phu gia... do d6, chiing s& 1a ngudn gy 6 nhidm khi
xam nhap vao cac chudi thirc dn, d& anh hudng dén moi truong
thuy sinh va suc khoe con nguoi.

Su c6 mat cua rac thai vi nhya trong moi truong bién c6
ngudn chinh 1a 6 nhidm tir dat lién. Do viy, viéc xac dinh
ddc tinh cta réc thai vi nhya trén bai bién c6 thé dugce coi la
bang chimng hitu ich cho viéc dinh hudng céc nghién ciru vé 6
nhiém vi nhya trong méi truong bién, bao gdm ca trong nudc
bién, tram tich d4y bién, ciing nhu hé sinh thai ven bién, dong
thyc vat thuy sinh va ddy chuyén thirc an [6-10]. Cac dic tinh
cua vi nhya duoc quan tam la mat dg, kich ¢, mau sic (den,

“Tac gia lién hé: Email: dovanmanh@yahoo.com, phamhungviet@hus.edu.vn
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xanh, tréng, dd...), hinh dang (dang manh, soi, hat hodac mang
mong...) va thanh phan héa hoc cia polymer nhu Polystyrene
(PS), Polypropylen (PP), Low density polyethylene (LDPE),
High density polyethylene (HDPE), Polyvinyl chloride
(PVC), Nylon... ¢6 thé dwoc xac dinh bang cac phuong phap
phan tich khac nhau.

Viét Nam duoc xac dinh 1a quoc gia phat thai nhwa 16n thi
4 trén thé gioi voi khoang 0,28-0,73 trigu tan nhuya thai vao
mbi truong bién hang nim [11]. Két qua khao sat nam 2019
cta T chirc Bao ton thién nhién québc té (TUCN) Viét Nam va
Trung tim HO tro phat trién xanh (Greenhub) cho thiy, rac thai
nhua chiém 92,2% s6 lugng va 64,8% khoi lugng trén tong
s réc thai duoc thu gom trén céc bai bién cua Viét Nam [12]
Trong 28 thanh phd ven bién ¢ nudc ta, Da Néng ndi tiéng vé
phat trién du lich bién v6i dudng bo bién dai hon 90 km cing
nhiéu bii bién dep. Vi toc do do thi hoa nhanh va sy gia ting
cta cac hoat dong phét trién kinh t& da khién thanh phd phai
chiu nhiéu 4p lyc vé méi truong, trong d6 ¢ ca 6 nhiém rac
thai nhua.

Thuc t& cho théy, mic di van dé 6 nhiém vi nhua dang
rat dugc quan tam nhung s6 lugng nghién ctru da thuc hién
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Abstract:

Microplastic (MP) pollution has become a global concern
and a hot issue in Vietnam, especially along the coastal
hydrosphere. Theinvestigation was carried outby collecting
the sediment samples from three typical urbanised
beaches in Da Nang: My Khe, T20, and Son Thuy. The
qualitative identification and quantitative analysis of MP
samples were conducted using micro-Fourier-transform-
infrared spectroscopy (uUFTIR). A tailored analysis based
on adaptation procedure of well-known ones was applied
including 5 steps: (1) Drying and homogenising sediment
sample; (2) Digestion and cleaning sediment sample; (3)
MPs separation by the flotation; (4) MPs sample filtration;
(5) MPs quantification and identification. The obtained
data showed that the abundances of MPs at three beaches
of Son Thuy, T20, and My Khe were 1,460+758, 1,799+370,
and 29,232+2,577 items/kg dry sediment, respectively.
MPs were classified by different sizes, in which the one
with sizes being smaller than 150 pm was accounted for the
highest proportion of 77.83% at Son Thuy, 87.96% at T20,
and 65.91% at My Khe beach. The chemical composition
of MPs with various polymers was precisely identified, in
which three dominant polymers were determined as PTFE
[Polytetrafluoroethylene (Teflon)], EVOH (Ethylene vinyl
alcohol), and PA [Polyamide (Nylon)]. Preliminary results
of MPs analysis in sediment samples of the three selected
beaches in Da Nang can be interpreted as a solid basis for
further investigation of MP debris in the shoreline, offshore,
and other related samples towards conclusions about the
sources of MP pollution in the marine environment in
Vietnam’s coastal hydrosphere in future.

Keywords: beach sediment, microplastic debris, tailored
analytical adaptation procedure for microplastics.

Classification number: 1.5
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van con han ché, boi day la véan d& méi, thiéu trang thiét bi va
phuong phap phan tich vi nhya chua dugc hoan thién. Trong
nghién ciru nay, trén co s tham khao dit ligu tir cac cong trinh
cong bb trén cac tap chi co uy tin, nhom nghién ctru da lua
chon cac diéu kién phul hop dé dua ra mot quy trinh phén tich
vi nhya trong tram tich v6i 5 budc, bao gdbm cac cong doan xir
Iy mau va nhan biét dinh tinh c4u trac héa hoc cac hop chit
polymer ciing nhu phén tich dinh lwong cac mau vi nhya béng
ky thuat phan tich hinh anh trén co sé st dung hé thiét bi kinh
hién vi ghép ndi voi pFTIR. Quy trinh nay da dugc ap dung
cho viée xdc dinh mot s ddc tinh ciia vi nhya trén bai bién
Da Ning, dong gop vao cac nghién ctru ban dAu vé rac thai vi
nhya tai Da Nang, dong thoi gop phan dinh hudng nghién ctru
vé& vi nhya trong moi trudng bién & Viét Nam néi chung.

Noi dung nghién ciu
Doi twong va pham vi nghién ciru

Céac miu trim tich dugc ldy tai 3 bii bién My Khé, T20 va
Son Thuy cua Ba Ning trong thang 3/2021 d& phan tich mat
d6 vi nhya tong so, kich ¢& va thanh phan hoé hoc ctia vi nhya
theo quy trinh phan tich vi nhya thich nghi trong nghién ctu
nay. Cac vi tri ldy mau vi nhua trong trim tich tai 3 bai bién
duoc minh hoa ¢ hinh 1.

Hinh 1. Cac vi tri lday mau tram tich bai bién tai Da Nang.

Phwong phap nghién ciru

Mau trAm tich bai bién dé phan tich vi nhya duoc 1iy theo
phuong phap tham khao tir mot s tai lidu: huéng dan ciia Co
quan Quan 1y khi quyén va dai duong qudc gia Mj (NOAA)
[13]; cac nghién cuu cta Frias va cs (2018) [1], Sartain va cs
(2021) [14] va dugc dleu chinh dé phu hop voi diéu kién thyc
té tai cac khu vuc lay mau. Khu vyuce ldy mau dugc chon bing
cach danh dau mot dudng cit ngang c6 chiéu rong 100 m,
song song vdi duong bo bién. Cac mau duoc thu thap doc theo
duong bo trén (triéu cao), dudng bo giira (tridu giita) va dudng
mép nude (triéu thap). Mdi duong ké nay dwoc chia thanh 4
khoang cach bang nhau (hinh 2). Mu tram tich bai bién dugc
thu thap bang xéng kim loai. Tai mdi bai bién, mau don dugc



ldy ngau nhién trong 3 khoang chia thugc 3 dudng tricu theo
dién tich 1y mu trong khung inox c6 kich thuéc 50x50 cm, &
d6 sau 0-5 cm tai 4 goc va diém giao nhau cia hai dudng chéo,
5 mau don néu trén duge tron déu s& tao ra mot mau to hop
khoang 1.000 g. Ctr nhu vay, mau t6 hop cudi cung dugc liy
tai 3 duong tridu va tron déu lai v6i khbi lugng khoang 1.000
g s€ dai dién cho khu vuc duge léy mau. Mau duoc bao quan
trong lo thuy tinh Duran (Bic) 1.000 ml ¢6 dan nhéan miu va
mang vé phong thi nghiém phan tich. Lay lap lai 3 1an miu t6
hop tai mdi bai bién voi khoang cach 200 m doc theo duong
bo tai bii bién d6. Tai phong thi nghiém, trudc khi phan tich,
mau tram tich duoc lam kho theo tidu chudn hoa khéi luong
tram tich [1, 13], mat d6 vi nhya trong tram tich bai bién duoc
tinh theo khdi lwong trim tich kho (manh vi nhya/kg tram tich
kho). Cac mau duoc phan tich voi d¢ 1ap lai 3 1an nhim dam
bao tinh dai dién cho két qua nghién ctru cia mdi khu vyc liy
mau. Nhu vy, téng s mau vi nhya dugc phén tich 1a 27 (3
mau/bai bién x 3 1an x 3 bii bién).
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Hinh 2. Danh d4u cac diém ldy mau tai mai vi tri nghién ciru.

Quy trinh xtr Iy miu bao gdm cac budc: lam sach, tach
bang tuyén ndi, loc liy vi nhya dwoc xdy dung thich nghi trén
co SO téng hop theo tai liéu tham khao [5, 15-17], lya chon va
thir nghiém véi cac mau thuc té. Mau vi nhua sau xit ly dugc
phén tich bang kinh hién vi hong ngoai Micro-FTIR Nicolet
iN10 MX (Thermo Fisher Scientific, Hoa Ky) tai Truong Dai
hoc Khoa hoc Ty nhién, Dai hoc Qudc gia Ha Noi dé xac dinh
mat do téng s, kich ¢& va thanh ph?m héa hoc cua vi nhya.

Kiém sodt chit lwong (QA/QC)

D¢ tranh 6 nhiém vi nhya trong qua trinh xtr I va phan tich
mau, cin phai tudn thi nhimg nguyén tic lam sach khu vuc
lam viéc bang con trude khi thyc hién quy trinh, mang quan
4o bong va gang tay nitrile trong phong thi nghiém; str dung
thiét bi va vét chira bang thity tinh hodc kim loai dé lay mau va
phén tich, x4c dinh vi nhya trong phong kin ¢6 che chan, nudc
cat va céac dung dich hoa chét dugc loc qua mang loc ¢& 0,22
um (MCE, Membrane Solutions, My) trudc khi sir dung; kiém
tra sw xuat hién vi nhua trong khong khi béng cach dat 1 mang
loc thuy tinh (loai str dung cho bd loc chan khong, GF/A 1,6
pum, duong kinh 47 mm, Membrane Solutions, My) vao dia
petri, m& nip. Thao tac nay dwoc thyc hién dong thoi khi phan
tich vi nhya trong cdc mau [1, 5]. K&t qua thi nghiém cho théy,
khong c6 vi nhya nao dugc phat hién trong cac mang loc nay.
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Pé danh gia hiéu qua thu hdi cua quy trinh dé xudt trong
nghién ctu nay, 20 hat vi nhya PE va PVC (Sigma - Aldrich,
M§) kich thudc khoang 1 mm di dwoc tron 3 mau tram tich ldy
tai 3 bai bién v6i khdi luong khoang 100 g trdm tich/mau. Cac
mau tron sau d6 duoc phan tich theo quy trinh thich nghi dé
Xudt. Ty 1¢ thu hdi cua cac vi nhua chuén 1an luot 14 95,0+7,1
va 90,0£0,0%. Két qua nay cho thiy, kha nang thu hdi vi nhya
hiéu qua tr quy trinh dugc st dung trong nghién ctu nay
trong ty nhu nghién ctru cua Wu va cs (2020) [18].

Xir Iy 56 ligu

Toan bo két qua cua qué trinh thyc nghiém déu duoge
1éy gid tri trung binh, 13p lai 3 lan va xir ly bﬁng phﬁn mém
Microsoft Excel 2016. Phuong phép phan tich phuong sai mot
yeu t6 (Oneway Anova) dugc st dung dé kiém tra sy khac biét

vé& mat d¢ vi nhya giita 3 bii bién vai sy khac biét co ¥ nghia
thong ké khi p<0,05.

Két qua va thao luan

Quy trinh thich nghi phin tich mdu vi nhwa trong tram
tich bi bién

Quy trinh phén tich mau vi nhwa trong trdm tich bai bién
gom 5 bude: (1) Lam kho va dong nhat miu trim tich; (2)
Lam sach mau; (3) Tach vi nhya bé“mg tuyén nbi; (4) Loc l?iy vi
nhua; (5) Pinh lwgng va nhan dang vi nhya.

Lam khé va dong nhdt mau tram tich: mau tram tich bai
bién dwoc 1am kho trudc khi phéan tich nhu sau: can chinh xac
100 g méau tram tich sau khi d4 loai bo phan rac th, mau cén
dugc siy kho ¢ nhiét do 55-60°C trong vong 48-72 gid trong
ti say DX402 (Yamato, Nhat Ban) dén khdi luong khong doi.
Mt nhiét va thoi gian siy mau nay khong 1am anh huéng dén
hinh dang va tinh chit cua vi nhua trong mau [4]. Vi nhiét
d6 sdy cao hon, co thé kich thich qua trinh 6xy hoa nhiét cua
vi nhya, c6 thé anh huong dén pho hong ngoai, mat do hat..
[2]. Khi du thoi gian va can dén gia tri khong d6i, mau duoc
lyu gitt & nhiét do phong, trong binh hut am. Sau d6, dong
nhat mbi mau 10 g dugc can bang can phan tich (AND-Japan/
HR-202i, Nhat Ban) c6 d9 chinh xac 0,1 mg va dung trong
cde thiy tinh chiu nhiét 1.000 ml (Duran, Ptrc) c6 dén nhin dé
thyc hién bude tiép theo.

Lam sach mau: cic mau tram tich bi bién c6 chira nhicu
vét chét hitu co, bude lam sach duge thuc hién dé loai bo cac
chét hiru co, cac tap chat gdy sai s6 cho viée dinh lugng vi
nhya. Dé 1am sach mau cho phén tich nhya, ¢6 hai phuong
phap dugc su dung la phan hay b?mg enzyme va hoa hoc.

Khi phan hity biang enzyme, mau chtra vi nhya dugc xir Iy
béng mot phitc hop cac enzyme (chitinase, proteinase, lipase,
amylase) dé loai bo cac chat hitu co (carbohydrate, protein,
lipid), trong khi cdc manh vi nhya khong bi anh hudng [19].
Tuy nhién, viéc bdo quan va nhi¢t d§ phan img cua enzyme
can thiét phai kiém soat nghiém ngat. Hién nay, gi4 thanh ciia
cac enzyme thuong mai do cac hing cung cap con kha cao nén
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viéc dung phuong phap nay dé 1am sach mau vén luén dugc
can nhac va cdi tién, ddc biét 1 viéc danh gia 6 nhiém vi nhya
cho cac mau sinh hoc nhu hau, so, c4... Do d6, phuong phap
nay khong nhét thiét phai sir dung cho phan tich vi nhua trong
mau tram tich.

Trong phuong phap phan huy hoa hoc, mau chira vi nhya
c6 thé dugce xir 1y voi cac hoa chat khac nhau nhu dung dich
30% H,0, hodc H 0O, két hop v6i H,SO,. Nhiéu nghién ctru cho
théy, H SO va HNO ¢6 thé pha huy hmh théi cua vi nhua [4,
17]. Hleu qua xu ly chat hitu co boi cac axit, kiém khac nhau
1a thdp & nhiét 6 phong khi lwong 16n céc chit hitu co van
con lai sau qua trinh xir ly. Viéc st dung thém Fe* két hop voi
H,0, s& hiéu qua hon dé pha hity cac chét hitu co hdn tap trong
mau V1 nhya cén phan tich boi co ché 6xy hoa manh ciia phan
g Fenton khi két hop Fe** voi H,O, trong diéu kién dudi

70°C ma khong anh huong dén hmh thal va viéc nhén dang
ph6 hong ngoai ctia vi nhya khi phan tich polymer [20, 21].
Do vay, nghién ctru nay da Iya chon, st dung két hop Fe** véi
H,O, trong budc lam sach méu dé phan huy céc chat hitu co.

Téch vi nhiwa bang tuyén néi: cac mau trim tich thuong
chira nhiéu vt chat gy anh huong toi qué trinh dinh lugng
va nhan dang vi nhya [22]. Su khac nhau vé ty trong trong
mau c6 thé sir dung dé phan tach vi nhya (d=0,80-1,45 g/ml)
tir tap hop vat chit cta tram tich (2,65 g/ml). Vi vdy, viéc tron
mau trim tich véi dung dich mudi ty trong cao c6 thé lam vi
nhua ndi 1én bé mat dung dich va tach ra dugc. Dung dich
mudi duoc ding phd bién 1a NaCl (d=1,2 g/ml) [4]. Tuy nhién,
cac loai vi nhya co ty trong cao hon chira polyvinyl chloride
(d=1,16-1,58 g/ml), polyformaldehyde (d=1,41-1,61 g/ml),
polyethylene terephthalate (d=1,38-1,43 g/ml) khong thé tach
dwoc bang dung dich NaCl [23]. Quy trinh tir tai liéu [15, 16]
cung str dung dung dich NaCl (d=1,2 g/ml) cho muc dich tach
vi nhya bang tuyén ndi, tuy nhién van khong tach duge chinh
xac luong vi nhya ra khoi cat [24, 25]. Nhiéu nghién ctru da
thao luan va danh gid uu va nhuoc diém khi ding cac dung
dich CaCl, (d=1,3 g/ml) Nal (d=1,8 g/ml) ZnCl, (d=1,6 g/ml)
cho muc dlCh tach vi nhwa bang tuyén ndi. Mot s6 nghién clru
dung két hop NaCl va Nal cling dat dugc ty 1€ tach chiét vi
nhua cao, tuy nhién Nal c6 gi4 thianh cao. Mot s6 nghién ctru
da str dung dau canola véi nude dé loc hodc dau olive két hop
voi NaCl. Dya trén cac danh gia vé wu, nhuge diém cia viée
stt dung céac dung dich co ty trong cao néu trén, nghién ctu
nay da lya chon va lam thyc nghiém véi dung dich NaCl 5,33
M (d=1,2 g/ml), ZnCl, 5,64 M (d=1,6 g/ml) theo ty 1¢ 1:3. Két
qua cho thay, vi nhua trong mau trim tich duoc tach véi hiéu
qua 96-100% dbi vai loai co kich thuge 1-5 mm va 96% véi
loai <1 mm, it gdy doc hai cho moéi truong va con nguoi [26].
Sau budc ndy, phan dung dich ndi bén trén s& dwoc chuyén
sang budc loc léy vi nhua.

Loc lcfy vi nhira: mau tram tich sau khi duoc tach vi nhua
bé’lng tuyén ndi néu trén duoc loc léy vi nhya béng bo loc chan
khong Duran st dung mang loc bang soi thuy tinh Whatman,
GF/F 0,47 pm, duong kinh 47 mm. Mang loc chua vi nhya
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dugc bao quan riéng 1& timg mau trong phong thi nghiém dé
dinh luwong va nhan dang vi nhya.

Dinh lwong va nhdn dang vi nhya: cac quy trinh phan tich
vi nhya theo [15-17] ¢6 két qua thu dwoc khong dé cap dén
dit liéu vé thanh phén polymer, trong khi day 1a mot thong s0
quan trong dé danh gia cic ngudn gay phat thai tir moi truong.
Trong nghién ctu nay, viéc dinh lugng va nhan dang vi nhya
theo phuong phép str dung kinh hién vi ghép ndi voi pFTIR
trén co 5o thiét bi Micro-FTIR Nicolet iN10 MX. Mau vi nhya
trén mdi mang loc dugc dan déu trén khay vang bang dung
cu que gat chuyén dung cua thiét bi. Khay vang duoc lap vao
dung vi tri ciia ban soi mau Ultra-fast mapping. Sau d6, vi
nhua duge do & ché do phan xa toan phﬁn ATR (Attenuated
total reflection) st dung detector MCT (Mercury - Cadmium
- Telluride detector) dugc lam lanh bang nito 1ong véi s6 1an
quét (scan) tiry thudc vao mat do vi nhua cé trong mau [27].
Detector nay cho d¢ nhay va toc do phan tich cao, v&i khoang
phd 7.800-650 cm'. Sau d6, phan mém chuyén dung OMNIC
Picta (Thermo Scientific, Madison, M§) s& hd trg cho viéc
quét, ghi phd va do kich thudc cac hat vi nhya xuét hién trong
viing mau trén toan bo khay vang.

Cac thong s thu dugc bao gom: kich thuge (chiéu dai,
chiéu rong), dinh danh chung loai cta timg manh vi nhya voi
do tuong dong (% matching) khi so sanh voi thu vién quang
pho hong ngoai cho cic cdu trac hoa hoc cta polymer IR
spectra library HR Hummel Polymer and Additives va hinh
anh phd cua timg manh vi nhya. Phuong phap nay c6 thé xac
dinh duogc cac vi nhya ¢ kich thude vai micromet ma khong
pha hity mau. Day Ia phuong phap c6 nhiéu thuan lgi trong
viéc xac dinh cac thanh phﬁn hoa hoc cua vi nhua, do chinh
x4c cao. Tuy nhién, thdi gian phan tich tuy thudc vao sb luong
céc hat vi nhya co trong mau [28]. Sau khi ¢6 cdc dir liéu nay,
can tlep tuc tong hop, phan nhom, xur ly s lidu dé co bo keét
qua cudi cung vé vi nhya gom: mat do, kich thudc, hinh dang
va cu truc héa hoc cia polymer cdc mau vi nhya (hinh 3).
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Hinh 3. Quy trinh phan tich vi nhya trong mau tram tich béi bién.
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Mt 56 két qud phdn tich vi nhwa trong tram tich béi bién
¢ Pa Ning

Quy trinh phén tich vi nhya thich nghi gdm 5 budc xy
dyng ¢ trén da dugc ap dung dé phan tich vi nhya trong cac
mau tram tich l4y tai 3 bii bién Son Thiy, T20 va My Khé ¢
Pa Ning. Két qua mat do vi nhua tong sd, kich ¢& va ching
loai thanh phﬁn vi nhya dugc trinh bay cu thé dudi day.

Mat dé vi nhuea tcfng 6 tai 3 bai bién khao sdt: mat do vi
nhya tong s tai 3 bii bién khao sat Son Thuy, T20 va My Khé
1an luot 1a 1.460+758, 1.799+370 va 29.232+2.577 manh vi
nhuya/kg tram tich kho (hinh 4).
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Hinh 4. Mat dé vi nhwa tai 3 bai bién & Da Nang.

Mat d6 vi nhua cao nhat duogc tim thdy tai bai bién My Khé
va cao hon dang ké so voi 2 dia diém con lai. Két qua phan
tich phuong sai mot yéu té cho thiy su khac biét c6 ¥ nghia
thong ké vé mat do vi nhua giita 3 bai bién nay (p<0,05). Nhu
da trinh bay, bai bién My Khé 1a noi tap trung dong khong chi
nguoi dan dia phuong ma con thu hut rat dong khach du lich
dén tham quan, tdm bién va kéo theo nhiéu hoat dong kinh
doanh, dich vu bién, thé thao dudi nudc... hon han so véi 2 dia
diém con lai. Mic du bai bién T20 cling tap trung dong khach
du lich nhung so v6i Son Thuy thi s6 liéu thu duge vé mat do
vi nhya khong c¢6 su khac biét, du bai bién Son Thuy chu yeu
phuc vu hoat dong tim bién cta ngudi dan dia phuong va la
noi co cac thuyén bé danh bt hai san cua ngu dan neo dau.
Diéu nay chung to, cac hoat dong san xudt, sinh hoat cta con
ngudi 1a tac nhan chinh c¢6 thé gdy nén tinh trang 6 nhidm vi
nhya. Trong nghién ctru cua To Thi Hien va cs [9] ¢ cac bai
bién tai Tién Giang va Viing Tau ndm 2020 ciing cho thiy, mat
d6 vi nhua cao hon & cac bai bién néu c6 nhiéu hon hoat dong
cta con ngudi, vi du nhu tim bién, didu nay cang ching to 6
nhiém vi nhwa bi anh huéng rat 1on tir cac hoat dong cta con
ngudi. Két qua nay ciing phu hop véi nghién ciru ctia Zhu va
cs (2020) [27], Schrdder va s (2021) [10]. Nghlen cliu cla
Kor va cs (2020) [29] cho thy, dan s6, ngudn nudc thai va
hé thong thoat nudc thai, huéng gio, du lich, hoat dong cong
nghiép & ving phu cdn méi truong bién duge coi 1a nhing
nhén 6 chinh anh huéng dén sy phan bd ciing nhu s phong
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pht cua vi nhya trong moéi trudng bién noéi chung.

Hién nay, tai Pa Nang, rac thai nhua ngoai viéc dugc thu
gom, tai ché thi phan 16n s& chon lap cung véi chét thai ran
sinh hoat tai bai rac cta thanh phé, tai day chung c6 thé bi
phan hty thanh vi nhya va ro ri vao nudc ri rac. Tu day, nude
ri rac sau khi dugc xu ly s€ dugc van chuyén dén mot s6 kénh
rach va cubi cung thai ra vinh Pa Nang. Hon nita, nudc thai
sinh hoat tir cic khu dan cu, nha hang, khach san lién ké ciing
¢6 thé 13 ngudn gdc cia vi nhya trén cac bai bién. Thém vao
do, nudc thai cong nghiép, dac biét tr nganh dét may sau khi
dwoc xtr 1y ciing thai ra séng ¢ ha luu va bién. Ngoai ra, cac
hoat dong nudi trong, danh bat thuy hai san ciing c6 thé 1a mot
ngudn phat thai vi nhya dang ké. TAt ca nhitng dan chimg nay
¢6 thé 1y giai cho sy da dang va phan bé cta vi nhya tai déy.

Gia tri trung binh ctia mat d6 vi nhya trong nghién clru nay
(10.830 manh/kg trAm tich kho) trong duong véi nghién ciru
ctia Quynh Anh Tran Nguyen va cs (2020) [30] tai khu vuc
Da Nang véi mat do vi nhya 1 9.238 manh/kg tram tich kho.
Khéc voi nghién ctru ciia chiing toi 1a 14y mau t6 hop trén 3
duong tridu song song véi mép nude, nghién ciru ciia nhom tac
gia nay thu mau trén mot mat cit duogce phac hoa tir mép nudc,
& d6 sau 0-5 va 5-10 cm tai 8 bai bién trai dai toan bo bd bién
Pa Ning. Tuy nhién, c¢6 thé thiy dwoc sy tuong dong vé mat
d6 vi nhya tai ciing pham vi nghién ciru. Ciing can phai lam rd
hon vé 1y do chang t6i 14y mau tai do sdu 0-5 cm 1a vi dé co
nhiéu cong bd dé cap dén xu hudng tap trung nhiéu vi nhya &
16p trAm tich bé mat hon & sau bén dudi [30-32], do do, cach
ldy mau trong nghién ctru nay co tinh dai dién hon cho khu
vuc nghién ciru.

S phén bé kich ¢& vi nhiea: vi nhya tim thy trong cac
mau tram tich & 3 bai bién Pa Ning ¢ phéan bd kich ¢& 22,7-
1.272,6 pm va kich thude trung binh 1a 113,9+152,8 um. Cac
vi nhya ¢ kich ¢& nho hon 150 pm chiém wu thé & ca 3 bai
bién Son Thuy, T20 va My Khé véi ty 18 tuong tng 1a 77,83,
87,96 va 65,91% (hinh 5A). Trong do, vi nhya c6 kich c¢& 51-
150 wm 1a nhom ¢6 s6 lwong trung binh cao nhat & bii bién My
Khé (12.825 manh/kg tram tich kho) va Son Thuy (649 manh/
kg trim tich kho), con 6 bai bién T20 cao nhét 1a nhom vi nhya
<50 pm, voi s luong 846 manh/kg trim tich kho (hinh 5B).
Cac két qua kich ¢& vi nhya tim thdy trong cac mau tram tich
& bii bién Pa Néng 1a phit hop véi mét sb nghién ctru vi nhya
trong cac mau tram tich bii bién trudc day 1a nhya c6 kich c&
nho chiém sb lwong cao hon [6, 10, 21].

14000

82050 ym
B51-150 pm
10000 B151-300 um
©301-500 um
8500 um

khi
I
8

85500 um
0301-500 jm
B151-300 jm
051-150 n
82050 jun

8000

T¥ 1 phin bb (%)

2
g

4000

2000

Mt d (minh vi nhyw/kg trim tich kho)

°

Son Thiy T20 My Khé

(A) Bii bién

(B) Biibién

Hinh 5. Phan bé kich c& cla vi nhwa tai 3 bai bién & Da Ning.
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S phdn bé vi nhira theo chiing logi: bang phuong phéap
UFTIR ¢6 thé dinh danh dwoc timg manh vi nhua khi quét va
so sanh phd hong ngoai ctia chung véi thu vién phd polymer
IR spectra library HR Hummel Polymer and Additives. Hinh
6 1a két qua (vi tri, kich thudc, pho hong ngoai, thanh phan
hoa hoc va do tuong dong khi so sanh véi phd chuan trong
thu vién) khi do mot sé manh vi nhya bang kinh hién vi hong
ngoai Micro-FTIR Nicolet iN10 MX.

Collected Spectra
ID Particle/Spectrum Cl identified Component Name
3 K=21864Y=-242 18 CYREZ 933 Resin

Mate Area Length  Width

888 013 610 574

3 X=-22.765Y=403 19 g-Alumina 761 050 1289 1024
3 X=-22.977,Y=-403 18 CYREZ 933 Resin 839 006 454 369
3 X=-23431Y=426 58 Poly(tetrafluoroethylene) 818 014 681 535
4 X=-25861Y=5.148 18 CYREZ 933 Resin 851 008 53.0 398
X=-21.864 Y=-24, Saaiie
X=-21.884, Tt [ \‘\.
e e N e

Lt g W/
X=-2i -J.,f"ﬂﬁ"“*"’\"fn“--x.wwmw - F\I‘”‘M"‘"W’A"\wm
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Hinh 6. Minh hoa két qua do vi nhya trén kinh hién vi hdng ngoai
Micro-FTIR Nicolet iN10 MX.

Thanh phﬁn hoa hoc cua vi nhua 1a tiéu chi co ban nhat
trong xac dinh 6 nhiém vi nhua [4]. Téng cong co 19 loai
polymer khac nhau duoc phat hién trong mau trim tich tai 3
bai bién nghién ctru, trong d6 ty 1¢ chung loai vi nhya chiém
wu thé theo thir ty PTFE (24,50-53,54%)>EVOH (9,56-
44,35%)>PA (11,29-15,55%) (hinh 7).
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Hinh 7. Thanh phan héa hoc chia vi nhwa tai 3 bai bién Son Thay,
T20 va My Khé.

Cac polymer chiém wu thé (PTFE, PA, EVOH) ¢6 ty trong
cao hon so voi nudce bién: PTFE 2,1-2,2 g/em?, PA 1,14 g/em?
va EVOH 1,1-1,2 g/em’, nén chung c6 thé theo dong nudc
bién tich lily & bé mat bii bién nhidu hon [33]. Theo béo cdo
cua Uy ban chau Au vé céc loai vi nhya bd sung vao cac san
phim [34], PTFE duoc b sung vao cac my pham va san phim
cham soc ca nhan nhu kem dudng da, chéng ning, my pham
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trang diém... dé tao d6 min muot va cang bong, do d6 co thé
thay hoan toan hop ly vé& dit liéu thanh phan hoa hoc cua vi
nhya. Ngoai ra, loai polymer nay con dugc dung trong cic
loai quan 40 chéng thim nudc nhu dd boi, phao boi... EVOH
thi dwoc dung nhiéu cho tmg dung mang boc thuc phdm, quan
40 bao ho va 1a thanh phan chinh ctia cac hop, tuyp chita my
phdm véi kha niang bao quan tot. Trong khi d6, PA dugc ding
nhiéu trong hoat dong danh bét ca, ddy cap, vi do bén cao, kha
nang chéng mai mon t6t [35] va thanh phan nay ciing c6 trong
cac san pham nhu db boi, 40 16t, 40 choang...

So sanh két qua ctia chung t6i v6i nghién ctru cia Quynh
Anh Tran Nguyen va cs (2020) [30] cho thdy, mic do twong
d6i cao vé thanh phén hoéa hoc cia vi nhya du cho nghién cuu
nay phén tich thanh phan héa hoc cua 10 soi vi nhya voi thanh
phan chinh 1a cic polymer gdm PA, PVA, PES. Piém dang
Iuu y 1a nghién ciru ndy va ciia chiing toi déu khong phat hién
théy thanh phﬁn PE, PP trong mau vi nhya. Lién hé véi thuc
té ¢ thé thdy 5, chinh quyén thanh phé dang ¢6 nhiing chinh
sach quan 1y tot rac thai bii bién. Do do, khong hé co su xuét
hién cta vi nhya nao tir qua trinh l1do héa polymer (Aging) tao
thanh tir sy phan manh cac san pham nhu chai dung d6 udng,
hop dung thirc an, ban ghé dé ngoai troi hay cac vt dung do
bép lam tir PP va PE.

Két qua xac dinh mat do vi nhya téng s0, phan bd kich
¢& vi nhya va thanh phan hoa hoc ciia polymer trong cac mau
tram tich tai bai bién néu trén khang dinh viéc thich nghi quy
trinh phan tich vi nhya 13 cAn thiét va mang lai hiéu qua cao
trong phan tich vi nhya bang hé thiét bi kinh hién vi hong
ngoai Micro-FTIR Nicolet iN10 MX. Ngoai ra, tir quy trinh
phan tich nay, vi nhya van c6 thé dugc phan loai vé hinh dang
(so1, manh, tron...) dya vao kich thudc chiéu dai va chiéu rong
cac hat vi nhua duoc thiét bi do ghi trén may tinh. Déng thot,
mau vi nhya sau khi xt Iy bang quy trinh ndy van c6 thé soi
chup anh, dinh dang mau sdc trén kinh hién vi soi ndi Leica
LED3000 SLI (Leica Microsystems, Switzerland) c¢6 gin
camera chup hinh véi do phong dai thich hop.

£ a
Ket luan

Déy 1a nghién ctru thudc nhém cac nghién ciru ban dau vé
dac tinh cua rac thai vi nhya trén bai bién véi doi tuong 1a trim
tich 1dy tir 3 bii bién & Da Néng. Ap dung quy trinh phan tich
vi nhya da t6i wu hoa gdm 5 budc tir xir Iy mau téi phan tich
cong cu da thu dugc tap hop $6 lidu vé mat do vi nhua téng 30,
kich c& va dac biét 1a chung loai vi nhya dugc xac dinh béng
kinh hién vi hong ngoai Micro-FTIR Nicolet iN10 MX véi do
tin cdy cao. Két qua ciia nghién ctru nay gbp phan khang dinh
thém vé két qua da dugc cong bd vé hién trang vi nhya tai cic
bai bién ¢ Pa Néang ciia nhom téc gia Quynh Anh Tran Nguyen
va cs (2020) [30]. Nhung két qud ndy con tao co s6 cho nhiing
nghién ctru tiép theo vé ban chét, ngudn gbc céc rac thai vi
nhya ¢ dii ven bo va moi truong sinh thai bién, mo ra kha
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niang danh gia qua trinh di chuyén cia vi nhya ciing nhu céc
hoéa chat lién két trong chuoi thirc an ty nhién cho cac nghién
ctru vé h¢ sinh thai bién cua Viét Nam trong tuong lai.

Nghién ctru duoc thyc hién thong qua dé tai ma sb
NVCC30.06/21-21 do Vién Han 1am KH&CN Viét Nam quan
ly. Céc tac gia xin chan thanh cam on.
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Nghién ciru xac dinh chi s6 COD, TOC theo phwong phép do quang
vung tur ngoai va img dung theo doi qua trinh phén huy
potassium hydrogen phthalate bang h¢ oxy hoa H,0 -HCO -

Nguyén Thi Bich Viét"", Nguyén Bich Ngan', Tran Thi Théu', Vii Thi Diu>

!Khoa Héa hoc, Truong Pai hoc Su pham Ha Noi
2Khoa Ty nhién, Truong Cao ding Sw pham Thdi Binh

Ngay nhén bai 13/9/2021; ngay chuyén phan bién 17/9/2021; ngay nhan phan bién 15/10/2021; ngay chip nhan dang 22/10/2021

Tom tit:

Trong nghién ctru nay, cac chi s6 COD (nhu ciu oxy hoa hoc) va TOC (tong carbon hitu co) trong h¢ o6xy héa H,O,-
HCO," chira potassium hydrogen phthalate (KHP) dwec xac dinh bang phuwong phap pho hap thu quang & Vung tu
ngoal - UV (260-310 nm) va cic yéu t6 anh hudéng téi do hap thu quang nhw pH, nong d¢ H,0, dwgc khao sat. Cac
duong chuén xac dinh COD va TOC thu duge lan lugt 1a: Abs = (3,10+0,04)x10xCOD - (0, 015:I:0 ,003) (R?=0,9996)
véi LOD=5,1 mg O,/1 va LOQ=13,6 mg O,/I; Abs = (0,008+0,0001)xTOC - (0,015+0,003) (R*=0,9996) véi LOD=1,6
mg/l va LOQ=5,4 mg/l Phuwong phap nay duo’c irng dung dé theo ddi sy phan hiy KHP béi tac nhin 6xy héa HCO,-
hinh thanh in-situ trong h¢ H,0,-HCO,". Két qua cho thay, hiéu suét xir ly KHP tinh theo COD va TOC ctia hé oxy
hoéa nay dat khodang 85% sau 90 phut chleu tia UV. Pho hap thu vung UV va sac ky dé HPLC cho thay, san pham

ciia qua trinh phén hily khong con hgp chét vong thom.

Tir khéa: chi s6 COD, hé éxy héa H,0,-HCO,", KHP, phwong phap pho hip thy UV, TOC.

Chi sé phén loai: 1.5

Pat van de

Véi tinh trang 6 nhiém ngudn nudc dang ngdy cang gia
tang, viéc xir 1y va theo doi chat luong c6 ¥ nghia quan trong
trong quan ly va bao vé tai nguyén nude. COD va TOC la
hai chi s6 quan trong ding dé danh gia mirc d6 6 nhidm chat
hiru co trong nude. Cac phuong phép tiéu chuan ding dé xac
dinh hai chi s6 nay thuong doi hoi thoi gian phan tich dai,
can st dung cac thude thir doc hai hodc c6 may moc thiét bi
chuyén dung [1-3]. Ngoai ra, néu qué trinh xur 1y chit hitu
co trong nudc thai co sir dung cac chit 6 oxy héa (nhu trong
cac h¢ oxy hoa tién tién Fenton, K.,S,0,, O,...) thi viéc theo
ddi 2 chi s6 COD, TOC bang cac phuong phap tiéu chudn
s€ bi anh hudng boi chinh cac tac nhan 6xy héa khir co
trong hé. Do vy, viéc nghién ctru va phat trién cac phuong
phap phan tich don gian, than thién véi méi truong, it tén
thoi gian, dac biét 1a khic phuc dugc cac yéu t6 anh hudng
da va dang dugc quan tim nghién ciru. Do hau hét cac hop
chit hitu co khong mang mau déu c6 UV nén phuong phap
do UV c6 thé 1a mot trong nhimg giai phap thay thé kha thi
trong viéc xac dinh COD va TOC. Uu diém cua phuong
phap nay 1a khong can xir Iy mau bang hoa chat hay nhiét
d6 cao va co thé dinh luong lién tyuc [4, 5]. Tuy nhién, ngay
ca cac nghién ctru sir dung phuong phap do quang ¢ nhiéu
buge song khac nhau trong vang UV két hop thuat toan hoi
quy da bién [5], cac yéu tb vo co c6 trong hé déu c6 thé anh
huong dén UV do duoc. Vi vay, viéc danh gia tinh kha thi
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cua phuong phap phan tich nay cho ting ngudn nude riéng
biét 1a can thiét. Cu thé, trong nghién ciru nay, dbi tuong
chit hitu co dwoc str dung dé phat trién phuong phéap xac
dinh chi s6 COD, TOC bang phuong phap do quang ving
UV la KHP, mét carboxylic acid thom hai chirc kha bén,
ddng thoi cling 1a chat chuan trong cac quy trinh chuan xéc
dinh COD, TOC [1, 2].

Bén canh d6, mét trong nhitng h¢ 6xy hda nng cao than
thién vi moi truong dang dugc quan tdm nghién clru trong
xir 1y 6 nhidm chét hitu co, dic biét 1a cac chat mau dét
nhudm, 1a str dung tic nhan 6xy hoa peroxymonocarbonate
HCO, hinh thanh in-situ trong h¢ H,0,-HCO, [6]. Viéc
khoang hoa cac chit mau chira hé thorm hen hop nay thuong
phai di qua qua trinh phén huy cac hop chit vong thom
don gian nhu KHP, salicylic acid, phenol... Muc dich cua
nghién ctru nay 1a nham xay dyng mot phuong phap don
gian dé phan tich ndng d¢ chat hitu co (dai dién 1a hop chat
KHP) théng qua chi s6 COD va TOC ma khong can qua
giai doan xtr Iy mau hay doi hoi thiét bi chuyén dung nhu
trong cac phuong phap tiéu chuan dé xac dinh 2 chi s6 nay.
Vi vay, nghién ctru ctia chung t6i tdp trung vao 2 nhiém vu
chinh: (i) Khao sat cac yéu t6 anh huong nhu PpH, ndng do
cua hon hop H,0,-HCO," t61 viéc xac dinh ndng do KHP,
chi s6 COD, TOC bang phuong phép do quang vung UV
(kmax—273 nm); (ii) Ap dung quy trinh phan tich vao viéc theo
ddi qua trinh phan huy KHP bang hé 6xy hoa H,0,-HCO, .
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Abstract:

In this study, the COD and TOC in H,0,-HCO," oxidation
system containing potassium hydrogen phthalate were
determined by UV spectrophotometry (260-310 nm). The
pH and H,O, concentrations were investigated as factors
influencing the absorbance measurements. The obtained
standard curves were Abs = (3.10+0.04)x10°xCOD -
(0.015+0.003) (R*=0.9996) with LOD of 5.1 mg O,/1 and
LOQ of 13.6 mg O,/1, and Abs = (0.008+0.0001)xTOC
- (0.015£0.003) (R?>=0.9996) with LOD of 1.6 mg/l and
LOQ of 5.4 mg/l. The method was applied to monitor
the degradation of potassium hydrogen phthalate by the
H,0,-HCO," oxidation system. The results revealed that
the COD and TOC removal efficiencies reached ~85%
after 90 minutes of UVC irradiation. The UV spectra
and HPLC chromatographs showed that no aromatic
compounds were obtained in the degradation products.

Keywords: COD, H,0,-HCO," oxidation system, KHP,
TOC, UV spectrophotometry.

Classification number: 1.5

Doi tiony va phuong phap

Dung dich nghién ctu kali hydrophthalate dugc pha
hang ngay tir dung dich gdc 2.000 ppm; hdn hop chét 6xy
hod H,0, 1,0 M - HCO, 0,5 M dugc diéu ché 50 phut truéc
khi str dung [6]; cac dung dich ion kim loai Cu?**, Mn**, Fe*",
Ni%", Co** 50 ppm duoc pha ngay trude khi lam thi nghiém
tir dung dich géc 1.000 ppm. Cac dung dich dé xac dinh
gia tri COD d6i chimg (theo phwong phép tiéu chuin) dugc
chuan bi theo hudng dan trong TCVN 6491:1999 [1].

Dé khao sat anh huong cua pH t6i phd hip thu ving
UV cua KHP, pH cua dung dich trong khoang 4-10 duoc
didu chinh bang may do Lab850 (dién cuc Blueline). Phd
hap thu duoc do bang may UV-Vis Biochrom S60. Gia tri
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TOC déi chimg (theo phuong phap tiéu chuan) duoc do trén
may Multi-N/C 2100 TOC analyser (Analytik Jena AG).
Céc diéu kién do sic ky HPLC-SPD M20A (Shimadzu):
cot C18 (4,5x150 mm, 5 pm), pha dong acetonitrile (ACN):
dém phosphate (PBS) 0,02 M (pH 4,7) 12 30:70 (v/v), toc dd
dong 1 ml/phut, nhiét do 10 40°C, thé tich bom mau 20 pl
va budc song 273 nm.

Puwong chuin xdc dinh KHP, COD, TOC bing phwong
phadp do quang UV

Khao sat phd hip thu vang UV cia dung dich KHP 80
ppm véi cic thong s6 anh huong 1a pH (pH=4-10), ndng do
H,0, (2-80 ppm). Duong chuén xac dinh KHP, COD, TOC
duoc xay dung trong khoang nong d6 KHP tur 15 dén 100
ppm & pH=8. P9 dung, d6 lap va tai lap cta duong chuin
dugc xac dinh theo AOAC [7].

Nghién civu sw phin hity KHP bang hé H ,0,-HCO -

Hé phan tng duoc thiét ké nhu & hinh 1 va cac thi nghiém
dugc thiét ké theo [6]. Quy trinh chung dé nghién ctru sy
phén huy KHP nhu sau: dung dich tic nhan 6xy hoa (H,O,-
HCO;,") dugc chuan bi bang cach tr@n H202 voi HCO, (theo
ty 1€ mol 1:2) 40 phut trudc khi bat dau phan ung. Sau do,
v6i thi nghiém khong chiéu birc xa UV, hdn hop phan tng
dugc chudn bi bang cach tron dung dich KHP véi dung dich
chét 0xy hoa, thém xtc tac ion kim loai, diéu chinh pH toi
8 bang dung dich NaOH 0,05 M trong binh phan tmg (hinh
1A). Con v6i thi nghiém c6 birc xa UV, hon hop phan tmg
dugc bom tuan hoan qua budong UV (hinh 1B). Nong do
KHP con lai theo thoi gian duoc theo ddi bang cach dinh ky
lay ~2 ml hdn hop phan tmg, loai bo H,0, du (do H,0, ciing
hap thu quang ¢ viung 260-310 nm nén c6 thé gay can tr¢
viéc dinh lwong KHP), rdi do quang ¢ ving UV (260-310
nm). Viéc loai bé H,0, du dugce thuc hién bang cach dun &

(A) B& diéu nhiét
~ Khudy tir

Bom tuan hoan

B

(B) N&i véi =
ngudn dién Van lay

maiu
Bé diéu nhiét

s MM —

i =— Nuwécra

\r |
1
Nwérc vao
= ) I I ™ Budng UV

Hinh 1. So d6 hé phan rng khéng birc xa UV (A) va hé phan (rng
c6 birc xa UV (B).
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90°C trong 30 phut [8]. Trong quy trinh nay, cac yéu to anh
huéng dén sy phan huy KHP da dugc khao sat gdm: xuc tac
ion kim loai M?* (1an luot 1a Cu?*, Mn?*, Fe*", Ni**, Co** va
hén hop Co*-Cu?*), ndng do cac chat trong hdn hop phan
ung va buc xa UV.

Piéu kién khdo sat kha nang xiic tdc ciia cdc ion kim
logi: [KHP]=80 ppm, [HCO,]=3 mM, [H,0,]=6 mM,
pH=9,5, [M2*]=0,1 ppm (hozc hon hgp Co* 0,1 ppm - Cu?*
0,1 ppm).

Piéu kién khdo sat sw phan iy KHP véi nong dg chdt
oxy héa Ién: [HCO, =100 mM, [H,0,]=200 mM, cic didu
kién khac gilr nguyén.

Diéu kién khao sat anh hwéng ciia birc xg UV: [KHP]=80
ppm, [HCO,]=3 mM, [H,0,]=6 mM, [C02+] =0,1 ppm,
pH=8, birc xa UVC 12W (A =254 nm, chiéu lién tuc).

Gia tri COD va TOC cua dung dich KHP trong qué trinh
phan huy duoc xac dinh bang phwong phap duong chuin
UV tai bude song tdi wu. Gia tri COD nay dugc so sanh voi
gia tri xac dinh theo phuong phap tiéu chuan [1]. Gi4 tri
TOC duogc so sanh vai két qua xac dinh trén méay do chuyén
dung Multi-N/C 2100 TOC analyser. Céac thi nghiém dugc
lap lai 3 lan.

Keét qua va thao luan

Puwong chuin xdc dinh nong dp KHP, COD, TOC bing
Pphwong phap do quang ving UV (2=273 nm)

UV cuia dung dich KHP vé&i nong d6 80 ppm duoc khao
sat trong vung UV tir 260 dén 310 nm & cac pH khac nhau
(pH=4-10). Két qua hinh 2 cho thdy, budc séng hap thu cuc
dai cia KHP tai pH=4 1a 280 nm, cuc dai nay giam dan va
dich chuyén vé phia budc séng ngin hon khi ting pH. Vi
cac pH tu 5,5 dén 10, buéde song hép thu cuc dai duy tri on
dinh 6 273 nm. Do vay, UV ¢ budc song 273 nm dugce dung
dé xay dung duong chudn xac dinh ndng d6 KHP trong moi
truong pH=8, két qua duoc thé hién & hinh 3.

0,6

——pH 4,0
——pH 5,5

pH 6,0

pH 6,5
—pH 7,0
——pH 7,5
—pH 8,0
—pH 9,0

04 |

Abs

02 f

260 270 280 290 300 310
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Hinh 2. Phé hép thu viing UV ctia dung dich KHP (80 ppm) & cac
pH khac nhau.
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Hinh 3. Pwong chuén xac dinh KHP.

Trong khoang nong do KHP tir 15 dén 100 ppm, UV phu
thude tuyen tlnh vao KHP. Xt ly s6 liéu theo phuong phap
binh phuong t6i thiéu (ham LINEST-Excel) thu dwoc cac
thong s6 thong ké ciia duong chuan nhu sau:

Abs = (3,68+0,05)x10°xC, ., - (0,015+0,003) (1)

vai R?=0,9996. Gia tri LOD va LOQ xac dinh dugc tuong
ung la 3,5 va 11,6 ppm.

Do lap, do ding ctia phuong trinh duong chuan duoc xac
dinh cho két qua CV=0,7%, d¢ tai lap duoc xac dinh cho két
qua CV=2,59% (voi do tin cay la 95%) la phu hop voi tiéu
chuan ciia AOAC.

Trong cac tai li¢u tham khao nghién curu xac dinh COD,
TOC theo phuong phap do quang UV su dung céc thuat toan
hdi quy da bién [5] cho théy, c6 thé sir dung phuong phap do
phé hap thu UV dé xac dinh COD, TOC vé6i d6 chinh xéac
va tin c@y cho phép. Tuy nhién, trong nghién ctru nay, viéc
phén huy KHP bang hé H,0,-HCO," véi sy c6 mat cua H,0,
c6 thé anh huong dén gia tr1 UV tal vung 260-310 nm. Dung
dich KHP 80 ppm khi c6 mat H,O, v&i nong do thay doi tir 2
dén 80 ppm cho thay, khi nong do H,O, nho6 hon 20 ppm thi
khong anh huéng dén UV ciia KHP (SD<3%)

Theo [1, 9], COD cua dung dich KHP 850 ppm la 1.000
mg/l, thay C,,,=850/1000xCOD vao phuong trinh (1) thu
duoc:

Abs = (3,100,04)x10°xCOD - (0,015+0,003) )

véi R?=0,9996. Gia tri LOD va LOQ xac dinh duoc lan luot
la5,1val13,6mgO,/L

Theo [3, 10], TOC cua dung dich KHP 204,22 ppm la
96 mg/l, thay C,,,=204,22/96xTOC vao phuong trinh (1)
thu duoc:

Abs = (0,008+0,0001)XTOC - (0,015+0,003) 3)

véi R?=0,9996. Gia tri LOD va LOQ xac dinh dugc tuong
ung 1,6 va 5,4 mg/l.

Tém lai, c6 thé tom tit quy trinh xac dinh COD va TOC
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ctia mau phén tich nhu sau: i) Pha it nhat 7 dung dich chuan
KHP c6 ndng d6 trong khoang 15-100 ppm bang nudc khir
ion; ii) Po UV (Abs) cua cac dung dich nay ¢ budc song
273 nm; iii) Thiét lap duong chudn sy phu thudc Abs =
axCy,, T b; iv) Quy doi sang phuong trinh tinh COD: Abs =
ax(850/1000)xCOD + b; v) Quy doi sang phwong trinh tinh
TOC: Abs = ax(204,22/96)XTOC + b; vi) Po UV Abs ctia
dung dich phéan tich ¢ budc song 273 nm, thay gia tri Abs
nay vao phuong trinh ¢ budc iv va v thu dugc gia tri COD,
TOC twong ung.

Nghién ctvu sw phin huy KHP bang h¢ H ,0,-HCO;

Anh huwong cua xuc tac. theo [5], cac ion kim loai cé vai
trd xtc tac trong qua trinh phan huy cac hop chat hitu co
bang hé H ,0,-HCO,". Céc khao sat phan huy KHP khi co6
mit lan luort cac ion klm loai sau 120 phut cho thdy hau nhu
khong ¢ su giam nong do KHP (CV<0,5%). Tuy nhién, céc
nghién ctru khac cua chung t6i vé kha ning phan huy chét
mau cua hé H202 -HCO, cho thdy vai tro dang ké cua ion
Co* [6]. Do vay, cac nghlen ctru phan huy KHP van dugc
thuc hién khi c6 mat Co** 0,1 ppm.

Anh huéng ciia nong dé chdt éxy héa: & mot diéu kién phan
{mg twong duong véi diéu kién phan huy chat mau Reactive
Blue 19 [6], két qua cho thdy, s phan huy KHP bang dung dich
chét 6xy hoa & néng do cao (HCO, 100 mM, H,0, 200 mM)
sau 120 phut 1a hau nhu khéng dang ké khi khong chleu burc xa
UV (CV=3,1%).

Anh heéng ciia birc xa UV: & diéu kién c¢6 chiéu UVC
voi sy ¢ mit cua xtc tac Co*, phé hép thu ctia hon hop
phan tmg phan huy KHP theo thoi gian chiéu birc xa dugc thé
hién & hinh 4. Két qua cho thdy, sau 5 phut da c6 su phan hay
KHP thanh cac hop chét trung gian, lam cho phé hép thy tai
khoang 260-310 nm tang Ién, nhung van con ‘quan sat thdy
dinh hap thu cia KHP tai 273 nm (va vai hap thu tai 280
nm) cho dén khi thoi gian chiéu 1a 20 phat. Sau do, cac san
pham trung gian tiép tuc phan huy va phd hip thy giam dan
vé gia tri nén.

e TO
T5
0,4
T10
—T15
@« e T20
=
< —T30
0,2
= T40
= T60
——T90
0 1 L L Nén
260 270 280 290 300 310

A (nm)

Hinh 4. Phd hap thu ving UV (260-310 nm) ciia hé KHP, H,0,-
HCO,-, Co* & cac thoi gian chiéu UV khac nhau (0-90 phut).

TAP CHI

HOA HOC

NGNGHE |e Nam 63(11DB) 11.2021

Khoa hoc Tu nhién n—

Két qua tuong ty ciing duge quan sat thiy trong sic ky
d6 HPLC duoc thé hién ¢ hinh 5. Hon nira, sic ky do cua
hdn hop phan tng sau 90 phut chiéu UV cho thdy khong con
cac hop chat trung gian hap thy tai 273 nm, bao gdm cé cac
hop chét c6 vong thom.

by |
g |
-7}
z [
z |
= |
e |
o0
g |
5 |
i /LJ’ 90 phit
L~ 60 phit
) (N — 30 phiit
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Hinh 5. Sc ky dé cua hé KHP, H,0,-HCO -, Co?* & théi gian chiéu
UV khac nhau.

Tir cac két qua trén cho thdy, viéc phan huy KHP boi hé
H,0,-HCO; ¢6 Va1 tro dac biét ctia buc xa UV va can duoc
nghlen ctru tlep vé anh huong ctia cdu tric, dic biét 1a nhom
chtre va vi tri ciia nhom chire trén vong thom.

Xic dinh COD va TOC: hén hop phan tmg KHP 80 ppm,
H,0, 3 mM-HCO, 6 mM, Co** 0,1 ppm (gia tri ly thuyét:
COD 94,1 mg O /1 TOC=37,6 mg/l) khi dugc chiéu birc xa
UV cho thdy, & giai doan trung gian ctia qua trinh phan huy, cac
san pham trung glan ciing hp thy trong viing budc song khao
sat. Do vay, chi so0 COD, TOC duoc xac dinh theo duong
chuin 2 va 3 va theo phuong phap ddi chimg chi duoc ap
dung véi mau KHP sau thoi gian chiéu UV 90 phut. Cac gia
tri nay dugc so sanh vai cac gia tri COD, TOC tinh theo 1y
thuyét ciia dung dich d6i chtng khi chua chiéu UV (bang 1).
Bang 1. Gia tri COD, TOC ctia hén hop phan tng.

Hdn hop ban ddu  Hdn hop phin ing
COD ly thuyét 94,1 -
COD (theo cong thirc 2) - 13,2+0,5
COD dbi ching s 14,4+0,5
TOC 1y thuyét 37,6 -
TOC (theo cong thurc 3) - 5,240,3
TOC dbi ching - 7,8+0,4

1
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Tir cac két qua nay cho thay, sy phit hop ciia phurong phap
xac dinh COD, TOC theo phuong phap do quang vung UV
v6i ddi chimg. Luu y, chi s6 COD xac dinh theo [1] voi mau
da dugc loai bo lugng H,0, du, nén gia tri xac dinh COD
theo 2 phuong phép 1a kha phu hop. Gia tri TOC d6i chiig
duogc xac dinh theo phuong phap 6xy hoa nhiét va dugc tinh
bang hiéu cua gia tri TC (tong carbon) va IC (carbon vo co)
c6 gia tri cao hon so v6i phuong phap xac dinh theo duong
chuan 3. Piéu nay c6 thé do luong du HCO;" con lai trong
hon hop phan tng. Sy loai bo COD, TOC cua dung dich
KHP & diéu kién nay dat ~85%. Tuy nhién, khi xac dinh
COD, TOC theo phuong phap do quang vung UV (duong
chuén 2 va 3), gi¢i han LOQ twong tng 1a 13,6 mg 0,/1va
5,4 mg/l, nén gia tri COD, TOC (bang 1) bi gidi han boi cac
LOQ nay va hi¢u suét loai COD, TOC chi xé4c dinh duoc tbi
da 1a ~85%. Trén thyc té, hiéu suit phan huy KHP c6 thé
con dat duoc cao hon nhu két qua HPLC da chi ra.

Trong nghién ctru nay, duong chuan xac dinh COD,
TOC theo phuong phap do quang vang UV (A =273 nm)
dugc xay dung va danh gi4, cac duong chuan thu duoc lan
lugt 1a Abs = (3,10+0,04)x10°*xCOD - (0,015+0,003) va
Abs = (0,008+0,0001)xTOC - (0,015+0,003). Phuong phap
nay duoc ap dung dé theo ddi va danh gid qua trinh phan
huy KHP bang hé¢ H,0,-HCO, . Két qua cho thy, ¢ diéu
kién c6 xuc tac ion kim loai (0,1 ppm) va pH=8, su phan
huy KHP 1a gan nhu khong dang ké khi khong chiéu buc
xa UV, ké ca véi ndng do chat 6xy hod cao. Tuy nhién, khi
chiéu birc xa UV, hiéu suat phéan huy c6 thé dat ~85% sau
thoi gian 90 phut. Két qua phan tich sic ky HPLC cho thay,
san phim cta qua trinh phan huy khong con hop chét vong
thom. KHP 1a mot dan xudt thom don gian, tuy nhién voi
céu trac chira 2 nhom chirc carboxylate & vi tri ortho- c6
thé 1a mot trong ‘nhing hop chit trung gian trong qua trinh
phan hity cac chit mau chira vong thom va can duoc nghién
ctru thém.
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Tom tat:

O nhiém asen (As) trong nuwéc duéi dit thuong dwgc tim thiy & cac viing dong bang bdi tich thude lwu vire cac con
song lon, trong do Vung Dong bang song Hong ciing dwoc bao cao bi 6 nhiém véi nong do cao cua As. Trong nghién
ctru nay, nuwée dudi dt tir 50 gieng nha dan dwgc thu thap aé nghién ctru sy phan b6 theo khong gian ciia As ¢ khu
vue tay bac Ha Noi. Két qua chi ra ring, As trong nuée dwéi dit & khu vire nay nam trong khoang <5 dén 334 pg/l,
trong dé cé toi 62% s0 giéng nghién ciru vurgt qua tiéu chuin cho phép ciia T chire Y té thé gi¢i (WHO) vé nong do
As trong nuéc udng (10 pg/l). As trong nuéc dudi dit & khu vue nghién ciru phan b6 khong déu theo khong gian, tap
trung 6 mét dai hep gnra song Hong va song Day Sw phén bd nay cdia As dwgce xac dinh c6 thé lién quan dén tudi
tram tich, cung sw xuét hién xen ke cac dai trAm tlch ¢6 nién dai khac nhau, dong thoi ciling lién quan dén hwéng
dong chay nuwéc dudi dit va su Xuit hién cia cira s0 dia chét thiy vin trong khu vwe nghién ciru. Nguyén nhan cho
swr ¢6 mit ciia As véi ndong dd cao trong khu vure nghién ciru 1a do qua trinh khir hoa tan cic khoang chira As trong
moi truomg khir ciing sw ¢6 mit ciia vat chit hiru co.

Tir khéa: nwée dwéi dit, 6 nhiém asen, phan bo theo khong gian, tiy bic Ha Ngi.

Chi s6 phén logi: 1.5

Tay Bengal, An D6 1a ¢6 muc do nghiém trong nhat [4].
Khoang ndng d6 As trong nudc dudi dit & nhimg khu vic
bi anh huéng duoc bao cdo cho khu vyc nay bién doi trong
khoang rong tir <0,5 dén 3.200 pg/l. Trong do6, phia dong
nam Bangladesh 12 noi bi anh huong x4u nhat voi mot vai
huyén c6 hon 90% s6 giéng bi 6 nhiém [3]. Trong mot bao
céo dugc cong bd boi Chowdhury va cs (2000) [5] cho thay,
nuée dudi dat o Tay Bengal, An D6 va Bangladesh bi 6
nhiém As va dan s6 nam trong ving anh huéng cta hai khu
vuc nay tuong ung la 42,7 va 79,9 triéu nguoi. Trong d6 co
9/18 huyén ¢ Tay Bengal c6 ndng do As vuot qua 50 pg/l,
con & Bangladesh con s nay 1a 42/64 huyén [5].

Datvan aé

Nudc dudi dat bi 6 nhidm boi As van 14 vén dé méi truong
dugc quan tdm du da dugce nghién clru trong hon hai thap ky
gan day. As duoc biét dén nhu 1a mot chéat gay ung thu ndi
tiéng, 12 “vua clia cac chét doc”, viéc phoi nhiém va hép thu
As trong thoi gian dai (5-10 nim) thong qua thuc pham va
dic biét 1a nude udng c6 thé dan dén nhidm doc man tinh
va dan dén cac bénh nhu ung thu da, ndi tang (phdi, bang
quang, than) [1]. Do ddc tinh ctia As toi s1'Ic khée con nguoi
ké ca ¢ lidu luong thap, nén chit nay nam trong danh sach
cac nguyén t can kiém tra khi d4nh gia chat lugng nudc,
dic biét 1a nudc an udng. WHO da gidi han ndng do tiéu ) i )
chuan ciia As trong nu6c an ubng 1a 10 ug/l [2]. O Viét Nam, nghién ctru vé 6 nhiém As & ving thudc
bong bang song Hong lan dau tién dugc cong bo vao ndm
2001 boi Berg va cs [4]. Nghién ciru nay chi ra rang, cac
tang chira nudc & Pong bang séng Hong bi 6 nhidm boi As
v6i ndng d6 1én t6i hon 3.000 pg/l, trong d6 nude dudi dat
tang nong & Ha Noi c6 ndng do As trong khoang 240-320
g/l [4]. Mot loat cac nghién ctru vé As trong nude dudi dat

Hién trang 6 nhiém As trong nuéc dudi dit da duoc phat
hién va cong bd ¢ kha nhiéu noi trén thé gi¢i nhu Argentina,
Mexico, Chile, Hungary... Trong do, khu vuc Nam A va
Dbong Nam A bao gdm cac ving dong bang & Bangladesh
An Do (Tay Bengal) va Viét Nam 1a nhitng khu vuc dién

hinh cta van dé 6 nhiém As trong nudc dudi dat[1, 3, 4].

Trong s6 cac qudc gia phat hién thay 6 nhiém As trong
nudc dudi dat thi vung chau thd thudc Bangladesh va

“Tac gia lién hé: Email: vietph@vnu.edu.vn
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da duogc thuc hién ¢ Ha Noi va toan khu vuc Bf”)ng bang
song Hong [6-9]. Mot khao sat trén dién rong ddi véi toan
bd viing Pong bang song Hong dugc cong bd vao nam 2011
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Abstract:

Arsenic contamination in groundwater is commonly
found in alluvial plains of major river basins, in
which the Red river delta has also been reported to be
contaminated with high levels of arsenic. In this study,
groundwater from 50 household wells was collected to
study the spatial distribution of arsenic in northwestern
Hanoi. The results showed that arsenic concentration
in groundwater varied in a wide range of less than 5
to 334 ng/l, of which up 62% of the wells exceeded the
WHO guideline value of 10 pg/l for arsenic content in
drinking water. Arsenic groundwater in this area is
unevenly distributed throughout the area, high arsenic
concentrations are found in a narrow band between Red
river and Day river. This pattern of arsenic distribution
is strongly related to the sediment age, sedimentary
processes, and it is also modified by local groundwater
flow parts and the occurrence of hydraulic connection
between aquifers, which are observed in the study area.
Arsenic is released into the groundwater during the
reductive dissolution of arsenic-bearing minerals under
the presence of organic matter.

Keywords: arsenic  contamination, groundwater,
northwestern Hanoi, spatial distribution.
Classification number: 1.5
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boi Winkel va cs [8] cho thdy, khoang 27% sb giéng co
ndng do As vuot qua tiéu chuan cia WHO. Nghién ctru nay
con chi ra cac giéng c6 ndng do As cao tap trung chu yéu &
céc khu vue dong dan cu doc theo song Hong nhu Ha Noi,
Ha Nam, Nam Dinh, Hung Yén, Thai Binh [8]. Khong chi
ving Pong bing song Hong, nudc dudi dat tai ving Dong
bing song Mé Koéng ciing dugc bao cio bi 6 nhiém véi As.
Nghién ciru ctia Berg va cs (2007) [10] cho thay, trong 112
mau nude dudi dat ¢ 2 tinh An Giang va Pdng Thap cb
ndng do As trong khoang <1 dén 845 pg/l [10]. Tuy nhién,
mirc d6 6 nhiém & ving Pong bing song Hong 1a nghiém
trong hon.

Mic di van d& 6 nhiém As da dugc nghién ctru trong hon
2 thap ky qua, nhung van con nhiéu cau hoi chua duogc giai
dap. Cac gia thuyét da duoc dua ra vé nguyén nhén sy co
mit ctia As trong nudce dudi dat chua hoan toan phtt hop véi
tat ca cac tﬁng chtra nudc bi 6 nhiém As [6, 11]. Ngoai ra,
cac hoat dong do con nguoi gay ra (khai thac nude, cac hoat
dong ndng nghiép, cong nghiép, xay dung, do thi hoa...) cé
thé anh huong va gy ra nhimg tac dong nhat dinh dén sy c6
mit, giai phong va phan bd As trong nude dudi dat van chua
dugc nghién cuu ky.

Nghién ciru nay dugc thuc hién nham danh gia hién
trang 6 nhidm As trong nudc dudi dat ciing nhu sy phan bo
ctia As trong nudc dudi dat theo khong gian & khu vuc nho
thudc vung thuong luu Pong bang séng Hong & phia tay
bac cach trung tim Ha N¢i khoang 30 km. Pong thoi, gop
phan vao viéc tim hiéu nguyén nhan gy 6 nhiém As & khu
vue nay tir mdi lién quan giita As va cac thanh phan hoa hoc
khac trong nudc dudi dit.

Doi tugng va phucng phap nghién ciiu
Khu vwe nghién ciru

Khu vyc nghién cru nim & thugng ngudn ving Dong
bang song Hong, phia tdy bac Ha Noi, giira nai Ba Vi va bo
phai song Hong va mot phan thugng ngudn séng Day (hinh
1). Pay 1a khu vuc co dia hinh thp dan tir ty bac xubng
d6ng nam do tiép giap voi khu vuc ¢ nii cao & phia dong
bic va tdy bic, dong thoi tiép giap v6i khu vuc dia hinh
bang phing ¢ phia dong nam. Khu vuc nghién ctru ¢6 hé
thdng thiry dia hoa kha phirc tap voi sy xuét hién cta nhimg
dai trdm tich phu sa gia bi x6i mon nim xen k& gitta dai tram
tich tré bao phu boi cat va sét ling dong [12, 13]. Ngoai ra,
khu vuc nay c6 mat do dan sb khong qua cao so véi khu vuc
noi thanh, déng thoi it xdy ra cac hoat dong khai thac nudc
dudi dat cho tudi tiéu nong nghiép va sinh hoat. Do do,
nude dudi dat & khu vuc nay van con nguyén so, it bi anh
hudng boi cac hoat dong ctia con ngudi dan dén sy thay doi
cac diéu kién tu nhién cua nudc dudi dat va tang chira nudc.
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Hinh 1. Bia diém nghién ctru va vi tri cac giéng lay mau nwéc dwéi
dat.

Lay va bdo qudn mdu

Trong nghién ctru nay, tong cong 50 mau nude dudi dat
tir cac giéng nha dan c6 do sau 12-80 m dugc thu thap trong
thang 4/2014 trén mdt ving tam giac rong 350 km? thudc
thuong luu Dong bing song Hong & phia tiy bic Ha Noi
(gém cac huyén Ba Vi, Phtc Tho, Thach Théat, Pan Phuong,
Qudc Oai, Hoai Puc), véi mat d6 7 km?/mau.

Viéce 1ay va bao quan mau cho cic phan tich anion va
cation dugc thuc hién theo [14]. Can noi thém r'fmg, cac mau
cho phan tich anion va cation déu duoc dung trong 1o nhya
polypropylene (PP) da duogc lam sach trudc do ¢ phong thi
nghiém. Cac dién cuc dung trong xac dinh céc thong s6 hién
treong nhu nhiét d9, pH, d6 dan dién (EC) va néng do oxy
hoa tan (DO) (HQ40d, Hach va Mettler-Toledo) déu duoc
hi¢u chuan va kiém tra do chinh xac v6i cac dung dich dém
tuong tng trude khi thue hién 14y mau hang ngay. Cac mau
sau khi lay dugc giit lanh tryc tiép tai hién trudng va bao
quan trong tu lanh ¢ 4°C trong phong thi nghiém cho t6i khi
phan tich.

Phén tich méu

Céac miu nudce dudi dat sau khi dem vé duoc bao quan
trong ti lanh & phong thi nghiém va phén tich cac cation
nhu As, Fe, Mn bing AAS; cic anion nhu SO,*, NO,, CI
bang séc ky ion va cac ion NH,"va PO*> béng UV ngay sau
d6. Cac phuong phap va cong cu phan tich duogc su dung
trong nghién ctru nay da duwoc mé ta chi tiét trong cong bd
trude d6 [14]. Ngoai ra, cic mau kiém chimg gdém dung dich
da anion PIA (Shimadzu), cac mau kiém chimg ndi bo ARS
(chtmg nhan vé ndng dé cac ion tham chiéu dugc cung cap
boi Vién Khoa hoc Cong nghé nudc Thuy Si) luoén dugce do
kém trong qué trinh phan tich mau that v6i do thu hoi cua
cac thong so ndm trong khoang 90-110% va do léch chuan
twong d6i (RSD, %) cuia 3 1an do 1ap mau luén nho hon 5%.

Két qua va thao luan

N(‘A)‘ng do As tong trong nuge dudi dat ¢ khu vuc nghién
cuu nam trong khoang <5 dén 334 ng/l. Trong do, c6 tdi
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62% s6 gleng (31/50 giéng) c6 nong dd As vuot qué tiéu
chuan vé ndng do cho phép cua As trong nuge an uong theo
tiéu chuan cia WHO va By Y té 1a 10 pug/l. Néu xét theo
tiéu chuan ciia WHO va ca tiéu chuan ciia By Tai nguyén
va Moi truong vé chat luong nude dudi dat doi véi As la
50 pg/l thi van c6 t6i 42% s giéng (21/50 gleng) vuot qua
tiéu chuan nay [2, 15, 16]. Ngoai tiéu chuin vé As, nudc
dudi dat tai khu vuc nay con vugt qua tiéu chuén cho phép
Vé nong d6 Fe, Mn va ammonium ctia Bo Y té d6i véi nue
ubng. Cu thé, co t6i 74% (37/50 giéng), 44% (22/50 gleng)
va 48% (24/50 giéng) sd giéng vuot qua cac tiéu chuan nay.
Do d6, hau hét nuéc dudi dat tir cac giéng da duge thu thap
trong khu vuc nghién ctru la khong phu hop cho muc dich
an uéng.

Hinh 2. Sy phan bé As trong nwéc dwéi dat tai khu vwee nghién
ctru theo khong gian.

V& su phin bb As theo khong gian, tir hinh 2 ¢6 thé thay
As trong nude dudi dit ¢ khu vire nay phan bd chu yéu theo
mot dai hep ¢ ving giita song Hong va song Day, dic biét
giéng c6 ndng do As cao nhat dugc tim thay ¢ gan khic
quanh cua song Hong. Mic di mau nude nay duge thu thap
tir cac giéng khoan ¢ d6 siu trong khoang 12-80 m, nhung
cac két qua tim dugc khong cho thiy bt cr mot quy luat
nao trong mbi lién hé giira ndng do As va do sau.

Mot mo hinh tuong tu vé su phan bd As trong nudc dudi
dat theo khong gian ciing dwoc béo céo trong mot nghién
ctru cua Dao Viet Nga va cs (2017) [11]. Trong cong bd
nay, két qua nghién ctru vé sy phan bd As theo khong gian &
cac chum giéng thudc 4 diém khac nhau trong mot mat cit
clng ¢ phia tay bac Ha Noi cho thay, cang gan séng Hong
thi néng do As trong nudce dudi dat cang cao va ngugc lai
nhiing giéng xa séng Hong thuong c6 néng do As thép hon.
Cuing trong nghién ciru nay, két qua con cho thiy ¢ nhiing
d1em gén song thi ndng do As ting theo do sau, tirc 1a cang
xudng sdu thi ndng do As cang cao.
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Trong cong b6 ndm 2012 cta Postma va cs [17] va nim
2018 ctia So va cs [18], vé su phan bd theo khong gian ciia
As trong nude dudi dat doc theo 4 diém thudc mot mit cit
gan khu vure nghién ctru cho thay, tudi cia tram tich 12 yéu to
quyét dinh ndng do As trong nudc dudi dat. Cu thé, theo cac
nghién ctru nay, noi nao ¢é tram tich tudi cang tré thi nong
d6 As trong nude dudi dat ¢ noi do cang cao va ngugc lai.

As pg/l
@®o0-10
@ 10-50
O 50-100

Hinh 3. Sw xen ké cac dai tram tich cé tubi dia chat khac nhau va
méi twong quan v&i néng dd As trong nwéc dwéi dat (tham khao
va bd sung tir Dang Tran Trung va cs (2020) [13]).

Dua trén nghién ctru vé sy phat trién dia chit thuy vin
ving Ddng bang song Hong thi & khu vuc nghién ctru ¢6 sy
xen k& cuia nhitng dai trAm tich c6 d6 tudi khac nhau, do qua
trinh bdi tu va x6i mon phirc tap (hinh 3). Theo do, tram tich
o khu vuc nghién ctru dugc chia thanh 6 giai doan, trong
d6 tram tich thudc giai doan sém nhét (giai doan 1) c6 do
tudi khoang 5.900 nam; trim tich giai doan mudn nhét (giai
doan 6) trong qua trinh hinh thanh c6 d tudi it hon 1.000
nam; trAm tich thudc cac giai doan con lai ¢6 nién dai trong
khoang 3.500 nam [12, 13]. Tu céac dai tram tich voi nién
dai khac nhau nay va ndng do As trong cac miu da do dugc
& khu vyc nghién ctru c6 thé thiy mot két qua twong tu nhu
cong b cua Postma va cs (2012) [1 7], d6 la nhing gleng co
ndng do As cao thuong duge tim thiy ¢ noi c6 dai tram tich
tré (voi nién dai nho hon 1.000 nam), nguoc lai, cac giéng co
ndng do As thap thuong tap trung ¢ ving c6 dai tram tich gia.
Qua d6 c6 thé tai khang dinh rang, tu01 ctia trAm tich 12 mot
trong nhitng yéu t6 quan trong quyét dinh sy phéan bd, hay
n6i cach khac 1a quyét dinh ndng do As trong nude dudi dat.

Ngoai su xen k& cta cac dai tram tich c6 nién dai khac
nhau, khu vyc nghién ctru con xuat hién 2 h¢ thong dong
chay khac nhau, mot 1a tir nuée dudi dét taing nong ve phia
nudc mat va hudng con lai 1a tr nudc dudi dét tang sau di
vao song Hong. Ngoai ra, cic cira s6 dia chit thily vin ciing
xudt hién ¢ ving trung tim ciia khu vuc nghién ctru do sy
x61 mon tram tich Pleistocene. Su xuét hién cira s6 dia chét
thily van nay lam cho nudc dudi dit tang néng chay vé tang
chtra nuée sdu hon va sy thay déi hudéng dong chay cua
nude dudi dat ting nong nay thay ddi theo chu ky va luu
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lrgng nuéc mua hang nam [12]. Didu nay c6 thé gidi thich
tai sa0 ngoai cac giéng tuan theo quy luat ndng do As - nién
dai tram tich thi van con mot s6 ngoai 18, d6 1a mot s6 gleng
¢6 ndng dd As cao nhung tram tich xung quanh lai c¢6 nién
dai 16n (tram tich gid) va sy phan bd khong theo quy luat
cua As va d0 sau nhu da chi ra.

As 1a mot nguyén t6 thuong duoc tim thiy c6 mit ti
nhién trong 16p vo cua trai dét, dac biét nd thuong ton tai &
dang hop chit v6i ndng do kha 16n trong cac khoang chat
va céc loai tram tich [3]. O trang thai tu nhién, As 1a vo hai,
tuy nhién néu As giai phong ra nudc hodc di vao chudi thic
an thi no cé the gy anh huong dén stc khoe con nguoi.
Nguyén nhén vé su ¢ mit ctia As trong nude dudi dat duge
chap nhan rong rai nhat boi cic nha nghién ctru d6 1a As
duoc giai phong ra tir tram tich va di vao nude dudi dét [6].
Trong d6, co ché giai phong As thong qua qua trinh khir
hoa tan cac khodng chura As & diéu kién khir thuong dugc
bao cdo trong cac nghién ctru vé 6 nhim As trong nudc
dudi dit ¢ cac ving dong bang ngdp lut, nhu ¢ Viét Nam,
Bangladesh, Tay Bengal (An Do) va mot s6 noi khac [3].
Qua do co thé thay, diéu kién khir cua tang chira nudc la
mdt trong nhimng didu kién déng vai tro quan trong trong
qua trinh khoi dong viéc giai phong As tir trim tich ra nude
dudi dat. Sy c6 mat ctia vat chét hitu co thong qua qué trinh
bdi tu nhanh chéng va chén viii tram tich & luu vuc séng
16n véi cac khiic quanh rong kém theo tai luong tram tich
161, s& dan dén mot loat cac phan (mg 6xy hoa khtr phirc tap
xay ra, lam cho nuéc dudi dat cé tinh khir. Didu kién khu
cua nudc dudi dat _thuong duoc thé hién qua mot sé thong
s6 nhu ndng do thap cua 6xy hoa tan (DO), SO,*, NO,, Eh
kem theo d6 1a nong d cao cua Fe*', Mn*", ¢6 the co NH ’
H,S va CH,, cdc chi s6 nay duoc coi nhu chi thi cho m01
truong khu ctia tang chira nude [19].

Mac du trong nghién ctru nay ham lugng C hitu co hoa tan
chua duoc khao sat, nhung gié tri do dan (EC) con dugce coi la
mot chi thi gian tiép cho ham lugng vét chat hitu co trong trim
tich da dugc ghi do. Do ndng do cao cua vét chit hitu co s&
dan dén qua trinh phan huy va g1a1 phong CO, vao nude dudi
dat, CO, duogc sinh ra s¢ tham g1a vao qua trmh khtr hoa tan
cac khoang va do d6 1am ting gi tri EC [19]. Tir két qua do
duogc tai hién truong, gia tri EC cua cac giéng nghién ctru nam
trong khoang 43-1.573 uS/cm va nhimng giéng ¢ hai bén bd
song Hong va song Pay co gia tri EC cao hon so vdi cac gleng
con lai (hinh 4). Qua d6 cho thay, lugng vat chat hitu co & hai
bén bo song Hong va song Pay ¢6 vé cao hon so voi noi khac
trong khu vurc nghién ctru. Ngoai gia tri EC lién quan dén vat
chat hitu co thi cac chi thi khac, gdm ndng do thip cua DO,
NO,, SO , ndng do cao cua Fe, Mn, NH," cling dugc thoa
man o khu vuc nghién ctru [14]. Cu thé, DO bién dong trong
khodng 0,4-4,3 mg/l, SO,*<0,5 dén 74,6 mg/l, NO,<0,5 dén
132,9 mg/l, Fe<0,25 dén 32 2 mg/l Mn <0,1 den 4, 5 mg/l va
NH,<0,2 dén 59 mg/l. Dic biét, cac gleng 6 nong do cao 601
véi Fe va NH," cling tép trung chu yéu ¢ dai glua song Hong
va song Day (hinh 4). Qua do co thé thiy, As c6 mdi twong
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Hinh 4. Ban dd phéan bé As, Fe va NH,* trong nwéc dwéi dat & khu
vwe nghién clru (tham khao va bd sung tir Pham Hung Viét va cs [14]).

quan nghich v6i SO, va NO,” va mot phén nao d6 trong quan
thuan voi Fe va NH [14]. Tu cac chi thi cho théy, nuoe dudi
dat o khu vuc nghlen ctru 1 ¢6 tinh khir, két hop vdi mdi twong
quan thudn cua As va Fe, NH," va EC co thé khang dinh lai
rang, As trong nuge dudi dat o khu vuc nghién ctru dugc giai
phéng tir tram tich thong qua qua trinh khir hoa tan cac khoang
chtra As dudi su c6 mat cua vat chét hitu co. Co ché tuong tu
cling dugc bao céo trong nghién ctru cia Dao Viet Nga va cs
(2017) [11], Postma va cs (2012) [17] va Se va cs (2018) [18].

Keét luan

Nong do As tong trong nuéc dudi dét & khu vuc nghién
ctru bién ddi trong khoang <5 dén 334 pg/l, hau hét nude dudi
dat tir cac giéng nay khong phu hop cho muc dich in uéng do
¢6 ndng do As vuot qua tiéu chuan cia WHO. Nong do cao
cta As trong nuéc dudi dat phan bd chu yéu ¢ mot dai hep
gitra song Hong va P4y, noi ¢6 nhimng dai trém tich tré it hon
1.000 nam, véi nhirng dai trAm tich gia thi ndng do As cling
thép hon. Tuy nhién, van con sy xuat hién ciia mot 56  giéng
ngoai 18 véi ndng do As cao & noi co tram tich gia. Diu nay
1a do su di chuyén cua As tir noi c6 ndng do cao hon sang noi
thdp hon do dong chay ciia nudc dudi dit cung véi su xudt
hién cia cira s6 dia chat thiy van trong khu vyc nghién ciru.
Nguyén nhan cho sy xuat hién As véi ndng do cao trong nudc
dudi dat & khu vue nghién ctru 13 do qua trinh khir hoa tan cac
khoédng c6 chira As voi sy c6 mat cua vat chét hitu co.
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Mirc do 0 nhlem Blsphenol A trong nwoc mat

ciia hé thong séng ho thudc trung tam
thanh pho Ha Noi

Nguyén Thiy Ngoc"?', Truwong Thi Kim"2, Phan Thi Lan Anh? Phung Thj Vi
Trung tam Nghién ciru Cong nghé Méi trueong va Phat trién bén vimg (CETASD), Truong Pai hoc Khoa hoc T nhién, Pai hoc Quéc gia Ha Noi
2Phong Thi nghiém Trong diém Cong nghé phan tich phuc vy kiém dinh méi trieong va an toan thue pham (KLATEFOS),
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Noi

Ngay nhan bai 6/9/2021; ngay chuyén phan bién 10/9/2021; ngay nhan phan bién 7/10/2021; ngay chip nhan dang 13/10/2021
Tom tit:

Bisphenol A [4,4’- (propane-Z 2- dlyl)dlphenol BPA] 1a tién chat de tong hop nhlra cacbonat va epoxy dang duge st
dung rong rai tren thé gi¢i nho rng dung pho bién trong cudc song BPA dugc xep vao cac chit gay roi loan ndi tiét
va anh hwéng x4u t¢i sire khée con nguoi. Ngoai mot lwong nhé BPA ton luu trong cac loai nhya va chinh cac san
phim d6 sau khi sir dung, thai loai sé bi bé giy phén tir polymer 1am cho BPA c6 kha ning di vao méi trudng song.
DPé danh gia sy c6 mit ciia BPA trong mdi trueong nwéc mit tai Ha Noi, nhom nghién ciru da thu thap va phén tich
miu nwéc ciia mot s6 song hd tai trung tim thanh phd. Nong do trung binh ciia BPA trong 45 miu nuéc tai cic séng
hé 1a 76,8 ng/l, nim trong khoing 6,6-284 ng/l. BPA ghi nhin véi nong dd cao nhit ¢ xung quanh Nha may xir Iy
nwée thai Yén Sé (177 ng/l), tiép dén 12 ho Yén Sé (86,9 ng/l), cac song Té Lich, Nhué (~80 ng/l), Lir, Sét, Kim Nguu
(~60 ng/1) va thiap nhat tai ho Tay (20,1 ng/l). Nong d BPA dwoc ghi nhin thip hon nhiéu lan khi so sanh véi gia tri

khong giy anh huong (PNEC) téi sinh vt thiiy sinh theo quy dinh ciia Uy ban chau Au.

Tir khoa: Bisphenol A, Ha Noi, hd, nuée mat, song.

Chi 56 phén logi: 1.5
M dau

Nhua cacbonat va epoxy dang duoc st dung rong rai trén
thé gidi nhd tng dung trong nhiéu linh virc. Nhya cacbonat
la loai polymer bén nhiét, bén tac nhan moi truong va co
tinh chit co Iy cao nhu nhe, dan hdi, dé lép rap, dugc su
dung nhiéu trong cac dd dung sinh hoat nhu vo dién thoai,
may tinh, dia CD, dung cu thé thao, vat lidu cach dién cach
nhiét, chdng chay... [1]. Thém nita, nho c6 kha ning cho
anh sang truyén qua tot, nén nhya cacbonat dugc thay thé
kinh trong xay dung, 1am tdm lop iy sang, dd trang tri...
Nhuya epoxy duoc san xut trén quy mé cong nghiép tir nim
1947 véi tng dung quan trong la keo dan ky thuat va tao
mang son voi uu diém c6 kha ning bam dinh cao, d6 dai
chic, chiu mai mon, chiu dung méi hoa chat tot. BPA 1a tién
chét duogc su dung dé san xudt hai loai nhua phé bién néu
trén [1]. BPA ciing ting dugc st dung trong vat liéu lam
16p 16t cho hau hét cac thic dn va d6 udng dong hop (hop
stta cong thic dang 16ng danh cho tré so sinh). Lop 16t nay
¢ dic diém cung, nhe, bén, gilr cho cac hop thirc an va dd
uéng khoi bi 11 sét, kéo dai thoi han sir dung cua céac san
pham déng hop [2, 3].

BPA d3 duoc biét dén 1a chit c6 hai cho stc khoe con
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nguoi. Tu nam 2002, Hiép hoi an toan lwong thuce chau Au
(EFSA) da dua ra cac danh gia diu tién vé tic hai cia BPA
trén chudt [3]. Cac anh hudng stc khoe ciia BPA gay ra
nhiing thay d6i trong qua trinh phat trién hé than kinh, tién
liét tuyén & phdi thai, tré so sinh va tré con. Su tiép xuc véi
BPA ¢6 thé anh huong toi thay doi trong phat trién hanh
vi, chang han nhu ting dong; thém vao d6 nhiéu nghién
ctru cho thidy mdi lién hé giita BPA va bénh ting huyét ap,
tiéu duong tuyp 2 va bénh tim mach [4]. BPA dugc xép vao
nhiing chit giy rdi loan ndi tiét t& [4-6]. BPA dang dugc
thay thé boi cac hop chét kém doc hon va bi cAm cé trong
cac chai nhya, dung cu dung dd an, dd uéng va dac biét
khong dugc c6 trong chai dyng sita cia tré em [7].

Hai loai nhya cacbonat va epoxy dugc su dung rong rai
trong cudc séng nén mot lugng nho BPA s¢€ ton luu trong
céc loai nhya nay. Nguy hiém hon, chinh céc san pham do
sau khi sur dung, thai loai s€ bi bé gdy phan tir polymer, lam
cho BPA c6 kha ning di vao méi truong song, dic biét 1a
moi trudng nude va nude ngam [7]. Bé danh gia sy c6 mat
ctia BPA trong nudc mat tai Ha Noi, ching t6i da thu thap
va phan tich mau nudc cla cac song Nhug, To6 Lich, L, Sét,
Kim Nguu doan di qua trung tdm Ha Noi va cac ho Tay, Yén
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Abstract:

Bisphenol A (BPA) is a precursor chemical to produce
polycarbonate plastics and epoxy resins that have been
widely used in the world with many essential daily
applications. BPA is considered one of the endocrine-
disrupting chemicals in animals, which causes harmful
effects on health. Besides, BPA originates from resins
and consumer products after use has been released into
the environment. To assess the contamination level of
BPA in surface water, this study collected and analysed
water samples from rivers and lakes in the centre of
Hanoi. The average concentration of BPA in 45 surface
water samples was 76.8 ng/l (6.6-284 ng/l). The highest
concentration of BPA was found at the surrounding area
of the wastewater treatment plant in Yen So (177 ng/l),
followed by the Yen So lake (86.9 ng/l), To Lich and Nhue
rivers (~80 ng/l), Lu, Set, Kim Nguu rivers (~60 ng/l) and
the lowest level in West Lake (20.1 ng/l). The BPA levels
in surface water were much lower than the predicted no-
effect concentration (PNEC) which is used to assess the
environmental risk to protect the aquatic organism from
the European Union.
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Khoa hoc Tu nhién n—

S&. BPA trong mau nuéc dugc chiét pha ran st dung cot pha
dao va phan tich trén thiét bi LC-MSMS. Két qua phan tich
s& duoc sir dung dé danh gia mirc do anh huong cua BPA t6i
céc sinh vt thiy sinh ciia cac song, ho nay thong qua ndng
do du doan NPEC dbi véi BPA.

Vat liéu va phuong phap nghién ciu
Thu thip miu nwéc

18 mau nudc mat duge léy tai cac song Nhué (doan chay
qua trung tam Ha N¢i), T6 Lich, Lu, Sét va Kim Nguu;
9 mau nudc duoc léy tai hd Tay va 14 mau nuéc tai hd
Yén S¢; cung véi 4 mau nude duoge thu thap xung quanh
Nha may xir Iy nudc thai Yén S& trong ndm 2020. Cac mau
nuée duoc lay bang gau ldy mau & d6 sdu 0-30 cm. Méu
nude duge bao quan ¢ 4°C sau khi ldy mau va tai phong thi
nghiém. Céc diém ldy mau duoc thé hién ¢ hinh 1.
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Hinh 1. Vi tri ldy mau nwéc tai cac séng, hd trén dia ban thanh
phé Ha Néi.

Héa chit

Chat chuan BPA ciia hang TCI (Nhat Ban) dugc pha
trong dung moi metanol loai HPLC cua hang Merck (Pc).
Cac dung moéi etyl axetate, H,SO,, dung dich NH ,OH tiéu
chuan phan tich (pa) cua hang Merck (Buc). Cot chiét pha
ran Lichrolut PR-18 v&i 500 mg chat hip phu va thé tich
¢t 3 ml (Merck, Ptic). Mang lgc thuy tinh Whatman GF/F
0,45 um va mang nylon 0,2 um cua hang Vertical dugc str
dung dé loc mau trude khi xir Iy va trude khi bom mau vao
thiét bi phan tich.

Phdn tich

Mau nude duoc xir 1y theo quy trinh duwa trén coéng bd
cua Li va cs (2010) [8] c6 su diéu chinh, dugc tom tit nhu
sau: 500 ml nudce dugc loc qua mang loc thuy tinh Whatman
GF/F dé loai cac cin lo ling. Mau nuéc duoc chinh pH vé 3
bang dung dich H,SO, 4 M va thém 50 ml methanol, sau d6
cho qua c6t C18 da duoc hoat hoa (véi methanol va nudce)
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v6i toe do khoang 10 ml/phut. Cot chiét chira chat phan tich
tiép theo duoc lam kho bang bom hut chan khong. Chat
phan tich duoc rira giai bang 8 ml etyl axetat. Dung dich
rira giai dugc ¢6 vé 1 ml va loc qua mang loc nylon 0,2 um
trude khi BPA duoc phan tich trén thiét bi sic ky long vai 2
1an khéi phd, Nexeza LC- MS/MS 8040, Shimadzu. Thiét bi
sdc ky 1ong st dung cot pha dao C18 (2,1x150 mm, 2,7 pm)
ciia Hang Phenomenex ghép ndi vai cot bao vé C18 (2,1x20
mm, 5 pm) cua Agilent. Cac diéu kién van hanh thiét bi cu
thé nhu sau: nhiét d6 16 cot 40°C; pha dong metanol va nudc
Mili-Q chtra 1% dung dich dém NH,OH dugc chay theo
chuong trinh gradient dung moi; ché do ion hoéa phun dién
tor ion am ESI(- ) v6i toe d6 khi phun swong 3 I N ,/phut va
khi lam khé ¢ toc 6 15 1IN ,/phut; khi Ar dugc sir dung lam
khi ion hoa hoc (CE) phan manh ion me (m/z 226,95) thanh
cac ion thir cip duoc cung cAp tai ap suét 230 kPa. Thé va
manh pho cua ion thir cip ciia BPA duoc trinh bay ¢ bang 1.

Bang 1. Cac théng sé khéi phd phan tich BPA.

Ion me (precussor) Ion con (product ion) Thé Q1 Thé CE Thé Q3
(\4)

(m/z) (m/z) (\4) (\4)

226,95 211,95% 16,0 17,0 19,0
226,95 132,90 16,0 25,0 21,0
226,95 210,95 15,0 29,0 19,0

*: manh ion dinh lwong.

Puong chuan BPA dugc lap trong khoang nong d6 1-200
ng/ml, v6i 7 diém c6 hé sd tuyén tinh ciua duong chuan
R2>0,995. Phan tich mau tréng va thu hdi luén duge thue
hién cung mot mé mau. Gidi han dinh lugng cuia BPA trén
nén mau nudc song 1a 4 ng/l. S liéu nong do BPA cua cac
song ho Ha Noi duoc phan tich bang phan mém théng ké
SPSS Statistic, IBM.

Két qua va thao luan
Néng dp BPA trong nwéc hé Tay va Yén S¢

Nong d6 trung binh BPA trong nude hd Tay tim thdy 1a
20,1+10,6 ng/l (khoang nong do6 6,6-38,2 ng/l) con gia tri
trung binh trong nudc hd Yén S¢ cao hon 4 1an 13 86,9+61,2
ng/l (32,8-272 ng/l) (bang 2). Két qua nay cho thay, hd Yén
S& ¢ tiém niang 6 nhidém cac chat hiru co nhu BPA cao
hon h6 T4y do hd ndy nam & phia nam thanh phd, noi cubi
ngudn cua cac song thoat nude trong ndéi d6 Ha Noi (T
Lich, L, Sét va Kim Nguu). Nudc cua cac song nay mang
theo nuwdc mua, nudc thai sinh hoat chua xtr y, mot phan sé
dugc dan vao Nha may xir Iy nude thai Yén S va mot phan
s& duogc dan truc tiép vao hd Yén S&. Thém vao dé, nudce
thai sau xur Iy cua Nha may xu ly nude thai Yén So s€ chay
vao ho. Nude da xur ly ctia Nha may dugc thu thap tai mdt
s6 diém xung quanh nha méay da phat hién thdy BPA cao hon
(trung binh 177 ng/l) gip 2 14n so v&i BPA trong nudc hd
Yén So. Nhu vay, nudc da xu ly cua Nha may xu Iy nude
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thai sinh hoat 12 nguon chira chat 6 nhiém BPA c6 thé xuat
phat tir nudce thai dau vao hodc phat sinh chinh trong qua
trinh xtr 1y.

Bang 2. Két qua ndng do BPA (ng/l) tim thay trong cac mau nwéc
hé.

. Sé mau Trung Dléch Gidtri Giatri
DPia diém () binh chuin 16n nhit nhé nhit
(mg) (g (gl (ag)
Hb Tay 9 20,1 10,6 38,2 6,6
Ho Yén So 14 86,9 61,2 272 32,8
St gl IR oty 177 739 284 124

xu ly nudc thai Yén S&

Nong d6 BPA trong nudc tai hd Yén So va xung quanh
hd gan turong dong voi ndng do BPA trung binh 157,07 ng/l
trong hd Thai Hd, Trung Qudc [9]. BPA trong hd Tay cia
Viét Nam tuong duong voi ndng dd PBA trong hd Tay, Vil
Han, Trung Qudc [10] nong d6 BPA trong khoang khong
phét hién dén 37,1 ng/l.

Nong d¢ BPA trong nwéc tai mét sé séng chdy trong
thanh pho Ha Ngi

BPA trong nudc mit cia mot sd song trong ndi d6 Ha
Noi dao dong trong khoang 40,9-122 ng/l. Nong do BPA
trong nude song Lir, Sét va Kim Nguu kha trong dong nhau
(60-70 ng/1). Nong d6 BPA cao hon & khoang nong do 80
ng/l tai song Nhué¢ va To6 Lich, hai con séng nay rong hon
nén kha ning chtra nude thai d6 thi s& nhiéu hon va nhiéu
nguén thai d6 vao hon. BPA tai nudc mat song Lur, Sét, Kim
Nguu va Té lich khong ¢ sy dao dong tai cac diém ldy
mau. Su dao dong néng d6 BPA nhan théy kha 13 ¢ diém
dau (40,9 ng/l) va cudi ngudn (122 ng/l) ciia song Nhugé. Két
qué phan tich phuong sai (ANOVA) cho thay, ndng d6 BPA
trong nudc tai cac con song trong ndi do kha twong dong
(p>0,05) (bang 3).

Bang 3. Két qua ndng do BPA (ng/l) tim thay trong cac mau nwéc
sbéng.

o S6miu Trungbinh DJ léch chuén  Gid trilén  Gid tri nhé
Dia diém ] : :

(n) (ng/l) (ng/l) nhit (ng/l) nhét (ng/l)
Song Nhug 6 80,0 316 122 409
SongToLich 5 81,3 79 89,3 69,8
Song Lir 3 643 35 69,3 58,5
Song Sét 3 68,8 55 724 654
Song Kim Nguu 1 67,5

Nghién cttu cia Le Thi Minh Tam va cs (2016) [11] vé
du luong mat ) hop chét gay r6i loan ndi tiét trong nudc
mit tai song Pong Nai va Sai Gon da ghi nhan nong do BPA
trong kénh rach tai trung tdm thanh phd 1a 24,8-66,8 ng/l.
Mot sb séng nhu Sinos, Brazil c6 nong do BPA tir khong
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phat hién téi 517 ng/l; 3 song & mién nam An Do c6 BPA
trong khoang 2,8-136 ng/l; song & Trung Qubc c6 BPA
27,95-565,40 ng/l [5]. Dé so sanh ndng d6 BPA trong nudc
song cua ndi d6 Ha Noi voi cac con song tai cac thanh phd
trén thé gidi can co thém dir liéu Ve cac ngudn nudc cung
cép cho song ciing nhu dic diém vé luu luong, dong chay...

So sanh no;ng do BPA trong nwdc mdt tai song va hé
Ha Nji

BPA duoc tim théy tai tAt ca cac mau nude cua hé théng
song hd Ha Noi da thu thap va phan tich, cac s6 liéu chi tiét
dugc biéu dién trong hinh 2. Trong két qua nay, nong do
BPA trong nu6c hd Tay 1a thdp nhat. HS Tay co dién tich
5,3 km?, nam & phia tay bic ctia Ha Noi, chira luong nudce
khéng 16 ¢6 nhiém vu diéu hoa khong khi ctia thanh phd. Ha
Nbi v6i hé théng song ndi d6 gan 70 km, bao gdm cic song
Nhug¢, T6 Lich, Lur, Sét va Kim Nguu cé nhiém vu thoat
nude cho thanh phd. Lugng nudec mua va nude thai d6 thi
dang cung chay trén cac con song nay. Hién nay, Ha Noi c6
7 nha méay xir Iy nudc thai nhung chi giai quyét duoc 22%
nudce thai do thi, con 78% luong nudce thai dang dd truc tiép
ra moi truong. BPA da duoc tim thiy kha phd bién va chiém
thanh phan ndi troi trong nhom cac chat déo hoa co trong
nude thai d6 thi cta nhiéu nghién ciru trén thé gidi [4, 12,
13]. Tai nhitng con séng chay trong nodi do Ha Noi, vé co
ban nng do trung binh ciia BPA 1a tuong duong nhau (phan
tich phuong sai vé sy tuong dong nhan duoc - p>0,05), chimg
t6 ngudn nudc thai sinh hoat la ngudn 6 nhidm chinh. Piém
dang ghi nhan & day 1a nong o BPA tai ho Yén S va xung
quanh Nha may xur Iy nude Yén S¢ cao hon trong nudc mat
ctia ho T4y va cac song thoat nude. Nha may xir Iy nude
thai Yén S& duong nhu khong c6 kha ning xur Iy chat gy
roi loan noi tiét to nay va con la noi tich ty, phat tin BPA.
Mot sé nghién ctru dd cho thdy kha ning xtr Iy hop chit
BPA 1a tuy thudc vao cong nghé xu Iy nudc thai [4], BPA
dugc loai bo phan 16n do phan huy sinh hoc [12] trong moi
truong hiéu khi [4]. Dé hiéu rd hon kha niang xur Iy BPA tai
nha méy xir Iy nudc thai d6 thi Yén So can c6 nhing nghién
ctru tiép theo.

300

250

Nong do BPA trong nudc (ng/I)

Ho6 Tay HO Yén Quanh
So NMXL Nhué Lich Kim

Song Song T6 Song Lir Song Sét Song

nude YS Nguu

Hinh 2. Néng d6 BPA trong nwéc mét séng hé Ha Noi. NMXL: Nha
may xt ly; YS: Yén Sé.
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Dadnh gia mirc dp nguy hai doi véi hé sinh thai nuwéc

Viéc danh gia mirc d6 nguy hai ciia mot chat téi hé sinh
thai moi trudng nudc duge xem xét trén co sd chat do phat
thai vao moi truong nudce cd nam trong giGi han an toan
v6i hé sinh thai hay khong. Thong thuong, mic d6 nguy
hai nay 1a ty s6 khi so sanh nong do thuc té ciia chat quan
tam (MEC) voi nf”)ng d0 PNEC duoc du doan trude caa no.
Déi véi BPA, nam 2008, Uy ban chau Au da dua ra gia tri
PNEC 1a 1.500 ng/l dé bao vé cac sinh vat trong moi truong
nudce [5]; BO Moi truong Nhat Ban dua ra PNEC 1a 11 pg/l
[14] va nhiéu tai liéu dua ra cac gia tri cho ting loai cy thé
nhu 6¢ sén, lodi giap xac hay au trung... [5]. Ty sé MEC/
PNEC duogc goi la thuong sé rui ro (RQ). Néu RQ<O0,1:
mdi nguy hai thip, nghia 1a c6 thé chip nhén; 0,1<RQ<I:
mdi nguy hai trung binh, can nhimg diéu tra thém; RQ>1:
mdi nguy hai cao, cdn ¢6 nhitng dénh gia chi tiét. Dya trén
gia tri PNEC cua chiu Au, két qua BPA trong nudc mit
thudc hé thong song ho Ha Noi cho gi tri RQ trung binh 1a
0,050<0,1, twong tng voi BPA hién tai co mbi nguy hai thép
dbi v6i sinh vat trong nudc mit ciia song ho. Tuy nhién, c6
1/14 mau tai khu viuc hd Yén S& va 2/4 mau xung quanh
Nha may xtr ly nude thai Yén So co gia tri RQ>0,1 (0,112-
0,189), nhung khong c6 mau nao cé gia tri RQ>1. Chiéu
theo chi dan tiéu chuin méi trudng ctia Canada [15] cho
nude mit (ndng do BPA 1a 3.500 ng/l) thi ndong do6 BPA
trong nudc mit cia hé thdng thoat nuéc song hd Ha Noi
thap hon nhiéu. Tuy nhién, day chi 1a d4nh gia cho mot hop
chat don 1é, trén thuc t& con phai tinh dén ca nhom chét
Bisphenol véi dic tinh twong tyr BPA ¢6 ton tai trong moi
truong nudce.

Két luan

BPA dugc tim thy trong tit ca cac mau nudc duge thu
thap tai cac song, hd thudc hé théng thoat nudc trong thanh
phé Ha Noi, noi tiép nhan nudc mua, nudce thai d6 thi cua
thanh phé da dugc xu ly va chua dugc xu ly. BPA dugc
tim thdy cao nhat tai ngudn thai tir Nha may xir 1y nuéc
Yén So, tiép dén 1a hd Yén S6 noi tiép nhan ngudn nude
sau khi xur Iy cia nha may. Cac con song trong ndi dé nhu
T6 Lich, Nhug, Lir, Sét, Kim Nguu ¢6 ndng do BPA trong
nuéc mat kha twong dong nhau. BPA duoc phat hién thay
thap nhét tai ho TAy ciia Ha Noi. Ngudn phat thai chinh BPA
vao nudc cua cac song, hd Ha Nai 1a do nude thai do thi,
gém nudc thai sinh hoat va san xuat ciia thanh phd. Nong
d6 BPA trong tit ca cac mau nudc thap hon nhiéu lan gia
tri PNEC t6i sinh vat thay sinh cta cac nuéc chau Au. Tuy
nhién, can ¢ nhitng nghién ctru md rong hon cho nhiéu doi
tugng chit thuéc nhom Bisphenol trong mdi trudng nude
mat ctia Ha Noi.
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Phit trién ph?l‘n meém tinh nong 9 trong h¢ dém hd trg chuan bi dung dich
dién ly nén trong phan tich bing phwong phap dién di mao quan
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Tom tit:

Ciac hé dém pH v6i hai hop phan axit - bazo hitu co yéu déng vai trd quan trong trong phan tich biang phwong phap
dién di mao quan (CE), dic biét khi sir dung detector do dd din khéng tiép xiic (C*D). Viéc chuin bi cac hé dém véi
mot hop phan da biét nong dd dé sir dung nhw nhirng dung dich dién ly nén (BGE) trong CE-C*D thuwong yéu ciu
qua trinh diéu chinh pH téi gia tri mong mudn va thao tac nay thwong can tinh toan gin ding dé wéc hrong nong
dd hop phén thi hai. Nghién ctru nay phat trién mét phin mém cho phép xac dinh ndng d ciia mot hop phan khi
biét nong dd ciia mot hop phin con lai va pH ciia dung dich, trong d6 c6 tinh téi anh hwong ciia hre ion. Phin mém
dwoc xay dung bimg ngon ngir C# voi giao dién Windows Form trén cong cu Microsoft Visual Studio. Vi nong do
tinh tir phan mem da phat trién, s sai khac (ApH)|) giira gia tri pH cua cac BGE thu dwg'c trong thye té so voi gia

tri pH mong mudn déu nhé hon 0,07, twong ng voi sai s6 dudi 2%.

Tir khéa: dung dich dién ly nén, dém, nong do, pH, phan mém.

Chi s6 phén logi: 2.4

Hé dém pH 1a mot dung dich c6 pH chi thay doi rat it khi
pha loang hoac thém vao dung dich mét luong nho axit hay
bazo khac [1]. Cac hé dém thudng duge chudn bi tir hdn hop
ctia mot axit yéu (chat cho proton) va bazo lién hop ciia n6
(chéit nhén proton) hoac nguoc lai. Khi thém mot lugng nhd
axit khac (manh hoac yéu) vao mot h¢ dém, axit nay sé phan
g véi hop phan bazo trong dung dich dém. Twong tu, khi
mot bazo khac dugc thém vao, né sé phan tng véi hop phan
axit clia hé¢ dém. Tai thoi diém ban dau khi thém axit hodc
bazo, thanh phan ctia hé dém c6 thé thay d6i, tuy nhién, can
bang hoa hoc sau d6 sé& bi dich chuyén theo nguyen ly cua
Le Chataelier, do d6, khong c6 sy thay doi dang ké nao vé
gia tri pH do duogc cua dung dich [2].

Tam quan trong cua cac hé¢ dém pH duoc nhan manh
trong pham vi ctia hod hoc phan tich ndi chung va trong CE
n6i riéng khi hau hét cac BGE trong CE déu duoc chuan bi
dudi dang mot dung dich dém hai hop phan. Thanh phan,
néng d6 va pH cta BGE c6 anh huong manh toi su tich
chat trong phuong phap CE, dic biét 1a khi sir dung két hop
v6i C*D. Thanh phin va ndng d cua BGE anh huéng toi
tin hi¢u phan tich vé ca do 16n va thoi gian xuét hién khi tin
hiéu thu dugc tir C*D 1a su chénh léch gilta d6 dan dién cua
nén va chit phan tich, con thoi gian di chuyén phu thudc
vao do nhét ciia dung dich [3]. Di véi cac chat phan tich,
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TAP CHI

HOA HOC

NGNGHE |e Nam 63(11DB) 11.2021

la nhfrng axit hay bazo yéu, gia tri pH ctia BGE quyét dinh
dang t6n tai cua chét phan tich trong dung dich. Bén canh
do, didu kién pH ciing 12 yéu t6 tac dong truc tiép dén dong
dién di thdm thau (EOF) [4]. Do vay, viéc chon lya mot
BGE v6i nong d6 va pH thich hop luén 1a budc dau tién
can khao sat khi phat trién mét quy trinh phan tich méi theo
CE-C*D.

Qua trinh chuan bi BGE trong phén tich bang CE-C*D
thuong dugc bét dau véi viée lua chon khoang pH thich hgp
cho céc dbi tuong phan tich, tir &6 quyét dinh thanh phan
BGE phu hop véi khoang pH nay. Cac axit - bazo hitu co
theo danh sach ciia Good (Good’s buffer [5]) thuong duoc
str dung trong CE-C*D. Nong d6 ciia mot hop phan trong
BGE thuong dugc ¢ dinh, trong khi hgp phan thi hai dugc
thay doi ndng do bang cach thém tir tir timg luong nho cia
mot dung dich hop phan thir hai ndng d6 cao cho dén khi
dat dugc pH mong muén. Khi d6 viée udc luong néng do
hop phan thir hai rat quan trong, gilp tiét kiém thoi gian va
hoa chét.

Viéc tinh toan ndng d¢ ctia hop phén thir hai trong BGE
khi d3 biét ndng d6 ctia hop phan thir nhat va pH cua dung
dich thuong dugc thuc hi¢én mot cach thu cong bé‘lng tay.
Diéu nay c6 nhimng han ché rd rang nhu ton nhiéu thoi gian,
d& mic sai s6. Nhitng nhuoc diém nay c6 thé khic phuc mot
phan bang cach xay dung va sir dung cac Excel sheet. Tuy
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Abstract:

pH buffers of weak organic acids and bases are essential
in capillary electrophoresis (CE) analyses, primarily
when contactless conductivity detectors (C‘D) are used.
However, the preparation of a buffer with a known
concentration of one component for use as a background
electrolyte (BGE) in CE-C‘D usually requires a pH
adjustment to the desired value and an approximate
calculation to estimate the concentration of the second
component. This study developed software that allowed
determining the concentration of one component when
knowing the concentration of another component and
the pH of the solution, taking into account the influence
of ionic strength. The software was built in C# language
with Windows Form interface on Microsoft Visual
Studio. With the concentrations calculated from the
developed software, the differences ((ApH|) between pH
values of the obtained BGEs in practice and the desired
values were smaller than 0.07, corresponding to the
errors of less than 2%.

Keywords: background electrolyte, buffer, concentration,
pH, software.
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nhién, cach lam nay ciling thiéu thuén tién, dic biét 1a khi ap
dung v6i nhiéu hé BGE c6 thanh phan khic nhau. Bén canh
d6, mac du pH cua cac dung dich dém no6i chung va cia mot
BGE noi riéng thuong phu thudc vao lyc ion, anh hudng cta
yéu t nay thuong bi bo qua khi chuén bj cac dung dich dém
do su phtc tap trong tinh toan.

bé giai quyét nhiing han ché néu trén, viéc st dung mot
phan mém véi chirc ning tinh toan ndng d6 cua mot hop
phan trong BGE khi di biét nong do hop phan con lai va pH
ctia dung dich (c6 ké dén anh hudng cta lyc ion) 14 rat can
thiét. Mot trong nhitng phan mém duoc st dung kha pho
bién trong CE 1a PeakMaster. Bén canh tinh ning chinh 13
du doan tin hiéu phan tich, phdn mém nay ciing cho phép
tinh toan pH khi biét ndng d6 cac hop phan trong BGE [6]
va co thé st dung dé hd trg viéc chuan bi BGE [7]. Tuy
nhién, dé thyc hién viéc nay van can udc lugng (bang tay
hodc Excel sheet) dé co mot ndng do ban dau hop 1y.

Nhu céu tinh toan nong dé BGE trong khi chwa c6 mot
phan mém dap tng dwoc da dit ra yéu cau xdy dung thuat
toan va phat trién phén mém hd trg viée chuan bi BGE trong
phan tich CE-C*D. Pay ciing 1a myc tiéu cua nghién ciru nay.

Ca s 1y thuyét va thuc nghiém

Co s6 Iy thuyét

Xét mot hé BGE gom hai hop phan Al va A2 véi dang
axit cao nhét 1a H, A1<‘11> va H,, A2(qz) v6i m,, m, la )
H axit toi da va q, q2 la di¢n tlch (dé don gian, khong gh1

dAu ctia cac dién tich nay). Dang ban dau (duoc sir dung dé
chuén bi BGE) ctia hai hop phan lan luot 1a H,,_, A1““™

va H, , A2"*™) Cac gia trj hing s6 phan ly axit cua hai

A \ 2
thanh phan lan luot la K] K;Z, K;s, K1 va Kazl R K:Z s Ka
Ko

Phuong trinh can bang proton (diéu kién proton - DKP)
R A A (a=m) (42-m) 5 .
voi mic khong gom H,, |, AT"™, H A2 va HO:
W QM ALY, A (00 Y A, A YW, A2
i=l jl o kel =l o
Bién d6i phuong trinh DKP va tinh ndng do ctia hop
phan thir hai:
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Nhu vay, khi d biét pH va nong do ciia mot hop phan,
ndng do cua hop phan thir hai c6 thé dé dang tinh dugc,
trong d6 cac h¢ ) phan ) néng dd (o) dugc xac dinh theo
biéu thuc:

m1 ‘ [H _Al(qri)] [H+]m]7iXHKék
Co=) M, A"M=e = = @)

: H, AT T o
[H, A" g[[quvfong]
0 i=0 k=0

/
+90y-] 1
m H ‘AZ(W] [ /XHKCk
(97)) M k=0
CA2 :Z[Hmz—jAz v ]jaHWJAE(/H’/J = my = ™ j (3)
B '

=l

Y, A YK

j=0 j= k=0

véi K, 1a céc hang s phan ly nac thit & va K(lj():KéO:l.

Boi vi cac thong tin vé gid tri hang s6 phan ly cua cac
chat dugc cho dudi dang K, viéc chuyén doi gita K, va K.
la can thiét va co the thyc hién theo cac phuong trinh:

HmriJrlAl(qriH)

K., =K, x 4)

H" meriAl(ql_i)

H"127j+1A1(q2 —Jj+)

)

\ 2 2
vi K2 =K. x "
H+ Hmz—jAl(qz_j)

Gia tri ctia cac hé sb hoat do phu thudc vao do lon cia
luc ion (/) va ¢ thé dugc tinh theo phwong trinh Debye-
Huckel khi lyc ion nho hon 0,01 hoac tinh theo phuong
trinh Debye-Huckel mo rong (phuong trinh David) khi hoat
d6 16n hon 0,01:

log £ =-0,5z>\/1 véi 10,1 ©6)

JI
1+~/1

‘ Luc ion phu thudc vao néng dd va dién tich cta cac dang
ton tai trong dung dich:

hoic log f = —0,522( -0, 21} v6ir>0,1  (7)

1 m . y i . y
1= =iV, A Y ) TH, A2
j=0

i=0
Hod chit, thiét bi

Céc loai hoa chat duoc st dung dé chuan bi cac dung dich
BGE va déu thudc loai hoa chét phan tich tinh khiét, bao gom:
histidin (His) >99,5%, axit 2-morpholinoethanesulfonic
(MES) >99% (Sigma-Aldrich, Puc), axit axetic (Ace)
100% (Merk, Btrc).
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Thiét bi str dung bao gdm: may do pH (HACH, M¥), can
phan tich 4 s6 (Shimadzu, Nhat Ban) va mdy tao nudc deion
Simpicity UV (Milipore, Phap).

Thiét ké phan mém

Phan mém dugc phat trién vé6i giao dién Windows Form
dua trén ngén nglt C#, stt dung cong cu Microsoft Visual
Studio phién ban Community 2019 (Microsoft, My). Bén
canh chirc nang tinh ndng do, phan mém con can c6 chirc
nang hién thi cac thong tin vé cac chat thuong duoc st dung
dé chuédn bi BGE trong CE. Bang thong tin va thiét ké giao
dién du kién cua phz‘in mém dugce thé hién & bang 1 va hinh 1.
Bang 1. Cac thong tin dw kién do ngw®i diing va phan mém cung
cap.

Phin mém tinh nong do BGE

Nguwoi ding cung cip

Str dung Textbox dé truy xuét duong
dan t6i file .csv chira cac thong tin cua
cac chat

Co s¢ dit liéu chira thong tin ctia
cac chat

Str dung Textbox dé nhap dir liu (ky
hiéu viet tat cua hai chat nhu trong
bang thong tin DataGridView)

Hai thanh phin trong BGE

pH cua dung dich, néng do cua
hop phan tht hai, thé tich dinh
murc

Str dung céac Textbox dé nhap dir liéu

Phin mém cung cd'p

Str dung DataGridView dé lay va hién
thi dit liéu tur file .csv

Thoéng tin (pK,, dang ton tai...)
cua céac chat

Népg do cla hop. phin thtr hai,
khoi lugng va thé tich cua hai
thanh phan

Tinh toan bf?mg bé}'n Button va su dung
cac Textbox dé hién thi

Cic thong sb cua céc hop chét hitu co thuong duge sir dung dé chuin bi BGE trong CE-C'D

Puong din t6i file .csv

Tén + ky hiéu
- Khéi Iugng mol
- Ty khéi
- Cacpk,

Thanh phan 1

Thanh phén 2
Nong do 1

Nong do 2

o Thanh phan 2

Thé tich 2

TINH TOAN

Hinh 1. Thiét ké giao dién dw kién ctia phan mém tinh néng dé
BGE.

Xay dung thudt todan

Thuét toan duge thé hién & hinh 2 gém cac budc: 1) Gia
thuyét luc ion bang 0; ii) Tinh cac hé s hoat d6 f, hang sd
phan ly nong do K ph@n s6 nong do o theo cac phuong
trinh (2)-(7); iii) Tinh nong dd hgp phan 2 to DKP theo
phuong trinh (1); iv) Tinh lai lyc ion theo phuong trinh (8);
v) So sanh 2 gia tri ndng d6 hop phan 2 lién tiép, néu su sai
khac nho hon 1% thi toi bude vi), néu khong, quay lai bude
ii); vi) Hién thi cac két qua tinh toan.
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NHAP DU LIEU
Nong d¢ hop phan 1, pH, cac thong so ve pK,

GAN DUNG
Gia thuyet luc ion bang 0

[
v

GIAI CAC PHUONG TRINH
Tinh cac hé sb hoat d6 /; hing sé phan ly ndng do K,
phan sé ndng d6 a, ndng d6 hop phén 2,
xac dinh lai lyc ion

Pung

HIEN THI DU’ LIEU
Nong d¢ hop phan 2

Hinh 2. So d6 khéi thuat toan ctia phan mém tinh néng doé BGE.

Két qua va thao luan
Két qud thiét ké phén mém

Giao dién cua ph'?ln mém duoc thiét ké va minh hoa &
hinh 2, bao gdm 3 khu vuc chinh. Khu vyc 1 (co so dit liéu)
cung cip cac thong tin vé& cac chét thuong duoc sir dung
dé chuan bi dung dich BGE trong phén tich CE-C*D. Cac
thong tin nay dugc lay tir mot file .csv ma ngudi dung da
khdi tao trude va hién thi dudi dang mot DataGridView.
Phan mém truy cap t6i file .csv nay khi nguoi dung click
chuot vao button “M& CSDL” va chi téi duong dan cua file
(vi dy, C:\Use\TOLUEN\Documents\Buffer Info.csv nhu
trong hinh 3). File nay chira cac thong tin can thiét cho viéc
tinh toan ndéng do, gdbm: tén (name) va ky hiéu (abb.) cta
chat, khéi luong mol (M, g/mol), khdi lugng riéng (d, g/ml),
s6 H axit t6i da (maxH), dién tich t6i da (maxCharge), s6 H
trong dang ban dau (initialH), cc gia tri pK_. C4c dit ligu vé
khéi lugng mol, khéi lwong riéng va céc gia tri pK duoc lay
theo [8, 9]. Viéc bd sung cac chit mai, cap nhat, sua ddi cac
thong sb cua céac chat hoan toan c6 thé duge thuc hién mot
céch dé dang boi nguoi ding, tuy nhién, thir ty cac thong sd
can duoc giit ¢6 dinh theo trat tu nhu ¢ hinh 3. Ngoai ra, vi
cdc axit - bazo thong thuong dugc str dung lam BGE trong
CE-C*D ¢6 khong qua 4 nic phan ly, cac pK, dugc cung cap
gdm pK_-pK ,. Viéc gid dinh céc chét déu co 4 gia tri pK,
nay ciling dé don gian hon trong viéc tinh toan phia sau.

Khu vuc 2 trén phan mém (thong tin vé BGE) thé hién
céc thong tin ma ngudi ding cung cip, bao gdm hai chat
dugc sir dung trong BGE (nhap vao dudi dang ky hiéu viét
tat nhu trong DataGridView), pH cua dung dich, thé tich ciia
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dung dich (ml) va néng d¢ ciia hop phan thtt nhét (C,, mM).
Mot button “luu” cling dugc cung cap dé ghi nhd cac thong
tin nay, dong thoi dua cac thong tin nay vao cac bién dé thuc
hién viéc tinh toan phia sau.

Khu vuye 3 trén phan mém (két qua tinh toan) hién thi cac
thong tin ma ngudi dung cin, bao gdm: ndng do cua hop
phan thir hai (C,, mM), khéi luong ctia hop phan thir nhat
(m,, g) va hop phan thir hai (m,, g), thé tich cua hop phan
thl:l: nhat (¥, ul) va tht hai (V, ’ul). Luu y rang, df)iqvc'yi cac
chat duoc st dung dudi dang ran, viéc tinh toan thé tich 1a
khong can thiét va khdi luong riéng cia cac chat ran trong
file co s¢ dir liéu duoc quy udce bé‘mg 0, khi d6, thé tich tinh
ra duoc hién thi v6i biéu tuong oo. Cac két qua trong khu
vuce 3 nay s& dugc phin mém cung cip khi nguoi dung click
chudt vao button “tinh toan”.

Phiin mém tinh todn ndng do BGE

Ca 58 dil igu

MSCSDL | [C:\Users\TOLUEN\Documents \Bufer nfo.cav ]

D Name b,

T T

| Acetic acid Ace

M (g/mol) dig/l) maxH
|185.16 0 |
|e00s
|2 0
|207.29 0
|19s.23 0
|209.26 [o
o
1

2

3 Neyclohexyl-3-3
4 | 24eyclohexylamin.
5 2{Nmorpholiole...| MES
e 3morphoinoprop... |MOPS
7 | THerydroxmeth... | Tra |12114
8

| Fomic acid for |4603

Sleeeme =oo o ea~
RRE === == === =5

3
F
g
5
"
1
1
2 il
3
=
3
2
2

9 Argnine Arg (174201 0
|10 | Lactc acid Lac |s008 1206 38
n | ctrc acid o |19212 | 1865 |31
12 | Oxalic acid Oxa :500] 19 12
13 | Succinic acid Suc 118.09 1572 4z,
< >
Théng tin vé BGE Két qua tinh todn
pH 1 cem 2] TINH TOAN
e v ]
& ti 100 ‘
Thetichml) [100 | Ly e 4425 vy [ ]

Hinh 3. Giao dién cia phan mém tinh ndng dé BGE.
Két qua xdy dung thudt todn

Céc thong s6 vé cac chat dugc sir dung (cac hang s6) bao
g@)m: max H, maxCharge, initialH, cac gia tri pKa dugc luu
trong mot file .csv va duoc ph?m mém truy cap, hién thi dudi
dang mdt DataGridView nhu ¢ hinh 3.

Céc thong tin vé hai hop phan trong BGE, nong d6 hop
phéan thtr nhat, pH va thé tich dinh mirc dugc ngudi ding
cung cép théng qua cic Textbox trong phin “thong tin vé
BGE” trén phin mém. Dua vao ky hiéu viét tit ma nguoi
dung cung cap, hai hop phan trong BGE duoc phin mém
xac dinh va cac thong sb vé hai hop phan nay dugc trich
xuét tir DataGridView va sau d6 luu trit bang hai mang;

i) Mot mang hai chiéu kich thude [2, 5] chira cac thong
tin vé M, d, maxH, maxCharge, initialH (double][,] info =
new double[2, 5]) v&i chiéu thir nhat ciia mang 1a hai chat
Al va A2 (const int A1=0, A2=1), chiéu thtt hai 14 cac thong
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s6 (const int M=0, d=1, maxH=2, maxCharge=3, inital H=4).

ii) Mot mang ba chiéu kich thudc [2, 2, 5] chira cac
thong tin vé cac gia tri pK, va K_(double[, ,] pKKa=new
double[2, 2, 5]) véi chiéu thir nhat 13 hai chit, chidu thi hai
1a cac thong s (const int pK=0, Ka=1) va chiéu thtr ba 1a
cac gia tri tr 0 t6i 4, trong do K [0] va cac gia tri vuot qua
maxH duoc gan bang 0.

Céc thong s6 can tinh todn bao gom: cac gia tri hang s6
phan ly nong do K. hé s6 phan s6 ndng d6 (), logarit cac
hé s hoat do (logf), cac hé s6 hoat do (f). Cac thong ) nay
dugc tinh toan va luu trong 1 mang 3 chiéu c6 kich thudc
[2, 4, 5] (double[, ,] calc=new double[2, 4, 5]) v6i chiéu thir
nhét va ba tuong tu nhu trén, chiéu thir hai 1a cic thong s6
(const int K _=0, alpha=1, logf=2, =3).

Tuy thude vao do 16n cua luc ion, cac gia tri logarit hé )
hoat d¢ dugc xac dinh theo phuong trinh Debye-Huckel (6)
hodc David (7). Thuat toan cu thé nhu sau:

if (Ton <= 0.01)
eql = Math.Sqrt(Ion);
else
eql = Math.Sqrt(Ion) / (1 + Math.Sort(Ion)) - 6.2 * Ion;
fh = Math.Pow(10, (-08.5 * eqI));
ch =h/ fh;
for (i=0;i<2;ite) {
for (j =0; j <5 j#){
calc[i, logf, j1 = -0.5 * Math.Pou((info[i, maxCharge] - j), 2) * eql;
calc[i, f, j1 = Math.Pow(10, calc[i, logf, j1); } }

Viéc tinh cac hé“mg ) K. dugc thuc hién theo cac phuong
trinh (4) va (5):

cale[Al, KC, 0] = calc[A2, KC, 0] = 1; //cac gia tri KC[B] dugc gan béng 1
for (1=0; i<2; i+) {
KKLi, 01 = 1;
for (j=1; j <5 j+) {
calc[i, KC, j1 = pKKali, Ka, j] * calc[i, f, j-11/(fh * calc[i, f, j1);
//tach cac KC thanh mft mng riéng d8 dua vio method tinh phin s¢ ndng do
KK[i, j1 = calc[i, K¢, §1; }}

Céc hé sb phan ) néng d6 dugc tinh theo phuong trinh
2)va(3):
double[,] alp = calc_alpha(ch, KK); //si dung method cacl_alpha
for (1 = 0; i <2; i++) {
for (j =0; j <5; j++) {
calc[i, alpha, j1 = alpli, j1; }}

Method calc_alpha dugc xay dung voi 4 gia tri K, do
cac nac phan ly ao (twong tmg voi sé H>maxH duoc gan
K =0 nén ciing dua t¢i K =0 va do do s€ triét ti€u trong biéu
thtre tinh a).
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//method st dung bi&n 1a néng d6 H+ va cdc gid tri KC
private static double[,] calc_alpha (double hplus, double[,] K_C) {
doublel[,] cal_alpha = new double[2, 5]; //cdc gid tri alpha
double[,] cal_Kh = new double[2, 5]; //cic ti sd trong biéu thic tinh alpha
double[] D = new double[2]; //miu s& trong biéu thic tinh alpha
for (int i = 0; i < 2; i++) {
D[i] = 0;
for (int j = 0; j < 5; j++) {
double product = K_C[i, 0];
for (int k = 0; k <= j; k) {
product *= K_C[i, kl; //tich cdc KC }
cal_Kh[i, j1 = Math.PowChplus, (4-3j)) * product;
D[i] += cal_kh[i, jI; } }
for (int i = 0; i < 2; i++) {
for (int j = 0; j < 5; j++) {
cal_alphali, j] = cal_Kh[i, j1/D[il; //tinh cic hé sé alpha } }

return cal_alpha; }

Tinh ndng d6 ciia hgp phan thi hai tir DKP theo phwong
trinh (1):

//téng néng d6 cic dang cla hai chit theo phudng trinh cin bing proton
double[] Aeq = {0, 0};
for (1=0; 1<2; it+) {
for (j=6; j<5; 3+ {
Aeq[i] += (info[i, maxH] - info[i, initalH] - j) * calc[i, alpha, j1; } }
Conc[A2] = -1000 * (ch - Kw / ch + Conc[Al] * Aeq[Al] / 1000) / Aeq[A2];

Sau khi thu dugc ndng d6 ctia hop phan tht hai, luc ion
duoc xac dinh lai tr n&”)ng d6 cua HY, OH" va cac dang ton tai
trong dung dich vura tinh theo phuong trinh (8).
double Iforce = 0;
for (i=0;1i<2; it4) {

for (3 =0; 3 <5 i+ {

Iforce += 0.5 * Math.Pow((info[i, maxCharge] - j), 2) * Conc[i] / 1000 *
calc[i, alpha, j1; //tinh véi céc dang clia Al va A2 } }

Ton = Iforce + 0.5 % (ch + Kw / ch); //tinh t6i H+ va OH-

Toan bd céc tinh toan trén dugc dat trong mot vong lap
do while () va viéc tinh nay dugc thyc hién t6i khi sy sai
khac vé nong do cua hop phan tht hai giita 2 1an tinh nho
hon hoic bang 1%.

double bef, ex;

Conc[A2] = 0;

Ion = 0;

do {
bef = Conc[A2];
//tinh hoat d6
//tinh KC
//tinh alpha
//tinh néng do
//tinh ldc ion
ex = Math.Abs(Conc[A2] - bef) / bef % 100; 1}

while (ex > 1);

Két qua thir nghiém phan mém trong thuc té

Phan mém sau khi dugc phat trién da duoc thir nghiém
trong thuc té, cac két qua tinh toan tr phan mém duogc
so sanh voi két qua do bang may do pH va phan mém
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PeakMaster. Cac BGE dugc st dung trong thue nghiém nay
1a cac hé dém véi hop phan thir nhat 14 His va thi hai la
Ace hodac MES. Day la cac hé BGE thong dung trong phan
tich CE-C*D. BGE véi thanh phan 12 mM His/Ace pH=4,0
thuong dugc st dung dé phan tich dong thoi cac cation va
anion v0 co co ban trong moi truong nudce [10], trong khi
cac hé¢ BGE (12 mM His/MES pH=6,3 [11] va 1 mM His/
Ace pH=2,5-3,5 [12]) con lai c¢6 thé duoc ding dé phan tich
glyphosate, mot loai thuoc diét co da ting duoc st dung phd
bién nhung hién bi cam tai nhiéu québc gia, trong d6 c6 Viét
Nam. Cac két qua tinh toan trong nghién ctru nay da dugc
sir dung dé chuan bi cac BGE trong [12].

Bang 2. Két qua tinh toan néng d6 tir phdn mém da phat trién
dwoc so sanh véi cac gia tri pH thu dwoc trong thwe té va phan
mém PeakMaster.

Ké‘t qua tir Két qua Két qua pH
Pidu kién Phaﬂ méem tr(‘)ng do pH dm chlmg tir
¢ nghién ciru nay trong thue phan mem
(mM) te PeakMaster
12,0 mM His/Ace, _ - -
pH=4,0 C,..=73,69 pH=4,06 pH=4,005
12,0 mM His/MES, . _ -
pE=63 Cs=3,68 pH=6,23 pH=6,208
1,0 mM His/Ace, _ _ _
pH=2,50 C,..~761,66 pH=2,48 pH=2,509
1,0 mM His/Ace, _ - -
pH=3,50 C,.724,49 pH=3,52 pH=3,506

Két qua bang 2 cho thay, khi chuin bi cac BGE vi nong
do cua hop phén thir hai (Ace hodc MES) tinh todn tur phén
mém, pH cua /dung dich thu dugc trong thue té rat gan voi
pH mong mudn (|ApH[<0,07, twong tng vdi sai s6 nho hon
2%). Céc ket qua doi chimng cting cho thiy su phu hop gilta
2 phan mem (st dung nong d9 tinh dugc trong phan mém ty
phit trién de dwa vao tinh pH trong phan mém PeakMaster),
sai l1éch Ve pH quan sat duoc ciing tuong tu voi [ApH|<0,06
va sai s6 nho hon 2%. Ngoai su khac biét Ve thuét toan, sy
sai khac gitra két qua tinh toan tir 2 phan mém con c6 thé do
viée sur dung céac gid tri pK khac nhau (tir cac tai liéu tham
khao khac nhau). Diéu nay ‘cho thdy, viéc tinh toan nong do
tur phan mém da phat trién 14 chinh xac va co thé hd tro t6t
cho viéc chuan bi BGE khi phén tich bang CE-C“D.

Két luan

Nghién ctru thiét 1ap dugc thuat toan dé xac dinh nong
d6 ctia mot hop phan trong mot BGE da biét pH va nong do
ctia hop phan con lai, trong d6 co tinh téi anh hudng cia
lyc ion. Duya trén thuat toan nay, mot phﬁn mém tinh toan
ndéng d6 BGE co giao dién don gian, d& str dung di duoc
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phat trién véi ngén ngir C# trén cong cu Microsoft. Phan
mém cho phép nhap thong tin vé cac axit, bazo thuong ding
dé chudn bi BGE trong phén tich CE-C*D, tinh toan gia tri
ndng do6 ciing nhu khdi lwong va thé tich cia cac hop phin
can sir dung. Hoat dong ctia phan mém trong thyc té ciing da
duoc kiém chimg théng qua viée so sanh voi két qua do pH
thyc té va tinh toan bang phan mém PeakMaster.
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Tom tit:

Bai bao trinh bay két qua nghién ctru vé kha nang hap phu - quang xtc tic cia graphitic carbon nitride (g N)
va g-C,N, phan tan trén diatomit véi ham lwgng 5, 10, 15 va 20%. g-C,N the hlen hoat tinh quang xuc tac tot trong
phén @ng phan hiiy Rhodamine B (RhB) nhung kha ning hap phu hoat chét yeu DPong hoc biéu kién ciia su phan
hiy quang xtic tic RhB tuan theo mo hinh bac 1/2. Khi g-C,N, phén tan trén diatomit, hoat tinh hip phu - xiic tac
dwoc ting lIén. Vit liéu tiém nang g-C,N /diatomit ¢ kha nang vira hap phu vira xic tac cho qua trinh x1r ly RhB.

Két qua nghién ciru cho thiy, trong 4 ham lwgng g-C.N
Tir khoa: diatomit, g-C N

34
Chi sb phédn logi: 2.4

Pat van de

Trong viéc tim kiém céc xuc tac quang o hoat tinh trong ving
anh sang kha kién, g- -C,N, 1a mot chat xtc tic quang tiém nang ctia
thé hé tlep theo do co bandgap thap, 0 bén hoa hoc cao. ‘Tuy nhién,
g-CN de tai hop electron va 1 trong quang sinh, dan dén hiéu suét
lu'ong tu’ thap nén viéc bién tinh g-C N, dé han ché nhuoc diém nay
14 can thiét [1].

Diatomit co cau triic xop, v6i thanh phan chu yéu 1 Si0, co
nhimg dic tinh tot nhu do dan dién, dan nhiét thap, tro vé mat hoa
hoc, c6 dién tich bé mit riéng lon [2].

Muc dich cta nghién ctru nay 1a tong hop hé vat liéu hip phu -
xuc tic quang g-C,N, phan tén trén diatomit va nghién ctr khd nang
hép phu va hoat tmh quang héa & ving 4nh sang nhin thy trong s
phéan huy RhB.

Phuong phap nghién ciiu

Diatomit Phii Yén duoc tinh ché theo quy trinh d3 néu trong
[3]: trude hét, diatomit dwgc rira trong nudc cit theo ty 16 1:5 vé
khéi luong dé gan bo can cét s6i, sau d6 hon hop duoc dua vé pH
9 bang dung dich NaOH, rdi gan ldy phan huyén phu & trén; tiép
theo huyén phu dwgc chinh pH vé 2 bang dung dich HCI rdi gan
b6 phan trén. Lép bot nhio duoc loc rira dén moi truong trung tinh
rdi sy kho ¢ 60°C, nghién min, thu duoc khoang sét tinh ché, ky
hi¢u la FD.

g-C.N, dugc tong hop tir nhiét phan uré theo quy trinh néu &

[4]: khoang 200 g uré duoc nghién min, sau d6 dwgc nung trong
moi truong chan khong ¢ 500°C trong 4 gio. San pham sau nung

“Tac gia lién hé: Email: hann@hnue.edu.vn
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hap phu, quang xuc tac, RhB.

, thi 15% g-C.N /diatomit c6 hi¢u qua xir ly RhB tot nhat.

dugc rua bang dung dlCh HNO, 0, I'M, sau d6 dugc dua vé pH
bang 7. Cudi cung, chét rin du(yc sdy & 60°C trong 10-12 gid thu
duoc g-CN

g-C,N,/Dia duoc tong hop bang phuong phép trang thai rin
két h0'p siéu am: mot luong g-C,N, va FD theo ty 1¢ nhét dinh dé
dam bdo thu dugc cac h¢ vat heu vm ham luong g-C\N, lan luot
1a 5,10, 15 va 20% (Ve khdi lugng)/FD dugc nghién min va tron
co hoc trong may nghlen bi, sau do duoc si€u am trong dung moi
ethanol-nudc (ty 16 1:2). Cudi ciing, hdn hop duoc siy khd va nung
6 500°C trong 4 gio.

Vit liéu tong hop dugc dic trung bang cac phuong phap hoa
ly nhu XRD, SEM, UV-Vis ran, pho photoluminescence va FT-IR.

Diém ding dién (PZC) ciia g- -C,N, dugc xac dinh bing phuong
phap dich chuyén pH véi sy tham khao quy trinh dugc néu & [5]:
diéu chinh pH cua dung dich KNO, 0,1 M bang NaOH hoac HCI
t0i cac gia tri bang 2, 4, 6, 8, 10 va 12. Tiép theo, 0,15 g g-C N,
duoc cho lan luot vao 30 ml ciia 6 dung dich ¢6 pH, o trén, lac
trong 48 gi0. Xéac dinh lai pH, cua 6 dung dich sau khi da loc tach
g-CN,. Vé d thi cia ApH = pH, - pH, theo pH.. Diém giao nhau
cua duong cong vai truc hoanh la PZC cua g-C\N,. Céc gié tri pH
duoc xac dinh bing may do pH dé ban Mettler Toledo S220-Kit
(Trung Qudc).

Kha nang xtr Iy RhB cua cac h¢ vat lieu dugc thyc hién theo
thi nghiém me. 40 ml dung dich RhB véi nong do dau C =20 mgl"
va 20 mg vit liéu cho mdi 1an thi nghiém duoc dua vao bmh phan
(g bang thiy tinh thach anh, pH tu sinh. Mdi thi nghiém déu dugc
thuc hién qua hai giai doan 1 hip phu va quang xiic tic. Vé hip
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Abstract:

This paper reports the results of the study on the
adsorption - photocatalytic degradation of Rhodamine
B (RhB) on graphitic carbon nitride g-C,N, and g-C,N,
dispersed on diatomite with 5, 10, 15, and 20% loading
(%owt). The bare g-C,N, exhibits good photocatalytic
activity for RhB degradation but weak RhB adsorption.
The apparent kinetics of RhB photocatalytic degradation
is of order 1/2 regard to RhB. Increasing adsorption -
catalysis effect is observed as g-C,N, is dispersed on
diatomite. This potential bifunctional material is capable
of both adsorbing and catalysing RhB treatment. The
optimum g-C,N, content on diatomite is 15%.

Keywords: adsorption, diatomite, g-C N ,
Rhodamine B.

Classification number: 2.4

photocatalysis,

phu, binh phan tung chua dung dich RhB, vét li¢u nghién ctiru duge
boc gidy toi mau va dit vio may lic on nhiét & nhiét do phong trong
90 phut dé dam bao qua trinh hap phu dat can bang. Sau d6, dung
dich RhB duoc x4c dinh lai ndng d6 (ndng do sau hip phu) va gia
tri nay duoc coi 1a ndng do dau ciia giai doan quang xuc tac (C1).
Giai doan quang héa dugc thyc hién trong 90 phut. Sau khi két thuc
phan ung, dung dich dugc tach loai chét rén va xac dinh lai nﬁ”)ng do
cua dung dich RhB (C2).

Qua trinh quang xtic tac dugc thuc hién trén h¢ phan ung quang
héa duge xay dung trong phong thi nghiém. Ngudn sang 1a dén
Xenon cong suat 250 W, 2>420 nm dit ¢6 dinh cach binh phan
{mg 30 cm. Binh phan tmg c6 khudy tir va duogc dat trong bé diéu
nhiét tuan hoan nudc dé tan nhiét. Khong gian quanh binh phan tmg
duoc quat mat lién tuc.
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Dé nghién ciru dong hoc ciia qua trinh quang xtc tic RhB trén
g-CN v thi nghiém dugc thye hién voi 100 ml dung dich RhB 20
mgl"! va khéi lugng xic tic 50 mg. Ctr sau mdi khoang thoi gian
(15, 30, 45, 60, 90 va 120 phut), khoang 5 ml hén hop duge 1ay ra
ly tdm va chat ldy 3 ml dé xac dinh nong do C, cua RhB. Phan con
lai trong ong ly tam duoc tra lai binh phan ung va dugc trang lai
bang 3 ml nude cit. Nong d6 sau hap phu C1 & thi nghiém dang mé
ciing xéc dinh theo quy trinh nay. Nong do cua dung dich RhB duoc
xac dinh bﬁ“mg phé UV-Vis tai budc song cuc dai hép phu 554,7 nm.

Duong chuén sy hép’phu quang cua RhB dugc xay dung trong
khoang nong do tir 0,1 dén 10 mgl"! va c6 phuong trinh D=0,171C
+ 0,032, trong d6 D 1a d9 hap phu quang va C la nong d9 cua dung
dich RhB (mgl ).

Két qua va thao luan

Hoat tinh hip phu - quang xiic tic ciia g-C\N, trong xi ly
RhB

Cac dic trung cdu triic ciia g-C N,

2)

g-C3Ny

(00

(100)

Cudng d6 nhiéu xa (a.u.)

T T
10 20 30 40 50 60

20 (d9)
Hinh 1. Gian dé XRD cua g-C,N
Trén gian d6 XRD ciia g- -C,N, (hinh 1) c6 thé quan sat thay cac
pic nhiéu xa ¢ 26=12,6 va 27 4O dac trung cho cac mat (100) va

(002), twong tmg véi céc cu tric xép 16p ciia cac don vi heptazine
va sy sap xép cua cac don vi tris-triazine trong cung mot 16p [6, 7].

Phé FTIR ctia g-C,N, dugc trinh by & hinh 2.

g-CG3N,

1.624

Cwong d¢ hipphu (a.u.)
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S séng (cm!)

Hinh 2. Phé FTIR cia g-C N,
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C6 thé quan sat thiy cac dai hap phu ¢6 cuong do manh & ving
1.200-1.700 cm™! voi cac dinh hép phu tai 1.249, 1.466 va 1.624 cm''.
Céc dai hap phu nay dic trung cho cac dao dong héa tri cua céc
nhom CN di vong trong vét liéu. Dai hap phu véi dinh nhon tai s6
song 798 cm trong Gmg voi cac dao dong dac trung ctia vong tris-
triazine trong g-C,N, [8, 9].

Anh SEM ciia g-C,N, dugc trinh bay ¢ hinh 3 cho thay, g-CN,

tong hop c6 hinh thai bé mat gdm nhiéu manh két hop véi nhau
nhung khong dong déu.

390 nm ( A) 3 (B)
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= ;
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0 T T T

00 15 20 25 300315 40
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Hinh 4. Phé UV-Vis ran cua g-C N, (A) va dé thj theo phwong phép
Kubelka-Munk xac dinh khoang cach viing cdm cta g-C.N, (B).

Tinh chat quang héa cua g-C,N, dugc khdo sat dya trén phd
UV-Vis ran nhu thé hi¢n ¢ trén hinh 4A. Két qua chi ra rang,
g-CN, cho pic hip phu cyc dai & khoang 390 nm. Khoang cach
vung cam (E)=2,1 eV duogc xac dinh theo phuong phap Kubelka-
Munk (hinh 4B):

(ohv)? = C(hv - E)

trong do: h 1a hing s6 Planck; C 1a hing s6; Eg la ning luong
ving cdm; v 1a tan s6 kich thich. Khi v& dd thi (ahv)? theo hv
duong thing tuyén tinh di qua diém uén cua duong cong cit truc
hoanh. Gié trj hoanh d9 & diém cét chinh bing ning lugng viing
cam E,

PZC cua g-C\N

Tir 0 thi su phu thudc ciia ApH theo cac pH_ cua dung dich
KNO, ban déu, x4c dinh duge PZC ciia g-C,N, bing 5,8 (hinh 5).

TAP CHI

HOA HOC

NGNGHE |e Nam 63(11DB) 11.2021

Khoa hoc Ky thuat va Céng nghé n—

ApH

3

Hinh 5. D6 thi sw phu thudc cta ApH vao pH, cta céc dung dich KNO,
0,1 M.

Bong hoc qud trinh phan hiy quang xiic tdc RhB trén g¢-C N ;

Cac thi nghiém khao sat hap phu - quang xuc tac cua g-C,N, cho
thy g- -C)N hap phu rét yéu RhB. Sau 90 phut hip phu, nong do
RhB chi glam 3%. Vi thé, trong céc diéu kién thi nghiém ctia nghién
ctru ndy, mot cach gan dung, c6 thé bo qua anh hudng cia hép phu
dén hoat tinh quang hoa cia g-CN,.

Pé kiém tra RhB c6 bi chuyén hoa truc tiép boi chiéu dén,
mdt thi nghiém khong c6 xuc tac dugc thyc hién song song vai thi
nghiém quang hoa c6 xic tac va két qua cho thy, trong didu kién
thuc nghiém cta nghién ctru nay RhB bi phan hiy truc tiép khong
xtic tac khong dang ké. Sau 90 phut chiéu sang chi khoang 2% RhB
bi chuyén hoa, vi thé co thé coi anh huong cua phan hiy truc tiép
boi chiu sang ciing c6 thé bo qua.

Toc do phan huy RhB trén g-C,N, theo thoi gian dugce biéu thi ¢
hinh 6. C6 thé d& dang nhan thay, qua trlnh xdy ra rat nhanh. Sau chi
30 phut chiéu sang dudi dén enon, 69% RhB di chuyén hoa va sau
60 phitt chiéu sang, hdu nhu 100% RhB di bi phan hiy.

100 -
80 |
60 |

40 -
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Hinh 6. Kha nang phén hdy RhB trén g-C,N, theo thoi gian (C, C twong
(rng 1a ndng d6 dau va ndng do clia RhB trong dung dich tai thoi diém t).

Phuong trinh dong hoc hinh thirc cho phan tmg m6t chiéu phu
thudgc bac n vao nong do C cua mdt chat phan trng duy nhat nhu
sau [10]:

1 1 1
kt = — (F - @) €]
trong do: k 1a hang s6 toc do cia phan (g,

’ Bién déi phuong trinh nay vé dang ¢ = [(n— Dkt +Cme,
Ap dung hoi quy phi tuyén str dung solve v6i hai tham s6 hoi quy 1a
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n va k s& tim dugc n=0,505 va k=0,14801 mg'I"*phut" véi he sd
héi quy R>=0,9942 (hinh 7).
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Hinh 7. Hdi quy phi tuyén str dung solve xéc dinh bac ctia phan trng (n) va
héng s téc do phan tng (k).

Hbi quy tuyén tinh ciing duoc ap dung bang céch thay n=1/2 vao
phuong trinh (1), ta co:

1/2

=CY?% = ——kt+ _1,2 = ——kt+ C,

c— 1/2

Néu phén tmg c6 béc 1/2 thi sy phy thude cua C”z vao t sé la
duong thang tuyén tinh voi hé s6 goc 1a -k/2 va cat tryc tung tai
diem C=C . Két qud hinh 8 cho thay, su phu thudc tuyén tinh clia
C'? vao t voi R=0,9963 va xac dinh k=2x0,0727=0,1454 mg"*|'"
phut 2,

5
.
4 y=-0,0727x+ 4,3708
R2=10,9963
£ 3 .-
E .-
g )
a 1 .
& T
0 T
0 10 20 30 40 50 60 70

Thoi gian (phut)
Hinh 8. D6 thi biéu dién sw phu thudc cta C"2 vao thoi gian.

Nhu véy, ¢6 thé xem ring phan (g phan huy quang xuc tac
RhB trén g-C,N, c6 bac 1/2 véi hing s6 toc do phan tmg k=0,1454
mgl/Zl l/thut 1/2

Nghién citu tinh chét hdp phu - quang xiic tic ciia hé vit
liéu 5% g-C,N /FD

g-CN, thé hién hoat tinh xiic tic quang tot ddi v6i qua trinh
phén huy RhB nhung hau nhu khong c6 kha nang hap phu RhB
trong diéu kién thuc nghiém thiét 1ap. Pé ting kha ning hap
phu, 5% g-C,N, dugc phan tan trén FD va khdo sat hoat tinh hip
phu - xuc tac trong qué trinh xir Iy RhB. Mau dugc ky hiéu 1a
5-g-C\N/FD.
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Mot 56 két qua ddc trung vat liéu:

90
[y
% 5-g-C;N/FD
w
& 60
% P /A ~
- FD
=
en
VE 30 -/\V_A“
®)
g-C;Ny
o777
10 20 30 40 50 60 70
26 @)

Hinh 9. Két qua XRD ctia g-C.N,, FD va 5-g-C,N,/FD.

34
Gian dd XRD trén hinh 9 cho théy, vat liéu FD ¢6 céu tric vo
dinh hinh. Trén gian d6 XRD cua g-C,N/FD van xuat hién pic
nhiéu xa dic trung cho g-C,N,, minh chig cho sy thanh cong cua
phuong phap tong hop.

Ny

Anh SEM ctia cac miu g- C,N,, FD va 5-g-C N /FD trén hinh 10
cho thdy, vat liéu FD c6 dang cac manh vun ¢6 klch thudc khoang
1-5 um. Khi dua 5% g-C,N, 1én FD, hinh théi hoc cua vat ligu va
kich thudc hat khong c6 sy thay d6i 1on. Trén bé mit cia FD c6 hinh
thanh cac dom hat (sang mau) voi kich thudc hat nhé hon, khoang
vai tram nm.

o L |lv wfm yu

i.c0um |} s

Woifmal$538

Hinh 10. Anh SEM ctia g-C N, (A), FD (B) va 5-g-C,N,/FD (C).
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Hinh 11. Phd UV-Vis clia g-C,N, va 5-g-C3N4/FD.

X000 Gy —

A



Phd UV-Vis rin cla cac miu g- -C,N, va 5-g-C,N/FD (hinh
11) cho thay, sau khi dua 5% g-C N, len FD, su hap phu quang
cua vét liéu thay doi khong dang ke cuong do va vi tri cta pic &
khoang 390 nm. Méc du vdy, co thé quan sat dugc su dich chuyen
nhe ctia pic hap phu vé viing budc song dai hon. Sy dich chuyén
nay thé hién c6 sy tuong téc giita g- -C,N, véi diatomit.

Hoat tinh hdp phu - quang xuc tac cua vt liéu 5-g-C3N4/FD:

Thi nghiém hép phu - quang xiic tic dugc thyc hién trén hé vét
liéu 5-g-C,N,/FD vé6i 90 phat hép phu trong t6i va sau d6 duoc
tiép tuc chleu dén trong 90 phut. Két qua dugc trinh bay & hinh 12
cting véi cac két qua phan tmg trén hé g- C,N, va FD riéng bi¢t aé
so sanh.
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g'C3N4 FD 5-g—C3N4/FD
Hipphy (%)  Xictic(%)  Hiu sut thng (%)
gCN, 3,0 94,0 97.0
FD 54,5 50 59,5
5-g-C,N,/FD 45,0 49,0 94,0

Hinh 12. Két qua hép phu va quang xuc tac caa g-C,N, va 5% g-C,N,/FD.

Két qua thyc nghiém cho thdy kha ning hap phu RhB cia
g-CN, kh()ng tot, chi’dat 3% sau 90 phut khuéy trong t(‘)i’. Nguoc
lai FD hap phu khé tot RhB. Sau 90 phut khuay trong t01 54,5%
RhB bi hép phu trén FD. Tuy nhién, FD khong thé hién hoat tinh
xiic thc quang dudi 4nh sang dén xenon: sau 90 phut chiéu sang
chi khoang 5% RhB chuyén héa, trong khi d6 gan 100% RhB da
chuyén héa trén g- -CN, bang quang hoa. Hoat tinh quang hoa
cta FD co thé giai tthh 14 do trong thanh phan héa hoc cia FD
nguyén khai ¢6 chira mot ham lugng nho Fe [3, 11]. Trén hé vat
ligu 5-g-C,N,/FD 45% RhB dugc hép phu sau 90 phat, dong thoi
hiéu qua quang héa cua 5-g-C,N,/FD phan hity RhB sau 90 phut
chiéu sang 1a 49%, nang tong hleu sudt xir Iy RhB 1én 94%, cao
hon dang ke so voi FD (chi dat 59,5%). Viéc giam hiéu suat hap
phu trén mau 5-g- -C,N,/FD so v6i FD ¢6 thé mot phan 1a do mét sb
tam hap phu trén hoat chat bi che 1ap boi g-C,N,. Méc du khd néng
quang xuc tac cua 5-g-C,N /FD thap hon so V01 g-C,N,, nhung luu
¥ ham luong g-C.\N trong 5-g-C,N/FD chi 5%. Nhu vay, voi su
két hop cua hai hop phan g- -C,N, va FD, h¢ vit ligu 5-g-C,N /FD
da khic phuc duoc nhugc dlern cua timg hop phan riéng ré: he vat
liéu vira c6 kha ning hap phu RhB, vira ¢ kha ning lam chét xic
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tac quang cho sy phan hiy RhB.

Pé kiém nghiém kha ning phan huy RhB cua anh sang mit
troi, hé thi nghiém vai FD sau hép phu 90 phut, chiéu sang 90
phut bing dén xenon tiép tuc dugc dua ra ngoai ning 60 phit.
Két qua co thém 22% RhB duoc chuyén hoa, dan dén tong hiéu
sudt xtr Iy RhB trén FD = hip phu 90 phit (54,5%) + chiéu dén
90 phut (5%) va 60 phut dudi anh ning mat troi (22%) =81,5%.
Tir két qua nay ¢6 thé nhan dinh rang, du6i anh ndng mat troi
RhB ¢6 thé bi phan hity boi nhiét ma khong can xic tic nhung
hiéu suét khong cao.

Nghién ciru ty I¢ g-C N, va FD thich hop nhit dé dat higu
qud xi Iy RhB bing ky thudt hip phu - quang xiic tic

C6 thé thdy rang, hap phu da hd trg qua trinh quang xuc tac
phan huy RhB cua g-C,N rat tot va nguoc lai sy ¢6 mat cua
g-C\N, du véi mot lucmg nho cling cai thién dang ké kha nang
xuc tac quang cua FD. Phan cudi ciing ctia nghién ctru nay dé cap
dén ham lugng gl(n han cua g-C\N, dé hé vat lidu thf: hién dong
thoi kha nang hap phy va quang xuc tac hiéu qua nhat.

3 ham luong nira cua g-C,N, duoc phan tan trén diatomit 1a
10, 15 va 20% bing phu’ong phap nhu di tong hop 5-g- -C,N/FD.
Cac mau duoc ky hiéu lan luot 1a 10-g- -C,N/FD, 15-g- C N /FD
va 20-g-C,N /FD.
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Hinh 13. Gian d6 XRD cta g-C,N,/FD véi ham lwgng g-C,N, khéc nhau.

Gian d6 XRD cua cac miu g- -C,N/FD dugc tong hop V0l cac
ham lugng g-C\N, thay doi tir 5 den 20% (hinh 13) chi ra ring, khi
tang ham hr(_)’ng g- C3 , Cc pic nhiéu xa dic trung cho g- C\N, xugt
hién rd nét hon. Ngoai ra, khong quan sat dugc sy dich chuyén
nhiéu vé vi trf ctia cac pic nhidu xa, cho thay khong c6 su tuong tic
manh ndo gitra cac thanh phén g- -C,N, va FD ma c6 thé dan t6i su
bién dang cdu triic cua vét liéu.

Anh SEM ctia cdc mu g-C sN,/FD v6i ham lugng g-C\N, khac
nhau trén hinh 14 cho thay viéc ket hop g-C.N, v6i FD khong lam
thay doi hinh thai hoc cua ci g- -C\N, va FD g-C)N, chu yéu tao
thanh c4c mang bam trén bé mat ngoal cua cac tam FD Khi tang
ham lugng g-C.N, tir 5 dén 15%, mat d cac mang bam day hon va
khi ham luo’ng g- C .N, Ién t6i 20% co thé quan sat dugc hién twong
co cum xay ra kha r6 nét.
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Hinh 14. Anh SEM ctia 5-g-C,N,/FD (A), 10-g-C,N,/FD (B), 15-g-C,N,/FD (C)
va 20-g-C,N,/FD (D).

Phén tich phd UV-Vis cho thdy, kha ning hép phu anh sang
ving UV-Vis ctia vt liéu x-g-C,N/FD thay doi khong dang ké
khi tang ham luong g-C.N, va khong khac véi E cia g-C\N
(hinh 15). Két qua Xac dmh nang lugng vung cam theo harn
(ahv)? ciia 4 mau tong hop déu nam trong khoang 2,1+0,05 eV.
Nhu viy co thé ndi, su c6 mat ciia FD hau nhu khong lam thay
d6i tinh chit quang cua g-C,N, ma chi lam tdng kha ndng hip
phu RhB cua h¢ vat liéu.

Kha ning xir Iy Rhodamine cia cic mau g-C N /FD véi ham
lugng g-CN, khic nhau dugc thé hién ¢ hinh 16.

C6 thé nhan thiy, kha ning xtr Iy RhB sau 90 hap phu va tiép
theo 90 phiit chiéu sang ting tir 92 1én xap xi 100% cing véi su
tang ham lugng g-C.N, tir 5 dén 15%. Tuy nhién, khi tiép tuc
tang ham luong g-CN, 1én dén 20%, hiéu suat xir Iy RhB giam
nhe. Hién tvong nay c6 thé 1y giai nhu sau: hiéu suét xir Iy RhB
tang 1a do sy hd trg qua lai giita hai chiic ning hép phu cua FD
va quang xuc tac cua g-C\N, trong h¢ vét li¢u. Khi ham luong
g-C,N, ting dan tir 5 dén 15% hoat tinh quang xuc tac ting va
khong anh hudng nhiéu dén dung luong hap phu ciia FD. Nhung
néu tiép tuc ting >20% thi mot phan co thé dan dén giam do
phén tan cua g-C.N, trén FD, tlr d6 lam giam hoat tinh quang xtic
tac, dong thoi g-C,N, che phu déng ké cac tam hap phu cia FD,
dan dén do hap phu ciing bi giam theo.

Tir cac két qua thu duge trong pham vi nghién ctu, 15%
g-C,N, la ham luong gi6i han dé tao hé vat lidu g-C,N /diatomit
xir Iy RhB hiéu qua nhat bang k¥ thuat hap phy - quang xiic tac.
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Hinh 15. Cac dwéng Kubelka-Munk dé xac dinh ning lwong ving cam

clia 4 mau vat liéu.

15 -g-CGNo/FD 20 -g-C3NW/FD
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Hinh 16. Kha nidng xtr Iy RhB clia cac mau 5-9-C,N /FD, 10-g-C,N,/FD,
15-g-C,N,/FD va 20-g-C,N /FD.
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Két luan

Bai bao nay trinh béy cac két qua nghién ciru tong hop hé vat
liéu hai chirc nang hép phu va xic tic quang trén co s0 g-C;N
mang trén FD. Két qua nghién ctru cho thiy, g-C N, thé hién hoat
tinh xtc tic quang tt cho qua trinh phan huy RhB 6 pH tu sinh
nhung thé hién kha ning hap phu hoat chat nay yéu. Dong hoc bicu
kién ciia sy phan hily quang xuc tic RhB c¢6 bac 1/2 ddi voi RhB
va hing s toc do phan tmg bang 0,1454 mg"21"2 phut'2. FD Phu
Yén dugc tinh ché thé hién kha niang hép phy RhB t6t (khoang
54,5%) nhung lai khong c6 kha nang xuc tac quang. Viéc phan
tan g-C,N, trén FD tao nén h¢ vit liu hai chirc nang c6 kha nang
vua hap phu vura xtc tac quang cho qua trinh xt Iy RhB. Trong
4 ham luong g-C\N, khao sat (5, 10, 15 va 20%) thi ham luong

15% g-C\N, trén F D thé hién hoat tinh hap phu - quang xiic tac tt
nhit, RhB cung c6 thé bi phan huy tryc tiép dudi anh ning mit troi
nhung hiéu suét khong cao.

LO1 CAM ON

Nghién ctru nay duoc tai tro boi Quy Phat trién KH&CN qudc
gia (NAFOSTED) thong qua dé tai ma s6 05/2018/TN. Céc tac gia
xin chan thanh cam on.
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Tong hop vit liéu lai ghép dang Z g-C.N /V,0, co hoat tinh
quang xuc tac cao trong vung anh sang nhm thay

Mai Hung Thanh Tung", Poan Thi Hong Ngoc', Nguyen Ngoc Kim Tuyén',
P56 Minh Thé, Cao Vin Hoang?, Nguyén Thi Diéu Cim?

'Khoa Céng nghé héa hoc, Truong Pai hoc Cong nghiép Thue pham TP H6 Chi Minh
’Khoa Khoa hoc tw nhién, Truong Pai hoc Quy Nhon

Ngay nhan bai 9/9/2021; ngay chuyén phan bién 13/9/2021; ngay nhan phan bién 11/10/2021; ngay chép nhan ding 15/10/2021

Tom tat: tit:

Vit liéu xuc tac quang lai ghép Z graphitic carbon nitride/vanadi pentaoxit (g-C,N,/V,0,) dugc tong hop bing
phuong phap nhiét pha ran cé sur hd tro ciia siéu 4am. Cac vat li¢u tong hop der'c dac tru’ng bang phuong phap
nhiéu xa tia X (XRD), pho phan xa Khuéch tan tir ngoai - kha kién (UV-Vis-DRS), kinh hién vi dién tir quét (SEM),
pho quang phat quang (PL). Qua trinh dxy héa tetracycline hydrochloride (TC) dugc sir dung dé danh gia hoat tinh
quang xtc tic cia vét liéu g-C,N /V,0.. Vit li¢u nay dwoc tong hop & cac ty 1¢ khoi lwgng g-C,N/V,0, lan lwot 13
5,10, 15 va 20% (CV-x), trong do CV—15 (ty 1& khoi lwong g-C.,N,/V,0, 15%) cho hi¢u suit xic tac quang cao nhit
(79,67% sau 2 gio). Vatli¢u lai ghép g-C,N /V, O, ¢6 hoat tinh cao ho’n so v6i tirng vat liéu g-C,N, va VO, riéng I€é co
thé 1a do sw phan tach hiéu qua cia cap dlen tu’ va 16 trong quang sinh trong vit liéu lai ghep the hlen trong co ché

quang xuc tac phan hay TC caa g-C,N,/V,0,.
Tir khéa: Anh sang nhin thiy, g-C,N,/V.,.0
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Pat van de

O nhim moi truong dang anh huong xdu va ngdy cang
nghiém trong dén doi sdng cua con ngudi ¢ muc dg toan céu
nén viéc nghién ctru xir Iy cac hop chat hiru co doc hai kho
phén huy sinh hoc 1 mdi quan tm hang dau ciia mdi qudc gia.
Mot trong nhiing gidi phap duoc quan tim hién nay 1a ap dung
phuong phap 6xy héa tién tién sir dung cac chat ban dan c6
hoat tinh xiic tic quang dé phan hiy chat hitu co mang lai hiéu
qua cao, san phdm cudi cung 1a carbon dioxide, nudc va cac
chét khac khong/hodc it doc hai hon [1]. Nhiéu chét ban din co
hoat tinh xtc tac quang da dugc nghién ctru va ung dung vao
qua trinh nay. Mot trong sb nhing chit ban din da thu hit nhiéu
su chu y hién nay 1a g—C3N4 : mot dang chit ban din polyme
hiru co khong kim loai, ¢6 cau trac 16p nhu graphen dugc timg
dung lam xtc tic quang tach nudc tinh khiét, chuyén héa Cco,,
phén huy chét hitu co gdy 6 nhidm ngay trong ving 4nh sang
kha kién [2]. Uu diém ctia vat liéu g-C N, 1a c6 nang luong ving
cam hep (khoang 2,7 V), dién tich bé mat cao, hinh thai dgc
dao. Tuy nhién, nhugc dlem cua g-CN, tinh khiét 1a co toc
6 tai t6 hop gitra cac 10 trong va dién tu quang sinh kha nhanh,
dan dén hiéu qua quang xuc tac khong cao. Pé khic phuc nhugce
diém nay, nhiéu phuong phap bién tinh g-C 3N, da dugc ap dung
nham tang hoat tinh xtc tac quang cua vat lleu ndy. Ching han
nhu pha tap g-C,N, v6i cac nguyén t0 phi kim khéc (C, Ce, S...)
[3, 4], n6i bat len la phuong phap két hop g-C.N, véi cac vat liu
béan dan khéac (Ti0,, WO,, Ag,PO, ’BIVO ) [5—10], hé vat liéu
composite thu duqc co hoat tinh quang xtc tac vugt troi hon

‘Tac gia lién hé: Email: maihungthanhtung@gmail.com
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hoat tinh quang xiic tac, tai to hop, tetracycline hydrochloride.

nhiéu so voi cac hop phan riéng 18.

Bén canh do, V,0, - mot chét ban dan oxit kim loai chuyén
tiép quan trong da thu hat nhiéu sy chd ¥ trong viée u:ng dung
lam cht xic tac quang phéan hiy chat hitu co gdy 6 nhiém dudi
anh sang kha kién. V,0; co nhiéu wu diém nhu ning luong
vung cam hep (khoang 2 10 eV), kha ning hép thy manh anh
sang trong ving kha kién, nhung kh1 0 dang nguyen chét, chat
ban dan nay ciing c6 nhugc diém cd hitu 1a toe do tai to hop
gitra cac electron va 19 trong quang sinh kha nhanh [11, 12]. Do
vay, twong tr g-C)N,, nhiéu nha khoa hoc di nghién ctru bién
tinh V. O, bang nhiéu tac nhan bién tinh khac nhau [13-16].

Trong nghién ciru nay, dé khic phuc nhugc diém cua
timg vat liu riéng 1¢, g-C)N, duogc lai ghép voi V,O; bang
phuong phap nhiét pha ran co ho tro siéu 4m nhim thu duoc
vat li€u lai ghép c6 hoat tinh quang xuc tac cao, ung dung phéan
hity chit khang sinh 6 nhiém trong méi trudng nudc & ving
anh sang nhin thiy.

Doi twong va phuong phap nghién ciiu
Déi twong nghién civu

Vit ligu g-C\N, va VO, duge tong hop lan luot tir tién
chat (NH,),CO va NH VO bang phuong phép nhiét pha rén;
vat ligu g-C,N,/V, 0, du’orc tong hop tir g-C)N, va V, 0, bang
phuong phap nhlet pha rin c6 hd trg siéu am & quy mod phong
thi nghiém.
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Abstract:

Direct Z-scheme g-C,N /V,0 photocatalysts were prepared
through a sonication-assisted calcination method. The
obtained samples were characterised by X-ray diffraction
(XRD), Ultraviolet-visible diffuse reflectance spectroscopy
(UV-Vis-DRS), Scanning electron microscope (SEM),
and Photoluminescence spectroscopy (PL). Oxidations of
tetracycline hydrochloride (TC) were employed to evaluate
the photocatalytic activities of the obtained g-C,N /V,0,
materials. Different weight ratios (5, 10, 15, and 20%) of
g-C,N,/V,O_loaded composites were prepared, in which a
15% (CV-15) loaded composite was found to show optimal
catalytic performance for the reaction. The degradation
conversation of TC has achieved approximately 79.67% in
CV-15 after a 2-hour reaction. g-C,N /V,0, photocatalyst
was more active than the individual g-C\N, and V,0,
materials, which could be attributed to the efficient
separation of photogenerated electron-hole pairs shown in
the photocatalytic mechanism of TC degradation.

Keywords: g-C.N,/V, 0,  photocatalytic activity,
recombination, tetracycline hydrochloride, visible light.

Classification number: 2.4

Chét khang sinh tetracycline hydrochloride (TC).
Tong hop vit liéu

Vat lieu g-C N - ure dugc cho vao c6i mi nao nghién min,
sau do cho vao chén str, boc kin bang nhiéu 16p gidy tring nhém
(nhim ngin can sy thing hoa cua tlen chét ciing nhu lam ting
cudng sy ngung tu tao thanh g-C\N,) roi dit vao 10 nung. Nung
nong tién chét ure ¢ 530°C va glu nhlet do nay trong 1 gio, toc
do gia nhi¢t 5°C/phut. Sau do dé 1o ngudi tu nhién dén nhiét do
phong, nghién san pham thanh bot, thu dugc vét liéu g-CN,.

Vat lieu V,0: liy 0,3 g NH ,VO, cho vao c01 mé nao roi
nghién min, dem rung siéu sam trong 15 phut, r6i sdy kho &
80°C. Sau d6 cho vao cdc s, nung ¢ 400°C, toe do gia nhiét
5°C/phit, giit nhiét d9 nay trong 2 gio dé qua trinh phan hiy
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xay ra. Két thiic qua trinh nung, dé ngudi tw nhién dén nhiét do
phong, thu dugc vat ligu V,O..

Vat lieu g-C.N /V,0,: b6t V,0,va g-C.N, cho vao cde theo
ty 16 khoi luong g-C.N, /V 0O lan luot la 5 10 15 va 20%. Sau
d6, phan tan hon horp V O va g-C,N, vao dung mdi nude (20
ml). Huyen phu thu duoc dem s1eu am trong 15 phut dé co sy
phan tan dong nhat va khudy dung dich trén trong 2 gio. Tiép
6, sdy 6 80°C va nung & 530°C (diéu kién yém khi), gii nhiét
do nay trong 1 gio, toe do gia nhiét 5°C/phut, sau d6 lam mat ty
nhién dén nhiét do phong. Vit liéu thu dugc ky hiéu 1a CV-x,
voi x 1a ty 18 khi lugng g-C.N,/V. 0O, (5, 10, 15 va 20%).

Ddc trung vit li¢u

Thanh phan pha dugc xac dinh bang phuong phap XRD
(D8-Advance 5005). Khao sat hinh anh bé mat bang phwong
phap SEM (JEOL JSM-6500F). Kha nang hap thy anh sang cta
xtc tac dugc dic trung bang phuong phap UV-Vis-DRS (médy
UV-Vis-NIR Cary-5000 VARIAN, budc song 200-800 nm).
Dic tinh tai to hop giita cac electron va 13 tréng quang sinh
duoc xac dinh bang phuong phap PL (Fluoromax-4, HORIBA
Jobin Yvon).

Thi nghiém phén hiiy TC

Lay 0,1 g xtc tac cho vao cac cde 500 ml, 1di cho tlép vao
200 ml dung dich TC (10 mg/1), dung gidy bac boc kin cdc, i
khuay déu cdc trén may khuay tir trong t gio (khuay trong bong
t01 voi t 1a thoi gian dat can bang hap phu) dé cho qua trinh hap
phu - giai hap phu can bang. G& gidy bac va tiép tuc khudy
déu cdc ho dudi diéu kién anh sang dén led toc (220 V, 30 W).
Dimng khudy véi thoi gian trong g t=30, 60, 90, 120, 150 va
180 phut, riit khoang 8 ml mau dem ly tim lay phan dung dich
trong. Nong do TC trong cac mau dung dich sau phan tmg thu
duoc & cac thoi gian khac nhau dugc xac dinh bang phuong
phap do quang trén may UV-Vis hi¢u CE-2011.

Khdo sdt anh hwéng ciia cdc chit ddp tit goc

Qua trinh xdc tac quang phén hiy TC dugc tién hanh &
nhing diéu kién gidng nhau vé lugng chit xuc tac (CV-15),
nong d6 TC, cuong do chiéu sang, thoi gian chiéu sang nhung
so sanh v6i 3 loai chat dap tat géc khac nhau. Céac chat duoc
chon gém 1,4-Benzoquinone (BQ) duoc sur dung dé bay gdc
anion 02 , tert-butyl ancohol (TBA) bay goc HO' va amonium
oxalat (AO) biy h*. Luong chat dap tat gap 50 1an s6 mol TC
dugc cho vao cung voi 0,1 g cac vat liéu tong hop tuong Gng
va 200 ml TC 10 mg/l. Cac budc tiép theo tién hanh tuong tur
nhu qua trinh khdo sat hoat tinh quang xtc tac.

Két qua va thao luan
Ddc trung vdt li¢u

Pé xac dinh cac hop phan trong vét liéu tong hop, g- -C)N
V,0, va CV-x dugc déc trung bang phuong phap XRD, ket qua
duorc trinh bay ¢ hinh 1. Két qua tir gian d6 XRD cua g- -C\N
V,0, va composite CV-x ¢ hinh 1 cho thay, doi véi V0, ¢6 cac
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dinh nhidu xa ¢ khoang 26 bang 15,04, 20,02, 26,01 va 31,05°,
dac trung cho pha orthorhombic cua V,0O; (theo JCPDS 75-
0457) [11, 12, 15]. g-C\N, xuat hién dmh nhleu xa c6 cuong do
manh tai vi tri goc 260 bang 27,401° 1a do sy sap xép cua cac hé
théng lién hop thom, trong mg v6i mit tinh thé (002), dinh nhiéu
xa ¢6 cuong do thip hon vi tri goc 20 (13,012°) 1a do sy sip xép
tuan hoan céc don vi tri-s-triazin, tuong (mg voi mat tinh thé (001)
dic trung cho cau tric g-C)N, (theo JCPDS 87-1526) [6, 15].

Trong khi do, trén gian do XRD cua cac vat licu lai ghép CV-10,

CV-15 va CV-20 xuét hién cac dinh nhiéu xa dac trung cho ca 2
hop phan g-C,N,va V,0, con CV-5 chi xut hién cac dinh nhidu
xa dac trung cho hop phan V,0 diéu nay co thé do ham lugng
g-C,N, nho hodc phén bd kha dong déu trong vat liéu lai ghép.

278

JJ._JAL e
v

Cwimg dd (a.u)

= 0 oBM

10 20 30 40 50 60
26 (d9)

Hinh 1. Gian dé XRD cua vat liéu g-C,N, (a),
(d), CV-15 (e) va CV-20 (f).

V,0,(b), CV-5 (c), CV-10

Dé xac dinh kha ning hap thu anh sang va gia tri ning
luong ving cam cua g- C,N,, V,0; vavatli¢u composite, cac
vat liéu duogc dac trung bang phu’()‘ng phap UV-Vis-DRS,
két qua dugc trinh bay & hinh 2. Két qua thu dugc cho thay,
g-C.N, va V. O, déu co mot dai hip thy birc xa bat dau tir
vung tu' ngoai tra1 dai sang ving nhin thdy, nhung V,0, ¢co
kha ning hap thu btic xa trong vung 400-800 nm manh hon
so v6i g-CN,. Bén canh do, phd UV-Vis-DRS cua cac mau
vat ligu 1a1 ghep tong hop & cac ty 18 khdi luong gCN/

O, khéc nhau déu co bo hap thy 4nh sang nhin thiy manh
h(m so voi g-C\N, va gan tuong duong voi V, O, tinh khiét,
nhung cé cuong do hap thu birc xa khac nhau

Cuémg @6 hap thu (a.u)

T T T
300 400 500 600 700 800
Bwdc song (nm)

Hinh 2. Phé UV-Vis-DRS cua vat ligu g-C,N,, V,0, va CV-x.
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Hinh 3. Sw phu thuéc ham Kubelka-Munk theo nang lwong anh
sang bi hap thu cuda cac vat liéu g-C.N, (A); V,0, (B); CV-5-530 (C);
CV-10-530 (D); CV-15-530 (E) va CV-20-530 (F).

Gia tri nang luong ving cAm cua cac vat ligu lai ghép
CV-x téng hop duoc giam so voi g-C,N,. Viéc thay doi gia
tri nang luong ving cam cho phép du doan vat li¢u lai ghép
téng hop duoc ¢6 hoat tinh quang xuc téc tt trong ving anh
sang nhin thiy nho su xtc tac hiép tro cta g-C,N, va V,0,
(hinh 3).

Tir két qua PL ¢ hinh 4 cho thdy, c6 su giam déng ké
cuong do phat quang tir mau vat liéu CV-5 dén CV-20.
Khi cac vat liéu tong hop bi kich thich & 300 nm, xuét hién
cuc dai phat xa & khoang 450-470 nm, trong d6 CV-15 c6
cuong d6 phat xa thip hon so voi cac mau lai ghép co ty
1¢ khoi hrong g-C.N,/V,0,1a5,10 va 20%, dong thoi thap
hon nhiéu so véi g- C Va V,0.. Két qua PL da chung
minh su tai té hop glu’a cac electron va 15 trong quang
sinh cia CV-15 1a nho nhat, cu thé: V,0>g-CN>CV-
5>CV-20>CV-10>CV-15. Diéu nay chung to, CV—IS co
su tai t6 hop giita cac electron va 13 trong quan sinh dugc
han ché hiéu qua hon so voi cac vat liéu lai ghép con lai
trong vung khdo sat, tao diéu kién thuan loi cho qué trinh
khuéch tan electron ra ngoai bé mit dé twong tac véi cac
chat dugc hap phu trén bé mat, giup tang hiéu qua xu ly
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Hinh 4. PL cta cac vat liéu g-C,N,, V,0, va CV-x.
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céc chat 6 nhiém. Do d6, diéu kién téng hop mau vat liéu
CV-15 dugc xem la thich hop nhét trong ving khao sat va
du doan kha nang hoat dong quang xuc tac cia CV-15 cao
hon so véi CV-5, CV-10 va CV-20.

Dé kiém tra hinh thai bé mat ngoai ciia cdc miu vat
liéu, g- C3N4, V,0, va g-C\N,/V,O, dugc xac dinh bang
SEM, cac két qua duorc trmh bay or hinh 5. Tr anh SEM
clia mau vat liéu V,0,, g-CN, va composrce CV-15 tong
hop dugc cho thay, g-C\N co dang cau truc 1op, V,0, la
nhitng hat hinh bau duc, con CV-15 c6 su bao phu mot lorp

g-C,N, trén bé mit nhitng hat hinh bau duc V,0..

Hinh 5. Anh SEM ciia cac vat liéu g-C,N, (A), V,0, (B) va CV-15 (C).
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Hoat tinh quang xiic tac

Sau khi khudy hdn hop vat liéu xuc tac va dung dich TC
trong bong tdi 90 phut dé qua trinh hip phu - giai hap phu
dat trang thai can bang, quéa trinh khao sat hoat tinh quang
xuc tac cua vat liéu CV-x duoc tién hanh. Két qua do chuyén
héa TC sau 120 phit dugc trinh bay ¢ hinh 6.

—= V105 —- g-CaNg

1N 710 —— CV-15

—— CV.5
== CV-20

0,8

0,6

CiCe

04

0,2 1

0 T T T
0 20 40 60 80 100
Thii gian (phiit)

120 140

Hinh 6. Sy phu thuéc C/C cuia TC theo th&i gian chiéu sang cla
céc vat liu g-C,N,, V,0, va CV-x. C_: ndng d6 TC ban dau; C: ndng

374 "275
do TC tai thoi gian t.

Két qua & hinh 6 cho thiy, khi so sanh 4 mau vat li¢u
g-C,N/V,0, v6i cac mau don g-C\N, va V,0,, thi CV-15
¢6 hoat tinh cao nhat trong ving khao sat. Cu thé, sau 120
phut xtr 1y, hi¢u qua phan huy TC trén g-C,N, va VO, lan
luot dat 56,48 va 51,79%. Trong khi do, CV 15 dat hleu suét
79,67%, con ddi véi CV-5, CV-10 va CV-20 do chuyen hoa
TC lan luot dat 65,60, 68,97 va 74,48%. Diéu nay cho thiy,
tit ca cdc vat liéu lai ghép g-C,N,/V,O, thé hién hoat tinh
cao hon so véi g- C3 » V,0; rleng le trong doé vat liéu co
hoat tinh quang xtc tac cao nhat v6i TC 1a CV-15. Diéu nay
l1a do sy hinh thanh g-C,N, trén V2Q5 daco tﬂac dung hiép trg
lan nhau, giup khac phuc nhugc diém tai t6 hop nhanh cta
g-C\N,vaV 0O, dan dén vat liéu lai ghép tong horp ¢6 hiéu
qué x1c tac quang cao trong ving anh sang nhin thiy.

Co ché phén hiiy chit hivu co trén g-C.N,/V,0,

Két qua thyc nghiém cho thay, khi c6 mat cac chat dap
tat BQ thi hiéu suat phan hiy TC trén CV-15 dat 42,03%,
khi str dung TBA thi hiéu suit dat 13,48%. Trong khi do, cac
chat dap tit EDTA, DMSO c¢6 hiéu sudt phan hiy TC cia
CV-15 lan luot 1a 59,87 va 64,13%. Piéu nay chimg t6, gbc
HO"va O dong mét vai trd quan trong trong qua trinh xtic
tac quang cua g-C,N,/V.O..

Khi g-C.N,/V O, duoc kich thich boi anh sang nhin thay,
dién tor sé tach kh01 16 trong trén Vung hoa tri cua g-C,N,,
chuyén tir viing hoa tri dén ving dan va tham gia phan tng
v6i O, hoa tan trong nudc sinh ra O3 (tic nhan chinh 6xy
hoa phan tir hitu co thong qua cac qua trinh trung gian ngay
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tai ving dan cua g- -C,N,), mot phan dién tir tir ving dén ctia
g-C.N, sé di chuyen xubng ving dan cua V,0,[13]. Trong
khi do khi bi kich hoat boi anh sang nhin thay, dién tu tu
vung hoa tri ctia V2O5 bi tach ra, di chuyén dén vung dan,
mot phan dién tir tir ving dan ctia V,0; ¢co thé chuyén sang
vung hoa tri cua g-C,N, han ché sy tal t6 hop cép dién tir -
16 trong theo kiéu hé Z Cac h,,"(V,0,) co6 the Oxy hoa truc
tiép H,O tao thanh HO" nho su phu hop vé thé 6xy ¢ ving
hoa tr1 cua V,0, (+2,69 V) la duong hon cua cdp H,O/HO®
(2,38 V), tac nhan HO' s& 6xy héa céc chat hitu co 6 nhlem
(hinh 7). Qué trinh quang xuc tc c6 thé biéu dién nhu sau:

g—CN,+hv—>e,(g—CN,)+h,(g—C,N,)
V,05 + hv - ez (V,05) + hifp(V205) e, (g —C,N,)+ 0, - O}
hit5(V,05) + H,0 — HO' + H'

Oy +H" > HO;

e +HO, +H' - H,0,
e +tH,0,+H" — "OH+ OH

TC + (I, (g —C,N,), " OH) — CO,+ H,0

g-G3N,

CO,+H,O+...
h+
TC

Hinh 7. Co ché dé nghi cho qua trinh phan hiy TC trén CV-15.

V205

Vit liéu quang xuc tac g-C,N,/V O, tong hop c6 kha
ning hép thy manh anh sang kha klen s0 v6i timg hop phan
g-C.N, va V. O, riéng le. Két qua khao sat su phan huy TC
tren xUc tac g- C N,,V,0,vag-C\N,/V,0,cho thay, hiéu qua
phan huy TC tren Vat heu lai ghep g- C N /V,0,dat 79,67%
sau 120 phut chiéu sang, cao hon so véi g- C N (56,48%)
va V,0,(51,79%) trong vung anh sang kha klen nho han ché
sy tal to hop nhanh cap dién tr va 16 tréng quang sinh. Diéu
nay cho thay, tiém nang ung dung hé vat liéu lai ghép dang
Z trong xir Iy nude chtra cac chat hitu co 6 nhidm khé phan
hiy n6i chung va chat khang sinh noi riéng.

LO1 CAM ON

Nghién ctru nay dugc tai trg boi Truong Dai hoc Cong
nghiép Thyc pham TP H6 Chi Minh. Céac tac gia xin chan
thanh cam on.
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Cam bién huynh quang d9 nhay cao dé phat hién ion AI*
dua trén phirc chat Eu(I1I)-p-dixeton

Pinh Thi Hién", Phan Thi Mai Hwong, Nguyén Dirc Manh, Nguyén Luu Tung Quén
Khoa Hoa hoc, Truong Pai hoc Su pham Ha Noi
Ngay nhan bai 10/9/2021; ngay chuyén phan bién 15/9/2021; ngay nhan phan bién 13/10/2021; ngay chip nhan dang 19/10/2021

Tom tit:

Céu tric ciia cac phire chit Eu(IIT) dwoc xac dinh bang phwong phap nhiéu xa tia X don tinh thé. Két qua cho thiy,
cAc phirc chét nay ton tai duéi dang phire di nhan Eu(III)-Na(I), trong d6, ion Eu®* dwge phdi tri véi 8 nguyén tir dxy
cua 4 ph61 tir p-dixeton. Phirc chit Eu-Na monomeric xuét hién dai phat xa mau dé véi hiéu suét lwong tir 1én dén
47,5% tai A x—370 nm. Nhom nghién ciru da thiét ké thanh cong quy trinh dwa cac anion cta phirc chat Eu(III) Ién
nhua trao doi ion dé tao thanh vat liéu Resin-EuTFNB (RE1) va Resin-EuTFPB (RE2). Cac vit li¢u tong hop dugc
¢6 cwong do phat quang manh hon cac phire chit ban diu nho loai bé dung méi ph01 tri trong phirc chit. Buéc dau,
sir dung cac vat liéu nay dé phat hién sw c6 mit ciia ion AP* tai cac nong d thip. RE1 va RE2 déng vai tro nhu mot
cam bién huynh quang dua trén co ché bit - tit. Trong twong lai, cAc tac gia hy vong hé vat liéu nay c6 thé phat hién

ion APF* trong hé sinh hoc.

Tir khéa: cam bién huynh quang, phé huynh quang, phirc chit dat hiém.

Chi s6 phén loai: 2.4

- £ by
Dat van de

Viée dua vao co thé con ngudi mot luong 16n nhom c6 thé
gy ra bénh thiéu mau, chimg nhuyén xuong, sy khong dung nap
glucose va ngung tim. Gan ddy, nhom dugc xem 1a nguyén nhan
gy ra tinh trang bénh 1y (bénh ndo, xwong, chimg thiéu mau) c6
lién quan dén diéu tri tham tach. Ngoai ra, nhom 1a mgt nhan t6
g6p phan vio viée gy ra cac bénh suy thoai than kinh, trong d6 co
bénh Alzheimer (sa st tri tué 6 ngudi cao tudi). Theo TH chirc Y
té thé gioi, ham luong nhom trung binh nap vao co thé con ngudi
chi khoang 3-10 mg/ngay va c6 thé dung nap hang tuan t6i da 1a 7
mg/kg trong lugng. Do d6, viéc nghién ctru dé tim ra mot phuong
phap nhanh, don gian, gia thanh thap va hiéu qua trong phat hién
ion APP* 1a v ciing can thiét [1, 2].

Phuong phap cim bién huynh quang hién nay la mot trong
nhirmg phuong phap dugc st dung pho bién dé phat hién cac cation,
anion va phan tir nho trong co thé séng. Uu dlem cua phuong phap
nay la don gian, gia thanh thap, thAm nhap t6t, do nhay cao va tin
cdy 16n. Nhiéu cong trinh nhan biét ion A" dya trén cac cht hitu
co ¢6 kha nang cam bién huynh quang da dugc cong b6 trén thé
gidi. Tuy nhién, loai cdm blen huynh quang nay c6 nhuoc diém la
hiéu suat luong tir thap, tong hop phirc tap va do tan trong nudc
kém, nén khong thich hop dé sir dung trong cac té bao song. Dé
khic phuc nhuoc diém trén, cam bién huynh quang nhan biét ion
AP dya trén vat liéu MOF (khung hitu co - kim loai) da dugc cong
bé v6i wu diém vuot troi 14 ¢6 do nhay cao (10 nM), d6 chon loc
tot, thorl gian nhin biét nhanh (2 phat). Méc du vdy, phuong phap
nay van con ton tai diém yeu tong hop qua nhiéu giai doan va hiéu
suét quang thap. Phirc cht B-dixeton dat hiém Eu(IIT) thu hut duoc

“Tac gia lién hé: Email: dth0104@gmail.com
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su quan tam cua nhiéu nha khoa hoc do c¢6 d6 bén 16n, hiéu suit
luong tir cao va khi thay d6i cdc nhom thé trong phdi tir dan dén
tang d tan trong nuée. Cam bién huynh quang dua trén phire chat
cia Eu(IIl) dugc phat trién dé co thé tmg dung phat hién cation,
anion trong co the song. Hién nay, trén thé gl()’l c6 mot 56 cong
trinh cong bé vé phirc chat cua Eu(IIT) nhan biét cation kim loai
nhu Cu*, Zn*, Fe*'... Tuy nhién, rt it cong trinh aé cap dén cam
bién huynh quang dua trén phirc chat Eu(IIT) dé phat hién ion APt
trong co the song [3-6]. Dic biét, viéc dua phirc chat 1én vat liéu
bén, do xop cao la mot trong nhimg giai phap dot pha gitip lam bén
phirc chét, ting hiéu sudt luong tir va thudn tién trong tmg dung
thyc tién. Vi vy trong cong trinh nay, ching t6i tién hanh: “Thiét
ké cam bién phat hién ion AI** d6 nhay cao dua trén phitc chat phat
quang Eu(III)-B-dixeton”.

Thuc nghiém

Tong hop phikc chit hai nhin kim loai Eu(Ill)-Na(l) voi
phoi tir benzoyltrifloaxeton (HTFPB) va 2-naphthoyltrifloaxeton
(HTFNB)

Quy trinh tong hop céc phitc chat hdn hop duoc thyc hién nhu
sau:

Budc 1: hoa tan 1 mmol mubi EuCl .6H,0 vao 30 ml CH,OH
(cbe 1).

Budc 2: hoa tan hdn hop gdm 5 mmol HTFNB/HTFPB va 5
mmol NaOH trong 20 ml CH,OH (cdc 2).

Budc 3: b tir tir coe 1 vao cde 2, vira d6 vira khudy déu dung
dich trén mdy khuay tur.
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A highly sensitive fluorescent sensor
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Eu(III)-p-dicetonate complexes
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Abstract:

The structure of the Eu(IIl) complexes were determined
by single-crystal X-ray diffraction. The results showed
that these complexes exist as a heteronuclear of Eu(IIl)-
Na(I) in which ion Eu** is coordinated through eight oxygen
atoms of four B-dixetone ligands. The authors found that
the monomeric europium-sodium complex displays a very
strong red emission with a quantum yield up to 47.5% at
A_=370 nm. The authors have successfully designed a simple
process to put the Eu(III) complexes on anion exchange resin
to create Resin-EuTFNB and Resin-EuTFPB materials.
The products have a luminescent intensity that is stronger
than that of the precursor complexes due to the removal
of the coordination solvents in these complexes. Initially,
using these materials to test the ability to recognise AF" ion
at low concentrations, Resin-EuTFNB and Resin-EuTFPB
played a role as a sensing chemosensor based on turn-off
mechanism. In the future, they are expected to detect AF*
ion in the biological system.

Keywords: chemosensor, photoluminescence spectroscopy,
rare earth complex

Classification number: 2.4
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Budc 4: khudy dung dich thu dugc trong thoi gian 4 gio. Sau
d6, dé dung dich bay hoi cham ngoai khong khi.

Budc 5: tinh thé phirc chét Eu-TFNB-Na va Eu-TFPB-Na thu
dugc sau 4-5 ngay. Hi¢u suat phan tng 90%.

So dd tong hop phtrc chat:

HTFNB
O KE
1 I F
OO 5 Eyu-TFNB-Na
MeOH
EuCl; + NaOH HTFPB
SO
i F
OO 5 FEu.TFPB-Na
MeOH
TAP CHI
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Thiét ké vit ligu phdt quang dwa trén phirc chiit Eu-TFNB-
Na va Eu-TFPB-Na di tong hop dwoc

Quy trinh tong hop vat lidu phat quang nhu sau:

Bugc 1: ngdm 3 g nhya trao doi ion Resin trong 30 ml dung
dich muo6i NaCl 1 M trong 24 gio. Tién hanh loc gan va rira sach

hat nhua thu duge nhiéu lan béng nuée cét hai lan, séy kho &
600°C trong vong 2 gid (hinh 1).

ClJ thay thé OH-

OH OH OH OH OH OH" OH" QH" QH QH" QH" OH' il

el ddddddidabi

‘ Nhya trao déi anion |

Hinh 1. So’ d6 diéu ché vat liéu RE1 va RE2 (bwéc 1).

Budc 2: can 10° mol phitc chit Eu-TFNB-Na/Eu-TFPB-Na
hoa tan trong 30 ml hon hop dung moi etanol/nude ty 1& 1:1. Sau
do, chuyén toan bo luong nhya thu duge & bude 1 vao cde chira
phirc chat, ngim trong thoi gian 6 gio. Tiép theo, loc gan thu toan
b9 hat nhua, san pham thu dugc dugc rura nhiéu Ian bang nudc cat
hai 14n va 1am kho trong binh hit a am, ky hiéu vat li¢u thu dugc lan
luot 1a RE1 va RE2 (hinh 2).

pht

moa T
pht pht pht pht Cr cr cu L, |pht = [Eu(TFNB)]/

B [Eu(TFPB)4]" s& thay
TTPTTTY |lwe

Hinh 2. So’ db didu ché vat lieu RE1 va RE2 (bwéc 2).

Phwong phdp nghién ciru

Phd hong ngoai dugc ghi trén may FTIR 8700, trong ving
400-4.000 cm™!, theo phuong phap ép vién KBr tai Vién Hoa hoc,
Vién Han lam Khoa hoc va Cong nghé Viét Nam.

Dit liéu nhiéu xa tia X don tinh thé cua phuc chét duge do trén
may nhiéu xa tia X (STOE IPDS 2T) & nhiét d6 200 K tai Khoa
Hoéa hoc, Truong Dai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia
Ha Noi. Céu tric dugc tinh todn va tdi uu hoa bang phan mém
SHELXS-97.

Phd huynh quang (PL) ciia cac dung dich phirc chat Eu(III) ¢6
nf”)ng d9 10° M duogc do tai Vién Vit ly, Vién Han lam Khoa hoc
va Cong nghé Viét Nam bang quang pho ké Model-SP-2558 cua
Acton Research trong dung moi metanol.

Két qua va thao luan
Pho héng ngoai

Phd héng ngoai cta phuc chét dai dién Eu-TFNB-Na dugc thé
hién & hinh 3. Trén pho hong ngoai cac phirc chét xuat hién cac
van hép thu tir 1.611-1.615 cm trong cac phitc chit cho dao dong
ctia nhém C=0 cua phdi tir HTFPB va HTFNB. Khi tao phtrc véi
ion dét hiém, dao dong hoa tri ctia nhom C=0 dich chuyén vé ving
¢ s6 song cao hon so voi phéi tir. Nguyén nhan chinh Ia do hiéu
{mg lién hop = trong vong thom cta nhom thé phenyl, naphtalen
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va glixeton cua phéi te HTFNB, HTFPB. Dic biét, trén 2 phé déu
xuat hién van hap thy ¢ khoang 3.446 cm' cuong d§ manh, gia
thiét duoc dua ra ¢ day la trong phirc chat c6 nhom -OH phoi tri.

101
100

%T

55 344684 53290
50,

4000 3500 3000 2500 2000 1 1500 1250 1000 750
cm

500 400

Hinh 3. Phé IR cla phirc chat Eu-TFNB-Na.
Nhiéu xa tia X don tinh thé

(A) (B)

Hinh 4. C4u trac tinh thé phirc chat Eu-TFNB-Na (A) va Eu-TFPB-
Na (B).

Bang 1. Mot sé thong tin vé céu tric cua tinh thé Eu-TFNB-Na
va Eu-TFPB-Na.

Chit Eu-TFNB-Na Eu-TFPB-Na
Cong thire C, H, .EuF, NaO | C,H,EuF NaO,,
M (g) 1.467,02 1.119,66
Hé tinh thé Orthorhombic Orthorhombic
a(X) 12,6863 (5) 11,5622 (7)
b (&) 22,6585 (7) 25,9122 (13)
c(X) 22,5121 (8) 15,7206 (9)
0 (%) 90 90
B () 90 90
Y () 90 90
V (&%) 6.471,2 (4) 4.709,9 (5)
Nhom diém khong gian ~ Pben Pben
Sb phan tit/6 co so 4 5
R/WR, 0,0483/0,0871 0,0584/0,1173
TAP CHI
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Phuong phap nhidu xa tia X don tinh thé 1 mot phwong phap
hién dai, khang dinh chic chin ciu triic cac phirc chét tong hop. Két
qué céc phure chit Eu(III) chi ra trong hinh 4 va bang 1 cho thiy,
cac phirc chat ny ton tai dang anion, trong d6 ion dat hiém Eu’* co
s6 phoi tri 8 lién két véi 4 phdi tit HTENB/HTFPB thong qua cac
nguyén tir xy. Cdu ngoai phtrc chit co sw xuét hién cua ion Na*
lién két voi 2 nguyén tir flo ctia 2 phdi tir HTENB/HTFPB va lién
két v6i céc nguyén tir 6xy ctia dung mi phdi tri nho luc trong tac
tinh dién. Dic biét, voi hai phdi tir trong ciing mot ho p-dixeton,
két qua nhom nghién ctru thu duoc véi hai cau trac khac nhau.
Truong hop ctia Eu-TFNB-Na xay ra qué trinh thity phan mot phdi
tir trong moi truong kiém tao san pham 1-axetylnaphthalen theo
co ché Retro-Claisen, con Eu-TFPB thi khong. Bén canh do, phuc
chat Eu-TFNB-Na v6i su xuat hién ciia 1-axetylnaphthalen thay
thé mot phén tir nude phoi tri voi ion Na* hira hen s& ting kha ning
phat quang cho phirc chat.

Phé huynh quang PL

Phé huynh quang phitc chat Eu(II)-Na(I): phd huynh quang
cua hai phuc chit Eu-TFPB-Na va Eu-TFNB-Na dugc do tai buge
song kich thich A=370 nm trong dung mdi chloroform, hiéu suat
luong tir quang dugc xac dinh thong qua chit chudn Rhodamine
640.

150 P ——EUTFPB-Na
EUTFNB-Na

Cudmng db (a.u)

'\
oL o N |

. T T T T
500 550 600 650 700
Budc song (nm)

Hinh 5. Anh phat quang va phd huynh quang ctia phirc chat Eu-
TFPB-Na va Eu-TFNB-Na.

Két qua do cho thiy, phd huynh quang cia cic phirc chit
Eu(1IT) du xuét hién dai chuyén co cuong do cao tai A=612 nm,
ung voi dinh phat xa mau do cua ion Eu**. Gia tri hi¢u suat luong
tir do duogc khi so sanh Rhodamine 640 voi phirc chat Eu-TFNB-
Na va Eu-TFPB-Na lan lugt 1a 0,47 va 0,07. Phitc chit Eu-TFNB-
Na c6 hiéu suét luong tr cao hon Eu-TFPB-Na va cao hon 2,4 lin
$0 voi cac phuc chét cua Eu(IIl) da duoc cong b6 [6]. V6i cac két
qua huynh quang thu dugc mo ra trién vong tmg dung cac phirc
chét vao thue tién.

Phé hupnh quang ciia vt liéu REI va RE2: phd huynh quang
ctia vét liéu khi dua hai phirc chat Eu-TFNB-Na va Eu-TFPB-Na
(RE1 va RE2) dugc do tai budc song kich thich =370 nm. Két qua
huynh quang thu dugc cta miu tring va vét lidu khi dua cac phirc
cua Eu(III) dugc thé hién ¢ hinh 6.
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Hinh 6. Anh va phé phat quang ctia RE1 va RE2.

Két qua phd huynh quang vat liéu chi ra mau trang Resin (nhya
trao doi ion) khong phat quang, hai mau vét liéu RE1 va RE2 phat
quang voi cudng do rat manh, trong dwong véi cuong do cua phirc
chat Eu(IIT) lac dau. Trong d6, dai chuyén c6 cuong do 16n tai
1=612 nm, (ing ding dinh phat xa mau do cua ion Eu**, cuong do
huynh quang ctia RE1 cao hon cua RE2 khoang 1,5 lan. So sanh
cuong do huynh quang cua cac phire chat du va phic chat dua lén
nhya trao d6i ion cho thiy, cuong do huynh quang ting 1én, nhét
14 dbi voi truong hop Resin-EuTFPB. Dit liéu phd huynh quang
thu dugc 1a co s ching minh anion [Eu(TFNB/TFPB)]- da duoc
dua lén vat ligu. Khao st tinh bén chit ctia phite chat trén vat lidu
bing céch: rira vat liéu RE1 va RE2 nhiéu lan trong dung moi tan
phitc chat 1 etanol. Kiém tra dung dich rira bang dén tir ngoai tai
budc song chiéu A=365 nm, két qua cho thay dung dich khong phat
quang.

Khdo sdt khd nang phdt hién ion AP* ciia vit ligu RE1va RE2

Tién hanh do cuong d6 quang cua vat liéu RE1/RE2 trong céc
dung dich nuéc chira 1an luot cac ion kim loai n6ng do 10°M: Zn*,
Co?, Pb¥, Fe**, Cr¥*, Na*, Mn¥, Cu®’, Mg*, Ni%*, AI* va c4c hon
hopion AI**, Na™; AP*, Na', Fe*"; AP*, Mg?", Na", Fe**. Két qua phat
quang dudi dén tir ngoai budc song A=365 nm va cuong d6 huynh
quang tai budc song kich thich A=370 nm duoc thé hién & hinh 7.

10000
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Hinh 7. Hinh anh va cwo'ng dé huynh quang khi c6 mat cac ion kim
loai cua vat liéu RE1/RE2.

So sanh cudng d huynh quang clia cac mau vat lidu khi test
thtr véi cac ion kim loai khac nhau, két qua dua ra chi ¢6 ion AI*
lam tit phat quang ctia vat liéu. Nhu vay, vat ligu RE1 va RE2 déu
c6 kha ning cam bién quang kiéu “bit - tit” khi c6 mat ion Al
ndng d6 104 M.

Tién hanh do cuong do huynh quang ciia cac miu vét liéu RE1/
RE2 theo nong d9 ion AI** va lugng nhya. Két qua duge thé hién
0 hinh 8.
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Hinh 8. Cwong dé huynh quang theo néng dé AP* (A) va theo
lwong nhwa (B).

Qua khao sat vé d6 chon loc ion, nf‘)ng dd ion AI**, lugng nhya
61 wru cia vt liéu dé phat hién ion AP 13 0,1 g, ndng do phat hién
ion AI** nho nhét trong cac nong do cho dap tmg 1a 10°M trong
thoi gian 1 phit.

P tong hop va nghién ciru thanh phan cau tric hai phic chat
Eu(III). Két qua nghién ctru huynh quang cho thdy, cic phirc chat
phat quang mau do tmg v6i dinh phat xa tai A=612 nm, hiéu suét
luong tir cao so v6i cac phirc chit Eu(Il) da dugc cong b, trong
d6 phtrc ciia Eu-TFNB-Na phat quang manh hon Eu-TFPB- Na.

Thiét ké thanh cong quy trinh don gian dua phiic chat Eu(III)
1én nhya trao doi anion tao vat liéu Resin-EuTFNB va Resin-
EuTFPB, phiic chét bén trén vat liéu, cuong do phat quang manh
hon nhiéu phirc cht dau do loai bo dung mdi phoi tri.

Vat li‘éu Resin-EuTFNB va Rqsin-EuIFPB nhan biét nhanh jon
AP* c6 nong d6 10 M theo co ché cam bién quang dang “bat - tat”.

LO1 CAM ON

Nghién ciu ndy dugc hoan thanh trong khudn kho @& tai
NAFOSTED, ma s6: 104.03-2020.12. Cac tac gia xin chan thanh cam on.
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Toi wu hoa quy trinh phan tich dong thoi phenol va mot so din xuat clophenol
bang phwong phap dién di mao quén sir dung detector huynh quang
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2Trung tam Nghién citu Cong nghé Moi trieong va Phdt trién bén ving (CETASD), Trueong Dai hoc Khoa hoc Tw nhién,
Dai hoc Quéc gia Ha N¢i

Ngay nhédn bai 9/9/2021; ngay chuyén phan bién 13/9/2021; ngay nhan phan bién 11/10/2021; ngay chép nhén ding 15/10/2021

Tom tit:

Nghién ctru trinh bay cic diéu kién t6i wu dé phén tich dong thoi phenol va 4 din xuit clophenol biang phwong phap
dién di mao quan (CE) véi ky thuat do gian tlép bflng detector huynh quang cim tng laser (LIF). Qua trinh phan
tach dién ra trong 20 phiit véi dung dich dién ly nén (BGE), gom borax 5 mM (pH 9,75), fluorescein 1 mM, dién thé
tach 17 kV va thoi gian bom mau 120 gidy. Tai cac diéu kién tdi wu, gi¢i han phat hién (LOD) thu dugc dédi véi cac
hop chét phenol nam trong khoang 0,08-0,23 mg/l, d§ 1ap lai va tai lip nhé hon 8% (‘101 véi ca thoi gian di chuyen
va dién tich pic tin hi€u. Quy trinh phan tich da dugc ap dung dé xac dinh dong thoi nong do cac hop chit phenol
trong mdt s6 miu nuwéc mit va nwéce thai véi hiéu suét thu hoi (H%) 59,4-102,5%.

Tir khéa: clophenol, dién di mao quan, do gian tlep, huynh quang cam wng laser, phenol.

Chi s6 phén loai: 2.4

- £ X
Dét van dé

Ngay nay, 6 nhiém méi truong da tro thanh vén dé toan cau,
xay ra khong chi ¢ cac qudc gia dang phat trién ma ngay tai ca cac
qudc gia phat trién. Trong do, phenol 1a mot trong nhing ddi tuong
gdy 6 nhiém hang dau véi san luong wéc tinh khoang 3 triéu tin/
ndm trén toan thé giéi [1]. Phenol va cac dan xuét ciia chiing con
1a san phém phat sinh cua nhiéu nganh cong nghi¢p nhu luyén cdc,
dét nhudm, san xut giéy. .. [2]. Khi bi thai ra ngoai moi truong,
céc hop chat phenol khong chi dugc biét dén 1a cac hop chét twong
ddi bén, ton tai lau dai ma chiing con 1a nhém hop chét ¢6 doc tinh
cao, gy nguy hiém dén sinh vat va con ngudi [3, 4].

Quan ngai vé sy nguy hai cua céc hop chit phenol, Co quan
bao vé mdi truong My (USEPA) da dua 11 hop chat phenol vao
danh sach cac chat gy 6 nhidm duoc quan tim dic biét boi kha
nang hinh thanh trong nu6c thai cong nghiép va anh huong cua
ching dén hé sinh thai, sinh quyen Khong chi vay, nhiéu qudc gia
va to chirc moi truong trén thé gi01 da dua ra cac quy chuan nhim
gi6i han ham lugng cac hop chat phenol, giam thiéu nguy co cia
chang t6i stic khoe con ngudi. Trong nude udng, giéi han ham
luong phenol cua USEPA va T6 chirc Y té thé gioi (WHO) quy
dinh du6i 1 pg/l, Hoi dong chau Au quy dinh duéi 0,5 pg/l [1].
Trong nudc thai, QCVN 40:2011 da dua ra giéi han ham luong
phenol trong nude thai khong qué 0,5 mg/1 [5].

V6i myc tiéu phan tich xac dinh dong thoi cac hop chét phenol,
TCVN 7874-2008 [6] khuyén céo sir dung phuong phap sic ky
khi GC két hop voi detector ion hoa ngon lira (FID) hodc detector
bat gitr dién tir (ECD). Day 1a phuong phap ¢4 uu diém noi bat
vé d6 nhay nhung chi phi phén tich twong ddi cao va doi khi can
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tién hanh dan xuét hoa mau phtec tap [7]. Giai phap khac kha hiéu
qué 1a ap dung phuong phép sic ky long hiéu ning cao HPLC st
dung detector quang hodc khdi pho [8-13], nhung phuong phap
nay ciing c6 chi phi phan tich cao vi thuong phéi dung pha dong c6
d0 tinh khiét cao nhu acetonitril.

Ngoai cic phuong phap néu trén, CE ciing duoc biét dén 1a
phuong phap ¢6 cac wu diém nhu ky thuat tach don gian, luong
méu nho, chi phi phan tich tiét kiém va co thé cho két qua phan
tich trong tw cac phuong phap tiéu chudn [14]. Trong nghién ciru,
dbi twong phan tich 14 cac hop chét phenol ¢6 dic tinh dién (kha
nang phan ly trong nudc thanh cac ion phenolat) s€ thuan loi khi
st dung CE nhu 1a mot phuong phép tach chét. Do do, di co nhiéu
nghién ctru trén thé gidi sir dung phuong phép nay két hop voi cc
loai detector nhu: hoa phat quang [15], UV-Vis [14, 16-18], huynh
quang [19] hay dién hoa [20] dé phén tich cac hop chét phenol.
Trong d6, nghién ctru st dung phuong phap CE két hop véi do
huynh quang gian tiép mang lai nhimg wu diém vé kha ning phan
tich dong thoi cac hop chat phenol voi giéi han phét hién cia céc
hop chét phenol trén thiét bi trong ddi thap (0,01-0,75 mg/l) [19].
Mit khéc, ciing c6 mot s6 nghién ciru trong nudce da xdy dung quy
trinh phén tich phenol trong moéi truong [14, 21, 22], nhung chua
c6 nghién cu nao st dung phuong phap CE voi detector huynh
quang ciing nhu chua thyc hién v6i d6i tugng clophenol. Do vay,
nghién ctru nay da st dung phuong phap CE két hop véi LIF (CE-
LIF) dé phan tich cac hop chit phenol, cu thé 1a phenol va 4 hop
chat clophenol thugc nhom priority phenols: 2-clophenol (2-CP),
2,4-diclophenol (2,4-DCP), 2,4,6-triclophenol (2,4,6-TCP) va
4-clo-3-metylphenol (4-C-3-MP).
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Abstract:

This work presented a capillary electrophoresis method
with indirect laser-induced fluorescence detection for
the simultaneous determination of phenol and four
chlorophenol derivatives. The separation was obtained
within 20 minutes withabackground electrolyte composed
of 5 mM borax and 1 mM fluorescein (pH=9.75), 17 kV
of applied voltage, and 120 s of hydrostatic injection.
At the optimal conditions, the limit of detections for
phenolic compounds was in the range of 0.08-0.23 mg/1,
and the RSD data of repeatability and reproducibility
were less than 8.0% for both migration times and peak
areas. This developed method was applied to analyse
concentrations of phenolic compounds in surface water
and wastewater samples, with the recoveries ranging
from 59.4 to 102.5%.

Keywords: capillary electrophoresis, chlorophenol,
indirect, laser-induced fluorescence, phenol.

Classification number: 2.4

Thuc nghiém
Thiét b va héa chit

Thiét bi: nghién ctru sir dung hé thiét bi CE tu ché tao, thao tac
bang tay (CE manual) cia CETASD, Truong Pai hoc Khoa hoc Ty
nhién, Pai hoc Qudc gia Ha N§i [14] vai detector LIF Zetalif LED
480 (Adelis, Phap). Detector co budc song kich thich ¢ 480 nm va
phat xa 1a 515 nm. Hé thiét bi st dung mao quan silica nong chay
dudng kinh trong 75 um, duong kinh ngoai 375 pm, chiéu dai tong
95 cm va do dai hiéu dung 80 cm. Trude mdi ngay phan tich, mao
quan duoc hoat héa bing quy trinh rira tuan tu v6i cac dung dich
HC10,1 M, NaOH 0,1 M, nudc deion va BGE trong 20 phut tuong
{mg v6i mdi loai.
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Cac thiét bi phan tich phu trg: méay do pH va do dan dién hién
truong HQ40d (HACH, My), can phan tich 4 so AE 200 (Mettler,
Thuy Si) va may rung Vortex G-560F (Scientific Industries, My).

Héa chat: cac chat chuan phenol, 2-CP, 2,4-DCP, 2,4,6-TCP
va 4-C-3-MP c6 d¢ tinh khiét >99,5% dugc mua tir Hing Merck
(buc) va Sigma-Aldrich (My). Borax decahydrate 98%, natri
hydroxit 97%, axit clohydric dac 37% (Merck, Ptrc) duge str dung
dé chuan bi cac BGE va cac dung dich hoat hoa mao quan. Chét
phat huynh quang fluorescein dugc mua tur Shanghai Zhanium
Chemical (Trung Qudc). Nude deion duge ldy tir may loc nudc
tinh khiét c6 dién tro 18 MQ, Milipore - Simplicity UV (Phap).

Céc dung dich chuén gdc 1a cac chuan don 1¢ véi nong do cia
phenol, 4-C-3-MP, 2-CP, 2,4-DCP va 2,4,6-TCP lan luot la 1.925,
1.725, 200, 1.225 va 500 mg/l duoc chudn b tir cac chat rén tinh
khiét trong tmg. Céc dung dich chudn hdn hop trung gian c6 nong
d6 mdi hop chat phenol 1a 100 mg/l duoc pha lodng tir dung dich
chuan gbc, dung dich nay duoc st dung dé chuan bi cac dung dich
1am viéc ¢6 ndng do thip hon. Cac BGE vdi thanh phan tetraborat
duoc diéu chinh t6i pH mong mudn bing cach thém dung dich
NaOH va bd sung chat phat huynh quang fluorescein. Tt ca cac
dung dich chuan va BGE déu dugc bao quan lanh ¢ 4°C va tranh
anh sang.

Phuong phdp nghién ciru

Céc diéu kién phan tich ctia quy trinh trén hé thiét bj CE-LIF
duoc khao sat va toi wu theo phuong phép i wu lan lugt timg yéu
t6 - khao sat bang cach giir ¢6 dinh yéu t6 da lya chon dé tiép tuc
khio sat yéu td khac. Trong do, cac diéu kién phan tich duoc ¢b
dinh gom ndng do chuin hdn hop phenol, 4-C-3-MP, 2-CP, 2,4-
DCP va 2,4,6-TCP 1a 10 mg/l. Cac yéu 6 duoc lan lugt khao sat
bao gém néng d¢ borax, fluorescein, pH BGE, di¢n thé tach va thoi
gian bom mau (bang 1).

Bang 1. Kh’oéng khao sat diéu kién phan tich cac hop chat phenol
trén hé thiet bi CE-LIF.

Didu Kkién khao sat Don vi tinh Khoang khio sat
Nbng d6 borax nM 1-20
pH BGE 9,5-10,5
Néng d fluorescein uM 250-1.250
Dién thé tach kV 15-19
Thoi gian bom mau gidy 60-120
Danh gia phwong phdp

Sau khi t6i wu quy trinh phan tich, cac thong s danh gia phuong
phép dugc xac dinh dé xac nhan hidu qua cta quy trinh nhu: LOD,
gi6i han dinh luong (LOQ), khoang tuyén tinh va duong chuan,
do6 chum (lap lai, tai 18p lai), d§ dung (H trén céac nén mau thuc).

Ldy méu va xir Iy méu
Mau thyc gém 3 mau nudc mat (NM1, NM2, NM3) dugc léy

trén dia ban TP Ha N¢i. Trong d6, NM1, NM3 lan luot 1a mau
nudc ¢ ho An Binh (Bac Tu Liém), ho dieu hoa Mai Dich (Cau
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Gidy), con NM2 duogc lay tir song Nhugé (6 vi tri chan cau Dién).
Céc mau nuée dugc 1y ¢ vi tri khoang 20-30 cm du6i bé mit va
cho vao binh dung mau sach t6i mau va c6 thé loc thd néu mau
nhiéu van duc. Sau khi mang vé phong thi nghiém, mau duogc bao
quéan lanh ¢ 4°C, tranh 4nh sang va duoc loc qua gidy loc véi mang
loc c6 dudng kinh 16 0,2 um trude khi phén tich.

Keét qua va thaoluan

Xdy dung quy trinh phén tich cic hop chit phenol trén h¢
thiét bi CE-LIF

Khdo sat anh hwong ciia nong d¢ BGE: cac BGE véi thanh
phan tetraborat 1a nhitng BGE thudng dugc sir dung trong céc phan
tich bang phuong phap CE sir dung detector quang (UV hodc LIF),
bao gbm cd nhimg nghién ciru xdc dinh céc hop chat phenol [17-
19]. Do d9, cac BGE tur dung dich tetraborat tlep tuc duoc lya chon
lam dung dich BGE, trong d6 nong d6 borax dugc khao sat trong
khoang 1-20 mM véi céc gia tri lan lugt 1a 1, 5, 10, 15 va 20. Gia
tri pH cta cac dung dich nay duoc giir ¢b dinh & muc 9,75 va bd
sung fluorescein nong do 1 mM.

1 mM
5mM
10 mM
3)(4)®
l L 15 mM
Q)] .
2) )
20 mM
T T T T
500 1000 1500 2000
Thoi gian di chuyén (s)
(1) Phenol  (2) 4-C-3-MP  (3) 2-CP (4)2,4-DCP  (5) 2,4,6-TCP

Hinh 1. Gian dé dién di khao sat anh hwéng cia néng dé borax
dén tin hiéu phan tich.

Tir gian d6 dién di & hinh 1 cho thay, khi ting nong do borax
thi pic ctia cac hop chit phenol dan tach ra khoi nhau do ndng do
borax ting, dan t6i ting do nhét cua BGE lam cho do linh dong
dién di cua chat phan tich giam, céc chat di chuyén cham hon
va dan tach ra khoi nhau. Tuy nhién, chi cac diéu kién borax c6
ndng do 5-15 mM cho kha nang tach dugc dong thoi ca 5 hop chat
phenol. Diéu kién nong do borax 5 mM cho dién tich pic ciia 5 hop
chit phenol 16n nhét va dugce lya chon.

Khdo sdt anh hwong ciia pH: céc hop chat phenol déu 1a axit
yéu nén pH ciia BGE duoc lya chon khao sat 13 cac gia tri pH
cao (>9,5) dé khong chi cac hop chat phenol chuyén hoa vé dang
anion phenolat ma con tan dung dong EOF nham 16i cudn cac ion
phenolat nay di chuyén vé phia cyc am ciia mao quan (ky thuat
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phan cyuc nguoc trong CE). pH cta dung dich BGE duoc khao sat
trong khoang 9,5-10,5; diéu chinh pH bé“mg cach thém NaOH vao
dung dich borax 5 mM dén khi dat duoc gia tri pH mong mudn va
b6 sung fluorescein nong do 1 mM. Céc gian do dién di thu duoc
trong khao sat nay duoc thé hién ¢ hinh 2.

[§3]

120 RFU

pH 9.5

pH 9,75

pH 10

pH 10,25

MWMV\W pHie?
T T T
500 1.000 1500
Thoi gian di chuyén (s)
(1) Phenol (2) 4-C-3-MP (3)2-CP  (4)2,4-DCP (5)2,4,6-TCP

Hinh 2. Gian dé dién di khao sat anh hwéng cua pH dung dich BGE
dén tin hiéu chat phan tich.

Céc hop chét phenol trong nghién ctru (ngoai trir phenol) déu
co gid tri pKa<9,5 (pKa phenol=9,95), nén trong cic didu kién
khao sat thi nhimg hop chat nay déu ton tai & dang anion phenolat.
Mit khac, két qua khao sat pH (hinh 2) cho thy, khi ting pH thi
thoi gian phan tich tang, d§ phan giai cua céc pic ting. Nguyén
nhan 1a do sy bd sung NaOH dé ting gi4 tri pH, dan i ting do
nhét ctia dung dich BGE va khién cho thoi gian phan tich dai hon.
Tuy nhién, chi c6 pH 9,75 1a xuat hién va tich dugc hoan toan 5
hop chét phenol nén gia tri nay dugc chon la diéu kién toi .

Khdo sat dnh hieong ciia nong do fluorescein: phenol va cac
dan xuat clophenol 1a nhing hop chat ¢6 kha ning phat huynh
quang kém. Do vdy, dé co thé phat hién bang detector LIF, cic
hop chét phenol thudng duoc dan xuat hod dé gan mot nhom phat
huynh quang manh (fluophore) hoac don gian hon la st dung k¥
thuat do gian tiép. ‘Trong k¥ thudt do huynh quang gian tiép, dung
dich BGE dugc bd sung mot chat ¢ kha ning phat huynh quang
manh nhu fluorescein, dan tdi tin hiéu huynh quang cua nén 16m,
khi c¢6 mat chat phan tich 1a cac hop chét phenol ¢6 tinh huynh
quang kém s& xuat hién pic ciia cac hop chat nay dudi dang am.
Luu ¥ ring, trong nghién ciru nay, cac pic tin hidu 4m néu trén da
dugc dao nguoc trong qué trinh xir Iy hinh anh dé thuan tién cho
viéc theo ddi va tinh dién tich pic bang phan mém.

Nong d6 fluorescein trong dung dich BGE dugc khao sat
trong khoang 250-1.250 pM, bao gdm cac gia tri: 250, 500, 750,
1.000 va 1.250 pM. Két qua trén hinh 3 cho thdy, khi ting nong
d6 fluorescein thi tin hi¢u cta cac pic phenol tang 1én. Tuy nhién,
khi tang nong d6 fluorescein ting dén 1.250 uM thi cac tin hiéu
nay dot ngot giam, nén diéu kién ndng do fluorescein 1a 1.000 pM
duoc lua chon.
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Hinh 3. Gian dé dién di khao sat anh hwéng cia néng do
fluorescein dén tin hiéu phan tich.

Khdo sat anh huong ciia dién thé tach: sau khi da t6i wu hod
cac diéu kién hod hoc (ndng do va pH cua dung dich BGE, nong
do fluorescein), dién thé tach 1a thong sd tiép theo duoc khio sat,
voi cac gid tri dién thé dat vao dién cuc phia dAu bom mAau lan luot
1a 15, 16, 17, 18 va 19 kV. Két qua thu duoc cho thay, khi ting
dién thé tach thi thoi gian xudt hién cta cac pic ngin hon, thoi gian
phan tich giam. Diéu nay la do khi ting dién thé tach thi cuong do
dién truong ting Ién, cac ion phenolat di chuyén nhanh hon trong
mao quan dén detector, do d6 thoi gian phan tich ngén hon. Tuy
nhién, khi dién thé tach ting ciing lam do phéan giai gitta céc pic
giam di. Diéu kién dién thé tach 17 kV duogc lua chon do vira thoa
mén yéu cu vé thoi gian phan tich ngén, vira dap tmg kha ning
tach pic tot.

Khdo sdt anh hiong ciia thoi gian bom mau: k¥ thudt bom
mau kiéu xiphong duoc sir dung trong khao sat véi thoi gian bom
mau ting dan tir 60 gidy, mdi gia tri khao sét tiép theo tang 1én 20
gidy. Khi tang thoi gian bom mau dén 120 gidy thi tin hi¢u phan
tich ting khong dang ké va khong con ty 1¢ v6i thoi gian bom mau.
Nguyén nhan do thoi gian bom méau qua dai xuat hién sy khuéch
tan ndng do va gian rong ving mau hoic luong mau di vao mao
quan di qua bao hoa 1am giam tin hiéu phén tich. Do d6, diéu kién
thoi gian bom mau tdi uu dugc lya chon la 100 gidy.

Danh gia phwong phdp phdn tich

LOD va LOQ: céc két qua duoc thé hién & bang 2 cho thay,
LOD cua cac hop chat phenol trong khoang 0,08-0,23 mg/l va
LOQ 12 0,28-0,76 mg/l. Cac két qua nay déu nho hon so véi quy
dinh vé tong phenol trong nu6c thai theo QCVN 40-201 I/BTNMT
(<0,5 mg/l) [5] cho thay, quy trinh phan tich da phat trién c6 thé ap
dung dé phan tich don 1& 5 hop chat phenol nay trong nudc thai.
Ngoai ra, LOD cua phuong phéap vdi phenol (0,08 mg/l) thap hon
50 v6i két qua trong mot nghién ctru khac ma nhom tac gia di thuc
hi¢n bang phuong phap CE-UV (LODph ol oy~ 0-33 mg/l) [14].
Vi thé, néu 4p dung k thudt xir ly mau phu hop thi CE-LIF hoan
toan ¢ thé cho két qua twong duong hodc t6t hon phuong phap
tiéu chuan theo TCVN 7874:40 [6], twong tu nhu nghién ctru da
duge thuc hién trude d6 trén thiét bi CE-UV.
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Bang 2. Théng s6 LOD, LOQ va dé chum.

Chit LOD LOQ RSD,(%) RSD, (%) RSD (%) RSD,(%)
phan tich (mg/l) (mg/ll) n=8 n=8 n=4 n=4
Phenol 0,08 028 6,6 2,2 2,1 3,7
4-C-3-MP 0,14 046 73 2,1 2,9 39
2-CP 0,23 0,76 6,2 0,8 6,9 5,9
24-DCP 0,15 049 6,1 0,8 45 5,9
2,4,6-TCP 0,10 033 7,1 0,6 1,9 5,6

Ghi chu: RSDa: dd lap lai theo dién tich pic; RSDb: d6 lap lai theo thoi gian di
chuyén; RSDc: d¢ tai lap lai theo dién tich pic; RSDd: dd tai lap lai theo thoi
gian di chuyén.

Dj chum: dugc xac dinh théng qua do lap lai (8 lan phan tich
trong cing mot ngay) va tai lap lai (trong 4 ngay lién tiép). Cac gia
tri d6 1éch chuan tuong ddi (RSD %) theo thoi glan di chuyén va
dién tich pic tin hiéu ciia cac hop chét phenol & nong do 5 mg/l déu
<7,3% (bang 2), dap tmg duogc tiéu chuan vé do chum cia AOAC
(7,3-11%) [23].

Pé dimg: dugc xac dinh thong qua H cta 5 hop chit phenol
(bang 3) trén cac nén mau thyc v6i nong do thém chudn 1a 7 mg/l
v6i moi hop chat. Két qua thu dugc cho thay, H cua phenol, 2-CP,
2,4-DCP va 2,4,6-TCP nam trong khoang 83,9-102,5%, dap (g
duoc tiéu chudn AOAC vé H (80-110%) [23]. Mic du vay, H cua
4-C-3-MP con khé thap (59,4-82,0%).

Bang 3. Thong s khoang tuyén tinh, dwéng chuan va H.

g:f‘t phn :fll)lfgznt%nh ;(;I(‘())T?;%huén R? oo

(mg/l) (mg/) NMI  NM2 NM3
Phenol 0,5-20 1-20 0,994 89459 913460 87,0457
4-C-3-MP 120 4-20 0,995 594+43 82,0460 69,4451
2-CP 1-20 4-20 0,996 83,9+52 102,5+6,4 92,8+58
24-DCP 120 2-20 0,998 89,8+55 97359 90,8455
2,4,6-TCP  0,5-10 0,5-10 0,998 94,0:6,7 882463  85,8+6,1

Khodng tuyén tinh, dwong chudn va phdn tich mdu thc:
khoang tuyén tinh cua phenol 14 0,5-20 mg/l, 2,4,6-TCP 0,5-10
mg/l, cac hop chét con lai nam trong khoang 1-20 mg/l (bang 3).
Dua trén khoang tuyén tinh, dudng chuan 7 diém duoc thiét lap
v6i cac hé s twong quan tuyén tinh R2>0,994. Sau qué trinh ti
uu hoa va xac nhan gia tri su dung ctla phu’ong phép, quy trinh
phén tich di phét trién duoc 4p dung trong thu'c té dé xac dinh ham
luong ciia 5 hop chat phenol trong mét s mau nude mat. Céc hop
chét duogc dinh tinh dya trén thi nghiém thém chuan va dinh lugng
bing phuong phap duong chuan. Két qua phan tich 3 miu thyc
(NM1, NM2, NM3) trén hinh 4 déu khong phat hién dugc cc hop
chat phenol. Didu nay c thé duoc giai thich 1a do cac dia diém lay
mau tiép nhan cac ngudn thai chu yéu 1a nudc thai sinh hoat von
¢ sy phat thai cac hop chat phenol va clophenol khong déng ké.
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Hinh 4. Gian d6 dién di phan tich 5 hop chat phenol trong cac mau
thye va mau thém chuén (TC).

Keét luan

Nghién ciru di khao sét, toi wu héa quy trinh phan tich dong
thoi 5 hop chat phenol thuge nhém céc hop chat 6 nhiém dugc
quan tam, dac bit l1a phenol, 4-C-3-MP, 2-CP, 2,4-DCP va 2,4,6-
TCP bang hé thiét bi CE-LIF vdi céc diéu kién da toi wu: dung dich
BGE véi n6ng d6 borax 5 mM, pH 9,75 va néng do fluorescein
1 mM, dién thé tach 17 kV va thoi gian bom mau 120 gidy. Quy
trinh budc dﬁu ¢4 thé ap dung dé phén tich cac hop chat phenol nay
trong cac mau nuoc thai voi LOD 0,08-0,23 mg/l. Nghién ciru mo
ra trién vong vé viéc sir dung hé thiét bj CE-LIF néu két hop véi
k¥ thudt xur 1y va 1am giau mau phi hop c6 thé ha thip LOD cua
cac hop chat phenol tdi cac tiéu chuan khit khe hon (trong nudc
mit, nu6e udng [1]) va phan tich nhanh, chinh xac véi chi phi thap.

LO1 CAM ON

Nghién ctru nay dugc thyc hién trén co s ngudn kinh phi
tr nhi¢ém vu thuong xuyén theo chitc nang ndm 2021 (ma s6
TXTCN.21.27) clia Pai hoc Qudc gia Ha Noi cap cho KLATEFOS.
Céc tac gia tran trong cam on.
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Nghién ciru khé ning chuyén pha ciia hac in than d4
va san pham cacbon hoa tir chiing dudi tac dung cua
nhiét, ing dung trong che tao vat liéu cacbon to hop
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Ngay nhén bai 6/9/2021; ngay chuyén phan bién 10/9/2021; ngay nhan phan bién 11/10/2021; ngay chip nhan ding 14/10/2021
Tom tit:

Bang phuong phap phan tich nhiét quét vi sai (DSC) va phén tich nhiét trong lugng (TGA) trong mdi trudng khi tro' cho
thay hac in chay mém ¢ 107,8°C; qua trinh phan huay chit nay chia lam 3 giai doan chinh twong {ng vo6i 3 pha a, B, v
hi¢u suit cachon héa dat 47% & 800°C. Miu hic in sau cacbon héa va xir ly lan lugt & cac nhiét d§ 2.200 va 2.700°C dugre
khio sat sw chuyén doi ciu tric tinh thé bing phuong phap nhiéu xa tia X (XRD). Thay déi trén gian dd XRD cho thy,
sw chuyén pha mdt cach rd rét tir trang thai vo dinh hinh ciia cacbon sang ciu triic tinh thé graphit trat tw cao sau khi xir
1y 6 2.200 va 2.700°C. Pp sach ciia mau hic in va ciu tric vat liéu CCC (compozit cacbon-cacbon) sau khi xir Iy nhiét tai
2.700°C dwoc khio sat bang phwong phap chup anh kinh hién vi dién tir quét (SEM) va phd tén xa ning lwong electron
(EDX). Sau xir Iy nhiét, thanh phén C ciia miu dat dén hon 99,5%, cacbon sau qua trinh graphit héa da lién két lai voi

nhau va lién két véi vai cacbon thanh khdi vat liéu graphit cé sy sip xép mang tinh thé mét cach cé trat tu.

Tir khéa: cacbon hoa, compozit cacbon - cacbon, graphit héa, hic in than da.

Chi sé phin loai: 2.4

Dat van de

Trong diéu kién nhu cu nang lugng, nguyén lidu ngay cang
tang cua cac nganh cong nghiép, viéc tich hop str dung than da va
cac ché pham tir ching dé tao ra ning luong nhiét, dién, céc san
pham hoa hoc cung cac vat li¢u co gia tri cao ngay cang dugc chi y
va tré nén quan trong, trong d6 phai ké dén hic in than d4 [1]. Hac
in than d4 1a hé phtc tap ciia cdc hydrocacbon va hop chat cacbon
di vong c6 tinh thom, thanh phan, tinh chat va cdu tric phan tir
khac nhau [2, 3]. Héc in than da dang dwgc tmg dung trong nhiéu
linh vuc nhu: san xuét dién cuec, hang khong vil try, hat nhan, hoa
hoc... v6i vai tro 1a thanh phan két dinh, hay chét dién day nho
nhiing déc tinh vu viét cua né nhu: do cacbon hoa cao, sy két hop
giita kha nang tao cacbon va d6 nhét thap [4-6].

Trong ché tao vat liéu cacbon to hop noi chung, vat ligu CCC
néi riéng, hic in phai trai qua cdc qua trinh xir Iy nhiét phic tap
voi cac giai doan tir thip dén cao: 6xy hoa, cacbon hoa, graphit
hoa dé thu dugc cacbon & dang tinh thé hoan thién cdu tric cao va
dam bao do sach cua vt li¢u [7, 8]. Qua trinh xt Iy nhiét quyét
dinh dén tinh chat cia vat liéu nhu khbi luong riéng, do xép, do
dong nhét, do ctng [9], tir 46 quyét dinh dén kha ning lam vidc
trong nhimg diu kién khic nghiét ma nhimg tmg dung cua vat
liéu yéu cau: chiu nhiét do cao, chiu sdc¢ nhiét, chiu mai mon tét.
Trudce ddy, do han ché ciia trang thiét bj ma nhing nghién ctru di
sdu vé cac qua trinh ndy con han ché, ddc biét 1a su chinh xédc ¢
nhiing vung nhiét d§ cao. Hi¢n nay, viéc ché tao duoc nhiing h¢
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thong 16 1én dén 3.000°C véi d0 sai léch khong qua 3°C mo ra co
hoi nghién ctru ddy di hon vé cac qua trinh nay. Nghién ciru nay
tap trung dén sy chuyén pha tir mesophase cua héc in trong cac
khoang nhiét do tuong tmg véi nhimg qué trinh trong ché tao CCC
(cacbon hoa, graphit hoa), nhim dura ra quy trinh ché tao thich hop
va it ton kém nhét.

Vat liéu va phuong phap nghién cuu
Héa chit

Hoa chat st dung dé tong hop vat lidu gdm: hic in than da
(Trung Quéc), khoi luong riéng 1,15+1,25 g/em?; nhiét do chay
mém 108+115°C, toluene khong hoa tan 28+32%, ham luong
cacbon hoa >45%, ham luong chét dé bay hoi 45+52%; axeton,
toluen loai PA (Xilong, Trung Quéc), do tinh khiét >99,8%; etanol
(Xilong, Trung Qudc), do tinh khiét >99,7%.

Vai cacbon mdodun dan hdi cao Culon-500 (Kymon-500) theo
CTO 75969440-007-2009 (Nga); nhya phenolic dang novolac
(Trung Quoc), dd sach >99%, do am <1%.

Khdo sdt tinh chit ciia vit liéu

Hic in truée khi mang di tién hanh cac khao sat duoc nghién
nho, hoa tan chon loc trong dung méi axeton, phan khong tan dugc
thu lai va hoa tan tiép trong toluen. Loc liy phan tan c can va siy
kho, sau d6 dugc 0xy hoa ¢ nhiét do 350°C trong diéu kién suc
khong khi 5h lién tuc véi luu lugng 2 lit/phat dé lam ting nhiét do
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Abstract:

Using differential scanning calorimetry and
thermogravimetric analysis showed the marking temperature
of coal tar pitch is 107.8°C. The thermal decomposition of
the pitch is divided into three main stages, corresponding
to three phases o, B, v, with a coke yield of 47% at 800°C.
The change in the XRD diagram showed a clear transition
from the amorphous state of carbon to the highly ordered
crystalline structure of graphite after treatment at 2,200 and
2,700°C. The purity of the pitch sample and the structure
of the CCC carbon-carbon composite material after heat
treatment at 2,700°C were studied using scanning electron
microscopy and energy-dispersive X-ray spectroscopy
methods. The results showed that after heat treatment, the
C content in the sample reached more than 99.5%, and the
coke residues after graphitization were bound and connected
to the carbon fabric into a mass of graphite material.

Keywords: carbonisation, carbon-carbon composite, coal tar,
graphitization.

Classification number: 2.4

chay mém cua hac in. Cudi cung lam ngudi ty nhién, nghién nho,
can dinh lugng cho céac thi nghiém tiép theo.

Mau CCC dugc ché tao tir vai cacbon va nhua novolac trai qua
cac qua trinh ép nong tao hinh, cacbon héa, sau d6 dugc dung lam
phoi trung gian dé tham héc in va tién hanh céc budc xir 1y nhiét.
Qua trinh tham hac in va xir Iy nhiét dugc lp lai khong dudi 4 lan.

DSC thyc hién trén may Setaram (Phap) tai Vién Khoa hoc Vat
liéu véi cac diéu kién: chén dung méu platin; mau so sanh: oxit
nhom, moi truong nito, toc do tang nhié¢t 10 K/phut, nhiét do khao
sat 25-700°C.

TGA thyc hién trén mdy Setaram trong méi trudng khi nito dén
800°C, toc do nang nhiét 10 K/phut.
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Mau hic in dwgc xir 1y ¢ nhiét do cao (2.200 va 2.700°C) trong
30 phut trén 10 graphit hoa chuyén dung cua Hang Xerion (D)
v6i kha ning graphit héa dén 3.000°C, sai s +3°C tai Trung tim
Phat trién cong ngh¢ cao, Vién Han [am KH&CN Viét Nam.

Su chuyén pha ctia san pham cacbon hoa thu duoc tir qua trinh
cacbon hoa dudi tdc dung cua nhiét 4o dugc nghién ciu béng
phuong phap XRD chup trén thiét bi X’Pert (Ha Lan) tai Vién Hoa
hoc - Vat liéu, Vién Khoa hoc va Cong ngh¢ Quan sy.

Céu tric cta vt liéu va thanh phan nguyén t6 dugc khao sat
bang phuong phap SEM-EDX trén thiét bi Jeol 6610A (Nhat Ban)
tai Vién Hoa hoc - Vat liéu, Vién Khoa hoc va Cong nghé¢ Quan su.

Keét qua va thao luan

Nghién ciru sw chuyén pha ciia hic in than dd dudi tic dung
nhigt

Trong quy trinh ché tao cac loai vat liéu t6 hop véi nén héc in
hay héc in vé6i vai trd chat két dinh, viéc diéu khién nhiét do dong
vai trd v ciing quan trong, dic biét 1a trong qué trinh thdm hic in
1ong va cacbon hoa. Viée xac dinh chinh xéc nhiét o chuyén pha
cua hic in cho phép thiét 1ap ché d6 nang nhiét trong cac qua trinh
trén dé tranh hién tuong hac in bj chay khoi khdi vét lidu, 1am giam
hiéu suit nang ty trong, déng thoi nang cao do sach cua vat liéu.
Két qua khdo sat mau hic in bing DSC duoc thé hién ¢ hinh 1.

.

20
25
-30
-35
-40
45
50
55
60
65

Daong nhiét (mW)

R AL - —_—
0 100 200 300 400 500 600 700
Nhiét 4o, °C

Hinh 1. Gian dé DSC ctia mau hic in than da.

Hiéu suét cacbon hoa ctia hic in da duoc khéo sat bang TGA.
Két qua phan tich nhiét cia mau hac in dén 800°C, toc do nang
nhiét 20°C/phut trong moi truong khi nito dugc thé hién ¢ hinh 2.

Quan sat gian d6 DSC nhan thiy, tai 70 va 107,8°C xuét hién
hai peak cuc dai, dac trung cho qua trinh thu nhiét ¢ giai doan
dau cua viée xir 1y nhiét héc in, 1an luot tuong (ing véi nhiét do
dac trung ctia qua trinh thoét hoi nude cing mét s6 hydrocacbon
d& bay hoi va nhiét d¢ bit dau xay ra qua trinh chuyén pha cua
hic in tir rén sang 1ong, hay chinh Ia nhiét d6 chay mém ciia hac
in. Khi tang nhiét do 1én, xuét hién céc peak tai 378,97, 508,08,
514,71, 523,22, 533,97°C x4y ra cac qua trinh toa nhiét, do cac
lién két trong nhimg phan tir 16n ciia hic in bi pha huy hinh
thanh nhig phan tir nho hon, dong thoi giai phong nang luong,
day ciing la dic trung cua phan tng phan hiy nhiét hic in.
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Két qua hinh 2 cho thdy, hiéu sudt cacbon héa ciia hic in
twong doi cao (dat gan 47% & 800°C). Qua trinh phan huy hac in
chia 1am 3 giai doan, kha nang cao twong ung vdi sy phan huy
thanh phan ciia chat nay theo 3 pha a, B, y, 14 thanh phan c4u tao
dac trung cua hic in than d4 [10]. Su giam khdi luong bt dau
xuét hién tir khoang 230°C, tuy nhién giai doan nay sy hut khoi
con thép, chu yéu 1a do bay hoi mot sé thanh phin hydrocacbon
khéi lurong phén tir thap. Khéi lvong miu giam manh tir khoang
260°C va dat murc cao nhat & 453°C. Tr 600°C, d6 hut khéi cua
mau giam rd rét, khdi luong mau gan nhu khong doi.

Tir két qua thu duoc cia DSC va TGA cho thdy, hic in phan
hity manh nhat trong khoang 350-520°C, vi vdy trong qué trinh
cacbon hoa can nang nhiét that chim & giai doan nay dé phan
(g phan hiy xay ra trié¢t dé hon. Sau 600°C, toc do phan hiy
gidm rd rét, tuy nhién day 1a giai doan quan trong dé dat duoc
vat liéu c6 ham lugng cacbon cao (hay d¢ sach cao). Do vay,
trong qua trinh cacbon hoa can phai giit dang nhiét & giai doan
nhiét cao khoang 800-950°C trong thoi gian dai (6-8 gio) cho
cac thanh phan trong nén hic in phan hiry hoan toan.

Khio sdt tinh chit sin phim ciia qud trinh phén hiiy nhigt
héc in

Mau hic in sau khi cacbon hoa duoc tién hanh nghién ciru
cau tric va thanh phan bang phuong phap XRD va EDX. Két
qua dugc thé hién 6 hinh 3.

Két qua hinh 3A cho thay, peak thu dwgc c6 dai tring véi dai
cia cacbon. Tuy nhién, peak c6 cuong do thap, duong peak nhiéu,
dinh t va chan peak rong, chimg to bot cacbon thu dugc ton tai &
trang thai v dinh hinh, chua co céu tric tinh thé graphit.

Vit liéu compozit trén co s& graphit va nén cacbon tir hic in
phai dat dugc yéu cau vé ciu trac co do trat tu tinh thé cao. Do
vay, bot cacbon sau khi cacbon hoa tiép tuc dirgc trai qua qua trinh
xtr 1y nhiét & 2.200°C va theo ddi sy thay ddi cdu triic pha vat liéu
(hinh 3B). So sanh gian d6 hinh 3A va 3B cho thdy, dai peak dic
trung cho graphit hinh thanh r6 rét voi cuong dg cao, chan peak
thu hep lai va dinh nhon twong tmg vdi su chuyén pha mot cach
10 1ét tr trang thai vo dinh hinh ctia cacbon sang cu trac tinh thé
graphit trét tu cao.

Khi ting nhiét d6 1én 2.700°C, trat ty tinh thé graphit hau nhu
khong thay ddi so véi tai 2.200°C, thé hién ¢ hinh dang va cuong
6 peak gan nhu twong tu (hinh 3C). Nhu vay, xtr Iy nhiét s& giup
cho nén cacbon thu dugc dan dat dén céu trac tinh thé hoan thién.
Tuy nhién aé chuyén hoa cdu tric clia bot cacbon thu dugce c6 thé
chi can xir ly nhiét dén 2.200°C gilp tranh lang phi nang lugng.

Thanh phén ciia hic in sau qua trinh graphit hoa ciing dugc xac
dinh lai bang phuong phap EDX. D¢ sach ciia vt liéu dat dugc
dén murc d9 rat cao (99,5% C) va gan nhw khong con céc loai tap
chat, cho thay qua trinh cacbon hoa va graphit hoa da loai bo dugc
mot cach hiéu qua cdc nguyén t6 khac ngoai C (hinh 4).
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Hinh 4. Thanh phan mau hic in sau graphit héa.

Nghién citu, phén tich cdu triic ciia vt lidu trwée va sau khi
xit Iy nhigt

Két qua phan tich anh SEM cau tric ctia cac mau phoi CCC
ban dau dugc ché tao dang cu trac 2D sau qua trinh cacbon hoa
thé hién ¢ hinh 5. Anh SEM cho thay, miu phoi CCC cua dang ciu
tric 2D c6 cac 16 xdp 16n, hinh thanh khi nhya novolac phan huy
trong qud trinh cacbon hoa, d rong cua cac 16 x0p nay dao dong tir
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Hinh 3. Gian d6 XRD mAu héc in sau khi cacbon héa & 950°C (A), 2.200°C (B) va 2.700°C (C).
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300 dén 600 pm. Khdi nhya nén da bao phi déu va kin céc bo soi,
cho thay qua trinh ché tao phdi ban dau da dat dugc cau triic 2D
6n dinh. Céu tric mau s& anh huong dén kha ning thim hac in va
ham lugng cacbon giit lai sau cacbon héa trong khéi vat liéu CCC.

T00pm
0000 06 Oct 2017

Trwée khi xtr ly nhiét Sau graphit héa 2.700°C

Hinh 6. Anh SEM cta mau compozit cacbon-héc in qua cac giai
doan.

Két qua hinh 6 cho thdy, mdu CCC sau cac chu ky tham cac 15
x0p ho di dugc dién diy cacbon tir hic in cacbon hoa. Tuy nhién,
v6i mau chua graphit hoa phan c6t soi, phan nén chua co lién két
10 rang va vat liéu ciing chua hinh thanh két cu dong nhat. Hinh
6B cho thdy, cacbon sau qué trinh graphit hoa da lién két lai voi
nhau va lién két v6i vai cacbon thanh khdi vt liéu graphit co su
sip xép mang tinh thé mot cach c6 trat tu, vét liéu di dat duoc do
ddng nhat. Phan tich phd XRD ciia mau hic in ¢ bén trén ciing cho
théy, hic in thdm vao vét liéu CCC c6 kha nang chuyén cu tric
graphit rat tt, ¢ tinh thé graphit cao.
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Keét luan

Két qua nghién ctru cho thdy, sw chuyén pha cia hic in tuong
(g v6i timg giai doan nhiét do nhat dinh: qué trinh cacbon héa
dién ra manh nhat trong khodng 350-550°C, hi¢u suat dat 47%, tao
thanh san phém cacbon ¢ trang thai v6 dinh hinh; khi nang nhiét
do xu ly dén 2.200 va 2.700°C nhan théy, su chuyén pha mot cach
10 1€t tr trang thai vo dinh hinh ctia cacbon sang cdu truc tinh thé
graphit trat ty cao, df”)ng thoi san phém dat d sach dén trén 99,5%.
Nghién ciru cdu triic cta vat liéu CCC v6i nén hac in cho thay,
hic in dién rat tt vao céc 16 xOp cua vat liéu va hinh thanh lién
két chic chan vai khung soi cacbon sau qua trinh graphit hoa ¢
nhiét d6 cao nho kha nang chuyén pha ciu triic sang dang tinh thé
graphit rat tot. Kha nang chuyén pha linh dong nhu vy cho thiy
tiém nang img dung cao cta hac in trong ché tao vét liéu CCC noi
riéng, vat liéu cacbon t6 hop noi chung.
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Tong hop CuFe trén nén dién cwe Cu dinh hudng lam xic tac
¢0 hoat tinh cao cho phan ig khir nitrat bang phwong phap di¢n hoa
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'Vién Hoa hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam
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Ngay nhan bai 4/10/2021; ngay chuyén phan bién 8/10/2021; ngay nhén phan bién 4/11/2021; ngay chép nhan ding 8/11/2021

Tém tit:

Trong nghién ciru nay, vét liéu xiic tac CuFe trén nén dién cwe Cu d dwge tong hop bing phwong phap ma dién don
gian. Lép ma CuFe tir cic dung dich ma cé ty 18 Cu, Fe khic nhau di dwgc tong hop bing phwong phap ap dong
khong déi va dac trung tinh chét béng phlr(rng phap nhiéu xa tia X (XRD), kinh hién vi dién tir quét (SEM), ph6 tan
sac nang lwgng tia X (EDX), ma Pb & thé khir thap (Pb-UPD). Khio sat hoat tinh khir nitrat (NO,") ctlia cac di¢n cuc
da tong ho'p cho thay, dién cuc Cu ma VO'l CuFe8020 tir dung dich ma chira 80% Cu va 20% Fe cho c1r0'ng do dong
Kkhir cao nhit. Pi¢n cwe CuFe8020 trén nén Cu nay c6 hiéu suit khir nitrat cao gip 3 lan va tao ra it sin phim khong
mong muén (nhu NO,” va NH,") hon so véi di¢n cuc Cu truyén thong.

Tir khéa: Cu, CuFe, dién héoa, khir nitrat, xuc tac dién hoa.

Chi s6 phén loai: 2.4

- £ A
Datvan de

Viét Nam 1a nude ¢6 nén nong nghiép va cong nghlep dang
phat trién manh. Cting véi sy phét trién do, cac van dé 6 nhidm
mdi trudng cling dang ngay cang tré nén nghlem trong hon.
Trong d06, 6 nhiém nguon nudc, dic biét 1a 6 nhiém n1trat la mot
van d& khong chi ¢ Viét Nam ma con duoc nhidu qudc gia trén
thé gioi quan tim. Mot trong nhing nguyén nhan chinh gy ra
6 nhiém nitrat trong nu6c 1a viéc sir dung nito trong phan bon
nong nghiép, cac chat thai bé phdt, dong vat ciing nhu tir cac
nganh cong nghiép [1-3].

Nitrat ban chat 13 mot ion pho bién trong ty nhién. Thong
thuong & ndng do thap, nitrat c6 thé dugc coi 1a chit khong
doc hai. Tuy nhién, khi tich tu trong tu nhién, dac biét la khi
bi chuyén hoa thanh nitrit, nitrat 1& mot chét thai doc hai, gay
anh huong khong t6t dén moi truong, sinh thai va sire khoe con
ngudi, dac bi¢t 1a tré nho va phu nit ¢o thai [1, 2, 4]. Do do,
nghién ctru phuong phéap xt 1y 6 nhiém nitrat 13 mot van dé cap
thiét can duoc giai quyét.

Hién nay, c6 nhiéu phuong phép dang duoc nghién ciru va
st dung dé xtr ly nudc thai chira nitrat nhu: trao déi ion [5, 6],
vi sinh vat [7, 8], khtr hoa hoc [9], tham thau ngugc [10]... Tuy
nhién, hau hét cic phuong phap nay déu doi hoi chi phi xir Iy
16m, thiét bi may méc phtrc tap va dac biét 1a kho khan trong viée
kiém soat san pham ctia qué trinh xtt 1. Do d6, viéc nghién ciru
phat trién phuong phap méi dé xir 1y nitrat vira tiét kiém chi phi,
vira cho hiéu qua cao, lai dé van hanh, bao tri, bao dudng 14 rat
can thiét.

“Tac gia lién hé: Email: hoanghuongthao@gmail.com
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Gan day, khtr nitrat bé’mg dién hoa duogc cac nha khoa hoc
trong nudc ciing nhu qudc té danh gia 1a mot phuong phap tiém
nang, vi kha ning dinh huéng san phdm sau phan tng cta no.
Ngoai ra, ddy la phuong phap dé van hanh, bao tri, bao dudng,
¢6 kha ning xir Iy & quy mé cong nghiép ma khong doi hoi thiét
bi, k¥ thuat cao. Tuy nhién, cac xtc tac dién hoa hi¢n nay cia
phéan ung khu nitrat c6 hi¢u suét chuyén hoéa nitrat va do chon
loc kha thép, hodc gia thanh kha cao do phu thudc nhiéu vao cac
kim loai quy. Do do, viéc nghién ctru tim ra xuc tdc moi higu
qua hon cho phan tmg khtr dién hoa nitrat 1a vo cung quan trong.

Nhiéu xtc tac (Pd [11], Pt[12, 13], Cu [12-14], Ni [12], CuPt
[15], CuSn [16], CuNi [17], CuPb [17], SnPt [18], SnPd [18,
19]...) da duoc nghién ctru, thir nghiém khir nitrat bang phuong
phap dién héa. Trong d6, Cu dd duoc nhidu nghién ctru chimg
minh 1a mot xuc tac hiéu qua cho qua trinh khwr [12, 14]. Tuy
thudc vao diéu kién phan ung, cling nhu ban chat thanh phén,
cau trac, hinh thai hoc cia dién cuc ma phan tng khir nitrat
¢6 thé cho ra nhiéu san phém v&i do chon loc khac nhau. San
pham 1y twong nht ctia phan tng khir nitrat 1 khi N,, bén va
khong c6 doc tinh. Tuy nhién, cic san pham trong pha léng nhu
NO,” va NH," (khong dugc mong doi vi ghl'lng la géc hoa chat
dgc hai khong kém nitrat) van thuong chiém wu thé trong phan
{ing khir nitrat. Ngoai ra, cac san pham khac nhu nito oxit (NO,
NO,,N,0) hiém khi dugc tao ra, hodc dugc tao ra véi ham lugng
nho [20-22].

Trong nghién ctru ndy, ching toi tong hop CuFe trén dién
cuc nén Cu bang phuong phap ma di¢n don gian. Anh hudng
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Abstract:

In this research, a novel CuFe catalyst was fabricated
using a simple, single-step electrodeposition method
on a traditional Cu electrode. CuFe films from various
electrodeposition baths with different Cu and Fe ratios
were prepared by chronopotentiometry and characterised
by X-ray diffraction (XRD), Scanning electron microscope
(SEM), Energy dispersive X-ray analysis (EDX), and Pb
underpotential deposition (Pb-UPD). The Cu electrode
coated with CuFe8020 (from electrodeposition bath
containing 80% Cu and 20% Fe) showed the highest
reduction current among the film produced. The Cu
electrode coated with CuFe8020 exhibited three times
higher nitrate reduction efficiency and less undesired
products like NO,” va NH," than the traditional Cu.

Keywords: Cu, CuFe, electrocatalyst, electrochemistry,
nitrate reduction reaction.

Classification number: 2.4

cta thanh phin Fe trong dung dich ma dén hoat tinh kh nitrat
cua dién cyc ciing nhu hi¢u suét khtr nitrat ctia cac dién cuc da
duoc khao st dé tim ra dién cuc dong vai tro xtc tac t6i wu trong
phan g khr nitrat.

Thuc nghiém
Thiét bi va héa chit

Céc thiét bi thyc hién nghién citu bao gém: cuc phé da chirc
ning 797 VA Computrace (Metrohm, Thuy Si), may quang phd
UV-Vis (Cintra 4040, Australia), may do nhiéu xa tia X DS8-
Advance (Bruker, Dirc), SEM S-4800 (Hitachi, Nhat Ban), bé
siéu am (Elma, burc).

Cac hoa chit sir dung trong nghién ctru nay déu thudc loai
tinh khiét do Hang Merck cung cép.
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Ché tao dién cuc CuFe trén nén Cu b&ng phwong phap
dién hoa

Pién cuc CuFe duoc ché tao béng cach bién tinh Cu theo
phuong phap ma dién hoa. Trong do, dién cuc Cu dung 1am nén
ma 13 cac thanh Cu (99,999%) c6 chidu dai 2 cm, chiéu rong 1
cm. Trudce khi ma, cac dién cuc duoc lam sach béng cach mai
bé mat dién cuc trén cac giéy nham c6 thong s lan luot 1a 200,
400, 800, 1.000, 2.000 va 3.000 grit. Pién cuc dugc mai trén
mbi loai gidy nham trong thoi gian 5 phit, sau d6 dugc rira sach
bang nudc cit sach Mili-Q, rdi siéu 4m trong vong 10 phut dé
lam sach hoan toan trudc khi chuyén sang gidy nham c6 kich
thudc min hon.

Céc dién cyc CuFe dugc ma trong bé ma chira dung dich
CuSO, va FeSO,. Nong d6 dung dich ma cho mdi loai dién cuc
duogc tong hop 0 bang 1. Cic dung dich ma dugc do va diéu
chinh pH vé 2 bang dung dich H,SO, 0,5 M.

Bang 1. Nong d6 dung dich ma dién cuc.

Tén dién cuc CuSO, (M) FeSO, (M) pH
CuFe2080 0,02 0,08 2
CuFe4060 0,04 0,06 2
CuFe8020 0,08 0,02 2

Hé ma dién cuc gém: Cu la dién cuc lam viée, ludi Pt 1a dién
cuc phu trg va Ag/AgCI/KCl 3 M 1a dién cuc so sanh.

Cac dién cuc CuFe dugc ma bang phuong phap ap dong
khong doi tai 4 mA/cm? cho dén khi dat tong dién tich 2 C/cm?,
tuong duong 500 gidy. Sau khi ma, dién cuc dugc rira sach nhiéu
lin béng nude Milli-Q (18,2 MQ.cm), sau d6 lam kho tu nhién
trong khong khi va str dung.

Dic trung tinh chit vit liéu

Hinh thai bé mat cua dién cuc dugc phan tich‘qua anh
SEM S-4800 tai Vién Khoa hoc Vat li¢u. Thanh phan Cu va
Fe ctia 16p ma dugc do bang EDX tai Vién Khoa hoc Vat li¢u.

Céu truc tinh thé cua cac dién cuc duge xac dinh béng
XRD bang may DS8-Advance tai Phong Hoa phan tich,
Vién Hoéa hoc, véi A=1,5406 A va khoang quét 26=2-80°.

bién cuc Cu va CuFe sau khi lam sach hodc dugc ma
s& tién hanh do dién tich hoat dong dién hoa bing phuong
phap Pb-UPD. Cac dién cuc dugc quét trong dung dich ma
Pb chtra 1 mM Pb(CHSCOO) + 100 mM HCIO, + 20 mM
KCl tr 0 dén -0,7 V, toe d6 quét 0,01 V/s. Pic ma Pb ¢ Pb-
UPD xuét hién & khoang thé -0,25 dén -0,45 V. Tir dién tich
pic nay tinh dugc lugng Pb dugc ma va dién tich hoat dong
twong ddi cuia bé mit.

Phdn vrng khir nitrat

Hoat tinh dién hoa cua dién cyc Cu va CuFe dugc danh
gia bing phuong phap quét thé tuyén tinh (Linear sweep
voltamometry) va ap thé khong dbi (Chronoamperometry) tai
hiéu dién thé ¢b dinh -1,5 V so véi Ag/AgCl.
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Hé phan tng dién hoa g@)m dién cuc lam viéc Cu, so sanh
Ag/AgClI/KCI 3 M va phu ludi Pt. Bién cuc phu trg va 1am viée
dugc ngan bdi mang Nafion 117. Bién cuc so sanh dugc dat gﬁn
dién cuc lam viée dé do thé hoat dong cua dién cuc nay.

Dung dich khr nitrat chira NaNO, 0,5 M + Na,S0, 0,5 M
pha trong nudc cat sach Mili-Q. Truoc mdi thir nghlem he phan
tmg va dung dich phan tmg duoc suc bang He tinh khiét trong
vong 30 phut dé dudi hét cac khi hoa tan trong dung dich.

Phén tich cdc sin pham khdc trong nudc ciia phin trng
khir nitrat

Sau khi dung dich nitrat dugc khir bang phuong phdp ap the
khong ddi ¢ -1,5 V so vai Ag/AgCl trong 30 phut ddi véi mdi
loai dién cuc/xtc tac Cu va CuFe, dung dich chura san pham khur
trong khoang dién cuc lam viéc dugc lay ra va phén tich dé xac
dinh ham lugng céc chét nitrat, nitrit, amoni. Nitrit duoc phén
tich bang thudc thir Diazo & budc song 540 nm. Nitrat dugc phan
tich bang phuong phéap cot khir Cd dé chuyén doi nitrat thanh
nitrit, sau d6 tién hanh phan tich nhu nitrit. Amoni dugc phan
tich bang thubc thir Indol phenol & bude song 640 nm [23].

Hiéu suét Faraday cua céac san phém duoc tinh toan dua trén
cong thuc sau [24]:
Csp XV XzZXF

t X lggng

lsp
Hiéu suat Faraday ciia san pham = =
téng

trong do: 1 la cuong do dong di¢n duoc st dung dé tao ra san
pharn, i la cuong do dong dién tong cla ca qua trinh; C,la
nong do clia san pham V la thé tich ctia dung dich dién ly trong
binh phan (ing; z 14 s6 electron trao d6i cua phan tmg tao ra san
pham; F 13 hing s Faraday; t 1a thoi gian phan tng.

Két qua va thao luan
Ché tao dién cuc va ddc trung tinh chat ciia dién cuc

Trong nghién ciru nay, CuFe dugc ma bang phuong phap
kiém soat cuong do dong ma, cu thé 1a ap dong khong dbi 4 mA/
cm?cho dén khi dat téng dién tich 2 C/em?. O cuong d6 ma nay
ca Cu?* va Fe?* duoc khtr tao thanh Cu va Fe trén bé mit dién
cuc. Dya vao bang thé khir tiéu chuan, Cu c6 kha nang chiém
wu thé hon ma Fe. Thé kht tiéu chuan ctia cac ion Cu?*, H*, Fe?*
trong dung dich ma 1an luot nhu sau [25]:

Cu? +2¢ =2 Cu(r), E°=+0,34 V
2H"+2e = H,(k), E==0,00 V
Fe** +2¢ = Fe(r), E=—0,44 V

Phan (g khtr nuéc tao H, cling ¢6 thé dong thoi dién ra va
thuc té tao mot vai bot khi nh1n thay duoc trén bé mit dién cuc
trong qua trlnh ma. Tuy nhién, qua trinh tao H, nay khong gay ra
thay d6i vé hinh thai hoc ciia 16p ma (hinh 1B) hay gay ra hi¢n
tugng bong tréc anh hudng dén do bén cua dién cuc. Hinh anh
SEM cho théy, vét liéu Cu chua bién tinh c6 bé mat phéng nhin
(hinh 1A), con bé mit cua CuFe xuét hién mot vai tinh thé 16n,
tuy nhién bé mit van tuong d6i bang phang (hinh 1B).
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Hinh 1. SEM cta dién cwc Cu chwa bién tinh (A) va CuFe (B).

Nong do tong hai ion kim loai Cu?, Fe* =0,1 M, 1a nong
d6 rat du cho qué trinh ma, nhim dam bao sy 6n dinh vé néng
d6 ciing nhu ty 1 hai ion kim loai trong sudt qua trinh ma ma
khong can dimg dén dién cuc dbi hoa tan c6 cing ty 18 kim loai
v6i dung dich ma.

pH dung dich ma dugc diéu chinh t6i 2 bang H,SO,. Trong
d6, diéu kién pH thip gitp ting d6 dan cua dung d1ch ma, gidm
qua thé cua qua trinh ma, han ché viéc tao thanh cac oxit va
hydroxit ctia kim loai trén 16p ma [26, 27]. Tuy nhién ngugc lai,
néu pH qua thap s& lam ting phan mg khir nudc tao H, canh
tranh voi phan (tng ma kim loai.

Hinh 2 1a XRD cua dién cuc Cu va CuFe. XRD cta ca Cu
va CuFe déu xuit hién 3 pic & nét cua vat liéu Cu lap phuong
tam mat gf”)m co Cu(111) tai 26=43,29°, Cu(200) tai 26=50,43°
va Cu(220) tai 26=74,13°. Vi tri cac pic trung khop véi vi tri cac
pic ciia Cu da tinh thé chudn (theo co s6 dit liéu JCPDS s6 00-
004-0836). Tuy nhién, & mau CuFe khong thay xuat hién pic nao
cua Fe, ma chi c6 sw thay doi mot chit vé cuong do pic. Diéu
nay co thé giai thich 13 do 16p ma CuFe c6 d6 day rit mong (tinh
toan 1y thuyét do day 16p ma theo Faraday 1a 737 nm) trén nén 1a
Cu nguyén chét da tinh thé, vay nén tin hi¢u chii yéu la ciia Cu
da tinh thé va khong thdy duoc pic cia Fe. C6 thé sy c6 mit cia
Fe da lam thay d6i mat mang cta Cu, trong d6 Cu da tinh thé uu
tién dinh hudng (111), con CuFe uu tién dinh huéng ca (111) va
(200). Tuy nhién, khong thé loai trir kha ning cuong do pic thu
duogc 1a do dinh huong c¢d dinh cta vat lidu tim c6 sai khac va
khong dugc dong déu nhu vat liéu bot.
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Hinh 2. XRD cua dién cwc Cu va CuFe.

Dé x4c dinh lugng xtic tdc CuFe dugc ma trén dién cuc Cu,
chiing t6i da tién hanh phan tich nong d6 Cu va Fe trong dung
dich trude va sau khi ma biang pho hip thu nguyén tir (AAS).
Két qua phan tich AAS ciia dung dich ma chira 80% Cu va 20%
Fe cho thdy, 0,419 mg Cu va 0,067 mg Fe da mat di khoi dung
dich sau qua trinh ma. Néu coi that thoat do dung dich bam
trén bé mit cac dung cu 1a khong dang ké thi 16p ma CuFe8020
twong tmg chira 0,419 mg Cu va 0,067 mg Fe. Tong lugng xtc
tac CuFe dugc ma 1én dién cuc Cu la 0,486 mg. Ty I¢ Fe trong
xtic tac CuFe8020 1a 15,6% (tinh theo sb mol). Diéu nay phu
hop véi thé khir tiéu chuan ctia Fe=-0,44V 1a 4m hon so véi
Cu=10,34V, du doan ré‘mg ma Cu chiém wu thé hon ma Fe, dan
dén %Fe trén 16p ma nho hon %Fe trong dung dich ma.

Su c6 mat cua Fe trén bé mat 16p CuFe ma trén Cu cling
duoc ching minh biang EDX. Két qua do mau dién cyc CuFe
cho thay, trong dién cuc chira cac nguyén t6 Cu, Fe 1a chu yéu,
ngoai ra con c6 nguyén t6 O (hinh 3). Sy ¢6 mat cua 6xy co thé
duoc giai thich do sy hinh thanh oxit cia Cu va Fe trén bé mat
dién cuc, do dién cuc sau khi ma xong dugc giit trong khong
khi cho dén khi duoc tién hanh phan tich, thém vao do Cu va
Fe 1a hai nguyén t6 rat dé bi 6xy hoa trong khong khi. Theo két
qua phan tich EDX ciia xtc tac cho thdy, ty 16 Cu va Fe trén
16p ma phu thudc vao ham lugng Cu va Fe trong dung dich ma.
Cu thé EDX cua xuc tic CuFe8020 cho thanh pham 16p ma la
2,2% Fe, 54,5% Cu va 42,8% O. Néu khong tinh dén O do 16p
vt liéu bé mit bi 6xy hoa trong diéu kién khong khi thi ty 1&
CuvaFel1a 96,1% Cu va 3,9% Fe. Ty 1¢ tinh theo EDX nay c6
lwong Cu nhiéu hon va Fe it hon ty 18 tinh theo AAS, nguyén
nhén c6 thé do anh huéng cta nén mau Cu 1én 16p ma CuFe
trong phép do EDX lam cho ty 1€ ctia Cu trén 16p ma bi ting
1én so v6i thuc té.
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Hinh 3. EDX cua CuFe.

Pb-UPD dugc sir dung dé xac dinh dién tich hoat dong dién
héa “twong d6i” cia dién cuc, thuong dung dé so sanh dién tich
hoat dong dién hoa cua dién cuc sau bién tinh so véi dién cuc phé
thong co bé mit phéng nhén ma c6 thé coi dién tich hoat dong dién
héa xap xi dién tich hinh hoc cuia dién cyc [28-30]. Phuong phap
nay dua trén nguyén ly khi ma Pb 1én bé mat dién cuc kim loai,
monolayer dau tién ctia Pb trén bé mit kim loai d6 s& xay ra ¢ thé
khir duong hon so véi thé khir ciia céc 16p tiép theo [28-30]. Dién
tich ma Pb-UPD s€& dugc tinh dya trén cong thuc:

‘Dién tich ma Pb-UPD(C/em?) = Dién tich pic Pb-UPD (V.A/em’)
X toc do quét the (V/s).

Két qua ma Pb-UPD cua di¢n cuc Cu va di¢n cuc CuFe cho
thiy, dién tich ma Pb-UPD ciia Cu va CuFe twong tmg la 412
va 435 uClem?. Két qua nay cho thdy, dién tich cua CuFe c6 16n
hon nhung khong déng ké (1,06 1an) so véi dién cuc Cu truyén
thong. Dién tich ma Pb-UPD cua Cu la twong ddi phu hop vé6i cac
nghién cuu trude day, trong d6 Cu ma dién hoa trén dién cuc Au
¢6 dién tich ma Pb-UPD la 440 puC/cm? va Cu-ebeam ma béng
chum electron c6 dién tich ma Pb-UPD 1a 376 pC/cm?[30]. Mac
du hinh anh SEM cho thdy sy xuét hién caa mot so tinh thé gb ghé
trén bé mat dién cyc CuFe, nhung chung khong lam thay di dang
ké dién tich hoat dong cua bé mat dién cuc CuFe so voi dién cuc
Cu chua bién tinh.

0,0020
CuFe
0,0015 4 cu
0,0010 4
Ph-UPD tan

0,0005 -]

0,0000 -|

Cuong dj dong (A/em?)

—

Pb-UPD ma

-0,0005

-d,s -0',4 -0',2 0,0
Hiéu dién thé (V so véi Ag/AgCl)

Hinh 4. Ma Pb-UPD cua cac dién cwc Cu va CuFe.
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Hinh 5. Phé von-ampe cla cac dién cwc Cu va CuFe v&i ty Ié Fe
khac nhau trong dung dich NaNO, 0,5 M + Na,SO, 0,5 M, téc do
quét 10 mV/s.

Hinh 5 1a pho von-ampe ciia céc dién cuc Cu va CuFe voi
cac nong do Fe khac nhau trong dung dich chira NaNO, 035 M
+Na,S0, 0,5 M quét tir -0,50 den -1,55V v6i Ag/AgCl 0 toc do
quét 10 mV/s. Két qua khdo st cho thay, khi thay doi nong do
Cu va Fe trong dung dich ma dan dén sy thay doi nong do Cu
va Fe trong dién cuc, thi hoat tinh khwr nitrat cta cac dién cuc
nay ciing thay doi. Tai thé khir 1,55 V, thir tw cuong d6 dong khir
1a Cu<CuFe6040<CuFe2080<CuFe8020. Hi¢u dién thé bat dau
xay ra phan tng khir ciia Cu80Fe20 ciing sém nhat, som hon
~300 mV so vdi cac dién cuc Cu chua bién tinh.

Két qua phan tich dién tich hoat dong dién hoa cua dién cuc
CuFe8020 so vai dién cuc Cu cho théy, hai dién cuc co dién tich
hoat dong dién hoa twong dwong nhau. Pidu nay goi ¥ ring, hoat
tinh khu cia CuFe8020 vuot troi hon Cu khong phai 1a do di¢n
tich hoat dong dién hoa ma c6 thé do thanh phan kim loai cta
xUc tac, hodc cau tric tinh thé cua xuc tac.

Trong mot nghién cuu trude day, CuFe (80% Cu, 20% Fe)
dugc tong hop bang phuong phép ball milling c6 kha nang khu
nitrat t5t hon nhiéu so voi Cu, tuy nhién cung chua c6 co ché xic
tac nao duoc dua ra dé giai thich [17]. Pidu nay cho thiy, xtc
tac CuFe8020 diéu ché bang ma dién hoa hay bang ball milling
déu cho hoat tinh khir nitrat tot hon vét liéu Cu truyén thong.
Ngoai ra, trong mot nghién ctru vé hoat tinh khir nitrat ciia Cu
don tinh thé, Cu (100) cho thé bat dau khir (onset) sém hon va
cuong do dong khtr cao hon Cu(111) [31]. Thu vi 1a vat li¢u
CuFe8020 dugc tong hop trong nghién clru ndy ciing co cudng
d6 mit (200) cao hon so vé6i vét liéu Cu truyén thong. Do do,
khong thé phu nhan su thay doi vé cdu trac tinh thé wu tién dinh
hudng (200) cua xic tac CuFe8020 cling 1a mot kha nang 16n
tao ra su khac biét vé hoat tinh khi nitrat cta xuc tac nay so voi
Cu truyén théng.

TAP CHI

HOA HOC

ONG NGHE |e Nam 63(11DB) 11.2021

Xdc dinh ham lwong cdc sin phim trong pha léng ciia
phan ing khir nitrat

Dé nghién ctru d9 bén ciing nhu xac dinh san phim cuia phan
ung khtr nitrat d6i v6i mdi dién cuc, phan tng khtr nitrat ctia cac
dién cyc duogc tién hanh trong binh dién phan ¢ thé khir -1,5 V
trong 30 phiit. Két qua phan tich ham lugng nitrat truc va sau
phan g khir cho thdy, dién cuc CuFe sau 30 phut khir duoc
20,6% nitrat trong dung dich, gép gan 3 lan so véi dién cuc chua
bién tinh Cu (chi dat 7,6%) (bang 2).

Bang 2. Cwong dd dong, néng dd nitrat va hiéu suat Faraday cta
cac san pham pha I6ng cuia phan (ng khir nitrat

Hiéu suat

Cuwong  Nongdd Nongdd nitrat % nitrat o
Xiic the do dong  nitrat con lai sau 30  da dugc F,arada:y c“f cac
dién (mA/ bandiu phit khirtai  khirsau 20 Pham (%)
cm?) M -L,SV(M) 30 phat ) +
™ PRt No.  NH,
Cu ~-54,6 0,50 0,46 7,6 34,2 10,5
CuFe8020 ~-64,5 0,50 0,40 20,6 14,6 39

Ngoai ra, nitrit va amoni 14 2 san pham thudng gip trong pha
long sau phan ung khur nitrat cling da duge phan tich [20-22].
Két qua cho thiy, hiéu sudt Faraday ctia 2 sin phdm nay sau
phan ung khtr nitrat trén dién cuc Cu chua bién tinh la tuong d6i
16n. Hiéu suat Faraday tao NO, trén dién cyc Cu 1a 34,2%, tao
NH," 1a 10,5%. Con phan tng khur nitrat trén di¢n cyc bien tinh
CuFe8020 tao it NO,™ (14,6%) va khong dang ké NH," (3,9%)
s0 voi dién cyc Cu. San phdm con lai cia phan tng khir nitrat
thudng 14 cac san pham khi, trong d6 pho bién la N.. Két qua
nay cho théy, dién cuc CuFe8020 6 hoat tinh khir nitrat t5t hon
v tao it san phim khong mong mudn hon so véi dién cuc Cu
thong thuong.

Nghién ciru nay da tong hop thanh cong vat liéu CuFe bing
phuong phap ma dién héa trén nén dién cuc Cu thong thuong.
Vat liéu CuFe mai cho théy, hoat tinh khtr nitrat b?mg phuong
phap dién hoa cao hon véi luong sin pham khong mong mudn
NO, vaNH," thap hon so véi dién cyc Cu. Ty 1é Cu va Fe trong
qua trinh ma dién cyc CuFe cling dd dugc nghién ctru khao sat
dé t6i wu lam xuc tac cho phan tng kht nitrat, trong d6 dung
dich ma chira 80% Cu va 20% Fe cho két qua la dién cuc CuFe
chtra 84,4% Cu va 15,6% Fe, day la dién cyc khr nitrat tt nhat
trong cac dién cuc khao sat.

LO1 CAM ON

Nghién ctru nay duogc tai trg boi Quy Phat trién KH&CN
qudc gia (NAFOSTED) trong dé tai ma s6: 104.05-2018.02. Céc
tdc gid xin chan thanh cam on.
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Nghién ciru 4nh hwéng ciia cac thanh phan dén tinh chat
cia hat nhya compound chong chay trén co sé polyetylen
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Tom tit:

Trong bai bao nay, anh huéng cia sw két hop cac phu gia chong chay ATH/MPP (nhém hydroxit/melamin
polyphotphat) va cac chit phu gia khac nhw kém stearat (ZnSt) 1én mét s6 tinh chit ciia hat nhua polyetylen (PE)
compound chdng chay trén co sé hat nhwa polyetylen ty trong thip (LDPE) da dwoc nghién ciru. Tong ham lwong
chit chong chay dwgc sir dung 1a 35% vé khdi lwgng. Céc dic tinh co hoc (39 bén kéo va giin dai khi dirt), dd on
dinh nhiét va kha ning chdng chay dwoc xac dinh bing cac phwong phap twong ing ASTM D638, phan tich nhiét
trong lwong (TGA), kinh hién vi dién tir quét (SEM) va thir nghiém UL-94. Két qua thu dwoc cho thay, sir dung két
hop ATH/MPP da lam tang kha nang chéng chay va d¢ bén nhiét ctia hop chit PE. Kha nang chéng chay tot nhat 1a
mau CT ,(15%ATH/20%MPP/2%ZnSt). Gia tri do bén kéo va giin dai khi dirt c6 xu hwong tang nhe khi tang ham
luwgng MPP va dat cuc dai ddi voi mau chi chira MPP. Két qua chup SEM cho thay, viéc bo sung ZnSt da cal thién
sw phan tan cia ATH va MPP trong nén PE. Anh hwéng cia cac phu gia chong chay va ZnSt dén gia tri chi 50 nong

chay ciia hop chét PE ciing dwoe khao sat.

Tir khoa: LDPE, melamin polyphotphat, nh6m hydroxit, phu gia chéng chay.

Chi s6 phén loai: 2.4

Pat van de

PE 1a loai nhya quan trong dugc st dung phé bién trong
doi séng sinh hoat cling nhu san xuét. Ngay nay, nhu cau
su dung hat nhya PE ngay cang tang trong cac thiét bi dién,
day va cap dién, duong Ong xdy dung, tam lop..., vi do bén
co hoc, kha nang khang hoa chat tdt, nhe, cach dlen t6t va
kha nang gia cong dé dang... Py déu la nhing tmg dung
¢6 yéu cau chdng chay 'nghiém ngat. Tuy nhién, PE 1a mét
trong nhiing vat liéu d& chay nhat, khi chay dé lai it hodc
khong dé lai than can. Hon nita, PE nho giot khi chay nén
dé dan dén chay lan [1]. Vi vay, dé ting cuong kha ning
chéng chay cho vat liéu nay, cach phé bién 1 sir dung phu
gia chdng chay. Cac phu gia chéng chay c6 nhiém vy chinh
la ngan can va dap tat qua trmh chay thong qua co ché: tao
16p bao vé trén bé mit pha rin va dap tit gc tu do hoat
dong trén pha khi.

C6 nhiéu phuy gia chong chay hiéu qua cho PE nhu cic
chat chdng chay chira halogen, ATH... Trong d6, do van
dé 6 nhiém méi trudng nén ATH l1a phu gia chéng chay
hién nay dugc st dung rong rai trong polyme nho gid ré,
khong doc nhu chat chdng chay chira halogen. Trong qua
trinh phan huy thu nhiét cia ATH, né s& liy nhiét tir moi
truong xung quanh, do d6 lam cham qua trinh phan huy
ctia chit nén polyme. Nudc ciing dugc giai phong va lam
loding cac chat bay hoi d& chay dugc tao ra bai polyme.
Hon nita, ATH phan huy thanh AL O, tich ty trén bé mit cua
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mau, tao thanh mot 16p ngin cach nén polyme v&i ngudn
nhiét. N6i chung, ATH vira la chit don, chng chay va chat
phan tan khoi trong vat liéu polyme. Tuy nhién, dé dat duoc
hiéu qua chdng chay phai sir dung ATH véi ham lugng cao
(khoang 60% trong lwong). Didu nay c6 anh hudng tiéu cuc
dén tinh chat co 1y cuia vat liéu polyme. Nhimng van dé nay
¢6 thé dugc giam thiéu bang cach sir dung két hop ATH voi
céc chét chong chay khac dé giam téng ham luong phuy gia
chdng chay duoc sir dung [2].

ATH c¢6 thé sir dung két hop véi cac chit chong chay
trén co s¢ photphat nhu amoni photphat, MPP... Trong d6,
MPP la chét chong chay khong chira halogen dién hinh ¢
chtra cac thanh phan nito va phét pho. MPP ¢6 uu diém 1a
khong ddc, it khoi, khong an mon va co6 kha nang tao ra cac
san phdm c6 mau sang so vGi phot pho do dugc st dung
rong rai hién nay [3]. MPP chu yéu dugc su dung két hop
v6i cac chat chong chay khac, nhu mudi phdt phat kim loai,
hydroxit kim loai va cac hop chat phét phat. No duoc dic
trung boi tinh 6n dinh nhiét t6t va it anh huong dén nhiét do
thity tinh hoa (Tg). Dudi tac dung cia nhiét, cac dan xuat
melamin bi phan huy theo cach thu nhiét (tan nhiét) va giai
phong cac hop chit khi chta nito tro (vi du amoniac) lam
lodng 6xy va cac khi dé chay trong dam chay. Khi phan huy,
axit photphoric ciing duoc tao thanh va thac ddy sy hinh
thanh 16p than cach nhiét trén bé mat cia polyme [4].

Xu thé hién nay 1a sir dung compound chéng chay trén
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Abstract:

In this paper, the effects of a flame retardant system
combining ATH/MPP (aluminum hydroxide/melamine
phosphate) and the other additives such as zinc stearate
(ZnSt) on some properties of flame retardant PE compound
based on LDPE were studied. The total flame retardant
content was 35% by weight. Mechanical properties (tensile
at break, elongation at break), thermal stability, and fire
resistance were determined by the respective methods
ASTM D638, thermogravimetric analysis (TGA), scanning
electron microscope (SEM), and UL-94 test. The obtained
results showed that using the combination of ATH/MPP has
increased the fire resistance and thermal stability of the PE
compound. The sample CT, (15%ATH/20%MPP/2%ZnSt)
achieved the best fire resistance. The mechanical properties
increased slightly when increasing the content of MPP and
reached the maximum for samples containing only MPP. The
SEM micrographs showed that the addition of zinc stearate
improved the dispersion of ATH and MPP in the PE matrix.
The effect of flame retardant additives and zinc stearate on
the melt index value of the PE compound was also surveyed.

Keywords: aluminum hydroxide, flame retardant additives,
LDPE, melamine phosphate.

Classification number: 2.4

co s& PE nho wu diém: sy phan tan phy gia trong nhyra dong
déu hon, giam nhiing cong doan trdn phuc tap, gidm chi
phi v¢ sinh thiét bi. Hat nhua compound chéng chay dugc
ché tao tir nhya nén, phu gia chéng chay va céac phu gia
khac. Trong bai b4o nay, ching toi tap trung nghién ctru anh
huong cua td hop phu gia chdng chay ATH/MPP va phu gia
ZnSt dén kha ning chong chay, tinh chit co 1y, tinh chat
nhiét va chi sé chay (MI) cuia hat nhya compound nay.

Nguyén liéu va phuong phap nghién ciiu
Nguyén liéu

ATH v6i D,=1,772 um (Trung Qudc) va MPP véi
D <5 pm (Trung Qudc). LDPE ¢6 ty trong 0,92 g/cm?, MI

(190°C, 2,16 kg)=3,5 g/10 phut (Malaysia). ZnSt dang bdt,
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mau trang, nhiét d6 nong chay 120°C (Viét Nam).
Phwong phap

Phirong phép chuan bi mau: LDPE va phu gia dugc siy
& 70°C trong 4 gid. Ham lugng phu gia chdng chay dugc st
dung 13 35% véi cac ty 1& khdi lugng ATH/MPP khac nhau:
25/10,20/15, 15/20. Ham lugng phu gia phan tan ZnSt dugc
thém vao 2% khdi luong. Thanh phan PE compound chong
chay cu thé dugc dua ra & bang 1. Hat nhya PE compound
chéng chay duogc ché tao bang phuong phap trén néng chay
& 160°C, toc do 50 vong/phut, thoi gian 10 phut trén thiét
bi tron kin Brabender Plasticor (Ptc, Vién Hoa hoc). Sau
d6, mau duoc lay ra va ép thanh tam c6 kich thudc 110x110
mm, do day 3,2 mm & 160°C dudi tai trong 5 Mpa.
Bang 1. Thanh phin cac cong thirc PE compound chdng chay
khao sat.

Thanh phén theo khéi lwong (%)

STT In?él:ngu i Phu gia chong chdy P 'll;r‘;l;ggl;l:/(:;
ATH MPP
1 CT, 35 0 65 100
2 CT, 25 10 65 100
3 CT, 20 15 65 100
4 CT, 15 20 65 100
5 CT, 0 35 65 100
6 CT, 2 20 15 63 100
7 CT 2 15 20 63 100

7

Phwong phap phan tich, danh gia: thir nghiém kha nang
chéng chay duoc thuc hién trén thiét bi do d6 bén chay GT-
MC35F-2 (btic) theo tiéu chuén UL-94 tai Vién Hoéa hoc.
Mau thi nghiém dugc d6t boi mot ngon ltra moi chay sau 10
giay va ghi lai thoi gian chay t , néu ¢ sy ty tat chay thi tiép
tuc moi chay 10 glay va ghi lal thoi gian chay t,. Sau khi tat
chay 1an 2 ¢ thé mau con tan than du, thoi gian dugc ghi
la t,. Theo do, ca 3 méc danh gia kim ham va chdng chay
cua polyme la V-0 (kha nang kim ham va chong chay tét),
V-1 (kha ning kim him va chong chay tot nhat) va V-2 (kha
ning kim ham va chong chay trung blnh) Thoi gian chay
cang giam thi kha nang chéng chay cang tét.

Thir nghiém co 1y: duoc thyc hién theo tiéu chuan ASTM
D 638 trén thiét bi do co 1y da nang AI-7000M (Puc, Vién
Hoa hoc).

Hinh thai hoc bé mat duogc quan sat trén SEM - JSM -
6510LV (Joel, Nhat Ban) tai Vién Ky thuat nhiét déi. Bé
mit mau dugce phit mot 16p bac mong bang phuong phap
bdc hoi trong chan khong dé ting do tuong phan.

TGA dugc xéac dinh trén thiét bi TGA 209F1, Netzsch
(Ptc) tai Vién K¥ thuat nhiét déi. Mau dugc dung trong
chén platin, gia nhiét véi tdc d6 10°C/phut trong mdi trudng
khong khi tir nhiét d6 phong dén 900°C.
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Thtr nghiém MI: do ¢ 190°C voi tai trong 2,16 kg theo
tiéu chudn ASTM D 1238 bing thiét bi do MI BP-8164-A
instrument (Trung Qudc) tai Cong ty TNHH Céng nghé va
Dich vu Thuong mai Lac Trung.

Két qua va thio luan

Ddinh gia khd nding chéong chdy cia hat nhwa PE
compound chong chady

Kha ning chdng chay cta vat liéu duoc danh gia trén céc
mau thong qua thoi gian chdy t, t, va t; sau cac lan d6t thur
nghiém theo tidu chuan UL-94. Két qua duoc trinh bay ¢ bang 2.
Bang 2. Két qua thtr nghiém UL-94 ctia PE compound chira ty Ié
ATH/MPP khac nhau.

Thoi gian chay

Ky hi¢u miu Xép loai
t, t,
CT, - - HB
CT, 13,2 12,7 V-2
CT, 12,4 11,8 V-2
CT, 10,8 10,5 V-1
CT, 12,6 11,9 V-2
CT, 11,8 11,3 V-2
CT 10,4 10,1 V-1

7

Ghi chti: HB: mau chay theo ngon Ira & vi tri ngang véi toc dd it hon 3 inch/
mm, c6 kha nang tu dap Ira nhung xép loai thAp nhat trong UL 94; V-2: mau
chay trong vong 60 gidy véi ngon Itra & vi tri doc, cd nhd giot, xép loai nay tét
hon HB; V-1: mau chdy trong vong 60 gidy v&i ngon Itra & vi tri doc, khéng nhd
giot, xép loai nay tét hon V-2.

Két qua cho thiy, mau chira ATH ham luong 35% (CT)) chi
dat chong chay theo phuong ngang (HB). Khi két hop them
MPP, kha ning chong chdy cua vat liéu c6 xu hudng tang lén.
Trir CT,, cac mau con lai déu tu dap tit sau 2 lan dot nén t,
duoc 10a1 bo. Piéu nay co thé 1a do ATH va MPP c6 kha nang
thu nhiét sinh ra tir PE compound chay ¢ nhi¢t d§ cao nén gop
phén lam giam kha nang chay cua PE compound. Khi thay thé
toan bd ATH bang MPP (CT,) thi kha nang chdng chay lai giam
di so v6i CT, va dat mirc chong chay V2. Thoi gian chdy cua
cac mau chua két hop ATH/MPP déu thip hon méu chi chira
ATH hodc MPP. Nhu véy da c6 tac dung hiép dong giira MPP
va ATH lam tang hi¢u qua chdng chay 1a do hinh thanh AIPO,
hodc céc san pham hitu co khéc c6 thé lam loang cac khi de
chay va thuc ddy hinh thanh 16p can than, 16p cin nay tich tu
trén bé miat polyme tao thanh 16p bao vé ngan can su tiép xuc
véi 6xy khong khi [5].

Khi bo sung 2% ZnSt (CT,, CT.) thi thoi gian chay t , t, déu
giam so Vi mau tuong ing ma khong 6 ZnSt (CT,, CT ) Két
qua nay co the do tac dung lam tang kha nang phéan tan ATH va
MPP vio nén nhya PE cta ZnSt. Sy phan tan tt hon giup cho
céc hat chat chdng chay phan bb dong déu trong nén PE, do do
lam tang hidu qua chdng chdy cua vat liéu nay.

Nhu vy, qua thr nghiém chong chdy, mau CT, c6 kha nang

chong chay t6t nhat trong cac mau khao sat do th(n gian chay
thap nhét va dat xép loai V-1 theo tiéu chudn UL-94.
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TGA

TGA dugc thyc hién dé xdc dinh d6 6n dinh nhiét cua vt
liéu ndi chung va vat liéu nhua chong chay noi riéng. Két qua
TGA duogc trinh bay ¢ hinh 1.

100 -
90 -
80 -

1-CT, (ATH)
2-CT, (ATH/MPP:25/10)
3-CT; (ATH/MPP:20/15)
4-CT, (ATH/MPP:15/20)
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Hinh 1. Két qua TGA.

Két qua hinh 1 cho thay, t6 hop chi chira ATH (CT ) bt
dAu phan huy nhiét & khoang 300°C va c6 2 giai doan mét khoi
luong chinh. Pidu nay 1a do ¢ nhiét do nay nudc bat ddu giai
phong khoi tinh the ATH di vao pha khi, dn dén hinh thanh tai
chd mét 16p khoang ALO, [6]. Mau PE chi chira MPP bét dau
phan huy nhiét & gan 400°C khi d6 cac nhom photphat tré nén
co tinh axit va xuc tac phan (g ngung tu gitta cac vi tri hoat
dong trén chudi polyme trong chit nén, ddn dén sy hinh thanh
16p than & bé mit khi chdy. Melamine phan huy dong thoi,
giai phong khi nito tro va lam cho 16p than ng ra. Lop chin
duoc hinh thanh vira ngan khong cho 6xy tlep can polyme, vira
giam thiéu su thodt ra ngoai ciia cac san pham chay, gitip dap
tat ngon lira mot cach hiéu qua [7]. O cac miu c6 su két hop
ATH va MPP, nhiét do bét dau phan huy cao hon 400°C va khoi
luong mau con lai 16n hon khi chi chira ATH hodc MPP. ATH
két hop MPP khi phan huy nhiét s€ tao thanh 16p AIPO, hoac
cac san pham hiru co khac co thé lam loang cac khi dé chay
va thic day hinh thanh 16p can than, 16p can nay tich tu trén
bé mit polyme tao thanh lop béo v€ ngan can su tlep xuc véi
oxy khong khi [5 ] Luong chat con lai 16n hon ¢6 thé 1a do 16p
AIPO, tang do bén véi nhiét cua 16p khoang AlLO, va l6p can
than. Nhu vay, khi két hop ATH va MPP da cai thlen dang ké
d6 bén nhiét ciia PE compound chéng chay.

Tinh chit co ly

Tinh chat co 1y ciia hat nhya compound phu thudc nhiéu
vao qua trinh phéan tan va tuong hop cua cac thanh phan phu
gia trong nhya nén. Két qua ¢ bang 3 cho thay, g1a tri d bén
kéo va gidn dai khi &t cia cac mau déu thap hon mau chi chira
MPP (CT)). Gid tri co Iy thap nhat & mau chi chira ATH (CT)).
Khi két hop MPP vao thi d6 bén kéo va gidn dai khi dut ¢6 xu
huéng ting nhe so voi mau chi chita ATH va dat cao nhét khi
thay thé hoan toan ATH bang MPP. Hién tugng nay c6 thé 1a do
ATH 1a chit khoang v6 co nén c6 kha nang tuong thich kém véi
nén nhua, con MPP 1a loai chit chong chay hitu co c6 kha ning
tuong thich cao hon nén lyc bam dinh manh hon.



Bang 3. Két qua do dé bén kéo dirt va dé gian dai khi diet.

o x Chi tiéu co' ly
Ky hi¢u mau <
Dy bén kéo dirt (Mpa) D9 gian dai khi duct (%)

LDPE 22,6+0,20 186,1+3,5
CT, 14,5+0,26 40,2+1,2
CT, 15,7+0,25 65,1+1,5
CT, 16,8+0,21 78,6+2,1
CT, 17,5+0,19 92,3+£2,6
CT, 18,9+0,28 133,1+3,7
CT, 17,8+0,19 80,3£1,6
CT 18,4+0,18 93,5+1,8

7

Céc mau CT,, CT, duoc bo sung thém 2% ZnSt tao thanh 2
mau mdi la CT, va CT,. Kt qua thu nghi¢m cho thay, d6 ben
kéo va gian dai khi dut dugc cai thién nho bo sung ZnSt. Diéu
nay c6 thé 1a do tac dung ting cudng su phan tan cia ZnSt,
gitip cho céc hat phu gia chong chay phan tin vao nén nhya tot
hon. Nho d6, cau tric vat liéu dong déu hon nén tinh chat co
Iy t6t hon.

Hinh thdi hoc bé mt

Hinh énh SEM bé gay bé mat clia cac mau duge thé hién &
hinh 2. Tir hinh anh SEM (A) dén (E) cho thdy cac hat MPP va
ATH phan tan kém trong nén nhya. B& mat min hon duoc thé
hién trong anh SEM (F) va (G) la cac mau c6 chira 2% ZnSt,
da ching minh ring cac hat ATH, MPP phan bd dong déu hon
khi so sanh v&i mau cung ham lwong ATH va MPP. Cac pha
ATH va MPP xuat hién khong 16 trong (F) va (G) 1a do ZnSt da
gitip phan tan déu cac pha ATH va MPP trong nén nhya PE.

Hinh 2. Hinh thai hoc bé mit cét cua cac mau. (A) CT, (PE/ATH-
35%), (B) CT, (PE/MPP-35%), (C) CT, (PE/ATH-25%/MPP-10%), (D)
CT, (PE/ATH-20%/MPP-15%), (E) CT, (PE/ATH-15%/MPP-20%), (F)
CT, (PE/ATH-20%/MPP-15%/ZnSt-2%), (G) CT,(PE/ATH-15%/MPP-
20%/ZnSt-2%.
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MmI

MI dac trung cho su 6n dinh ciia polyme trong qué trinh
tron nong chdy. Anh huong cua ty 1¢ ATH/MPP va ZnSt dén chi
s0 chay dugc trinh bay ¢ bang 4.

Bang 4. Két qua do MI.

LDPE CT, CT, CT, CT, CI, CT, CT,

Gia tri MI (g/10 phut) 3,45 51 192 21 235 25 342 343

Ky hiéu mu ,

Két qua cho théy, phu gla chéng chdy lam giam dang ké
MI cua nhya PE ban dau va gia tri MI rat khac nhau ¢ céc ty 1€
ATH/MPP khac nhau. Nhung khi bd sung ZnSt (CT,, CT,) thi
MI tang Ién va c6 sy khac nhau khong dang ké khi tylé ATH/
APP thay doi. Két qua nay chi ra rang ZnSt gitp on dinh MI
cua vat liéu.

Két luan

Su anh hudng clia mot s6 loai phu gia chéng chay va ty 1¢
thanh phin ATH/MPP dén tinh chat hat nhya PE compound
chdng chay da duoc nghién ctru. Két qua cho thay, cac gia tri co
1y ting nhe khi ham lwong MPP ting va dat 16n nhat khi mau chi
chira MPP. Két hop ATH/MPP ciing gép phin lam ting do on
dinh nhiét va tang nhe khi lugng con lai sau nung.

Khao sat anh hudng ciia phu gia trg phan tan ZnSt dén mot
s0 tinh chét cta hat nhya PE compound chéng chay. Qua anh
SEM cho théy, sy phén tan ciia ATH, MPP hoic ATH/MPP trong
nén PE chua t6t. Khi bo sung 2% ZnSt gitip cai thién sy phan
tan cia ATH/MPP nén lam ting hiéu qua chdng chay, cai thién
d6 bén kéo va gian dai khi dut, on dinh MI cho PE compound.

_ Thir nghiém UL-94 cho thz?iy, trong cdc me:luq khao sat thi
mau dat kha nang chong chay tot nhat khi chira t6 hop phu gia
15%ATH/20%MPP/2%ZnSt, xep loai V-1.
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Nghién ciru phat trién thiét bi danh gia d on dinh cia phan bon hitu co
dwa trén phwong phap xac dinh lwong oxy tiéu thu theo nguyén tic do 4p suat
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Tém tit:

Phén bén hiru co hay phian compost/phin @ 13 sin phdm quan trong trong xu hwéng phat trién nong nghiép cong
nghé cao hién nay. Pd 6n dinh ciia loai phan nay khong chi 12 mot thong sé chét lwegng quan trong ma con cé thé
dwgc sir dung dé theo doi hiéu qua clia qua trinh @ (composting). Nghién ciru nay da phat trién duwge mdt thiét bi
danh gia d¢ 6n dinh ciia phan compost dwa trén phwong phap do lugng dxy tiéu thu sir dung nguyén tic do ap suit.
Thiét bi tw ché tao nay c6 thiét ké cai tién, khic phuc dwgc nhwrge diém con ton tai trong cac thiét bi do thwong mai
c6 cung nguyen ly hoat dong, trong d6 mAu compost dwgce chira trong cac gia dé mau dat gitra binh trong khi khi CO,
sinh ra dwgc hép thu boi dung dlch KOH ¢ day binh. Thiét bi c6 kha ning hoat dong dgc 1ap voi dir liéu duoge ghl
trén thé nhé ma khéng can két ndi véi may tinh. Sau khi ché tao, thiét bi da dugc kiém tra hoat djong trong phong
thi nghiém dé danh gia lrgng 6xy tiéu thu ciia 2 miu phian compost thuce té. Két qua cho thiy, 2 miu nay déu dap
irng dwge quy dinh vé dd 6n dinh ciia phan compost theo tiéu chuin Lién minh chau Au véi lwgng dxy tiéu thu trong
4 ngay (AT4) nhé hon 10,0 mg O,/g compost.

Tir khéa: AT4, do ap suit, dd 6n dinh, oxy tiéu thy, phin bén hiru co.
Chi sé phdn logi: 2.7

Dat van dé dinh d¢ 6n dinh cua loai phan ndy [4]. Trong phuong phap do ho
hép, ¢6 3 k§ thuat thong dung, gdm: phép do nhiét do, lwong CO,
tao thanh va O, tiéu thu. Trong do, k¥ thuét do lugng O, tiéu thu
dugc chép nhan rong rai hon ca va cho biét chinh x4c céc thong tin
vé& mirc do hoat dong cua vi sinh vat trong phan compost. Day cling
1a phuong phéap dugc sir dung trong céc tiéu chuan cia My dé xac
dinh d¢ 6n dinh cua phan compost [5].

Phén bén hitu co hay phan compost/phan @ 1a san pham tao
thanh sau qua trinh phan huy sinh hoc cta céc chat hitu co boi cc
tap doan vi sinh vat, c6 bé ngoai giéng nhu mun, xép, giau dinh
dudng, dugc st dung lam phan bon va cai thién chat luong dat [1].
Do 6n dinh 1a mot tidu chi quan trong dé danh gi4 chat luong cua
phan compost trude khi dua vao sir dung. Do on dinh c6 thé dugc
dinh nghia 1a mtrc do phan hiy cia vat lidu hiru co, dic trung cho Gia tri lugng O, tiéu thu dugc sir dung dé theo ddi hoat dong
hoat dong ctia céc vi sinh vt trong phan compost [2]. Phan bon  sinh hoc trong didu klen hiéu khi va dugc p dung dé danh gia do
hitu co chwa 6n dinh chita céc vi sinh vat dang hoat dong manh, on dinh cia phan compost twong tu nhu phép do nhu cAu oxy sinh
qué trinh phan huy van tiép dién, c6 thé tao ra cac mam bénh va hoa (BOD). Viéc do lugng Oxy tiéu thu co thé dugc thyc hién theo
mui khé chiu, anh huéng t6i sy ndy mam ciing nhu sinh truéng nguyén tac do ap suat hodc dién hoa. Trong do, viéc do dp suat co
ctia cay. Khong chi 1a mét thong sé chat lugng quan trong, do on  the thuc hién mt cach don gian va c6 chi phi thap hon. Lugng oxy
dinh con ¢6 thé duoc sir dung dé theo dbi hiéu qua cua qua trinh tlé}l thy trong truong hop do 4p sudt co thé dugc tinh theo cong
i ciing nhu dimg dé so sanh giita cac phuong phap san xuat phan ~ thuc saw:
compost khac nhau [3].

0c = Amg, _ Mo, x Ang, _ Mg, XVgxAP (1)
Do qua trinh 0 ciing nhu hoat dong str dung trén thyc té déu Meompost - Meompost  RXTXMcompost

dién ra trong diéu kién hiéu khi, nén do ho hap 1 phuong phap  trong d6: OC: luong tiéu thy 6xy (mg O,/g compost kho); m,, -
pho bién nhat dé danh gia hoat dong cua vi sinh vat trong phan  khdi luvong ciia mau phan compost kho (g) Mo, kh01 luong mol

compost, hay néi cach khac 1a phuong phap thich hop nhit dé xic ~ phén tir clia 6xy =32.000 mg/mol; Ano,: bién thlen vé s6 mol cua
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Abstract:

Organic fertilizer or compost is an essential product in
the current trend of high-tech agricultural development.
Compost stability is not only an important quality
parameter but can also be used to monitor the efficiency
of the composting process. This study developed a device
to evaluate the stability of compost based on the oxygen
consumption method using the principle of pressure
measurement. This homemade device has improved
design, overcoming existing weaknesses in commercial
equipment with the same operating principle. In which,
the compost sample is put in the containers placed in the
middle of the bottle while the produced CO, is absorbed
by the KOH solution at the bottom. The device is capable
of working independently with the data recorded on
the microSD card without connecting to a computer.
The device is operationally tested in the laboratory to
assess the oxygen consumption of two actual compost
samples. The results showed that these samples both
meet the EU’s regulations on compost stability with
oxygen consumption in 4 days (AT4) less than 10.0 mg
O,/g compost.

Keywords: AT4, compost, oxygen consumption, pressure
measurement, stability.

Classification number: 2.7
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oxy (mol); Vg: the tich cua pha khi trong binh phan tmg (1); 4P
bién thién vé 4p suét trong binh phan tmg (mbar); R: hing so khi Iy
tuong =83,14 (mbar.l/mol/K); T: nhiét d¢ (K).

Lugng o6xy tiéu thy thuong duge tinh trong 4 ngay va ky hi¢u
1a AT4 (hodc RI4, twong ty BOD5). Theo céc tiéu chuan ciia Lién
minh chau Au (EU), phan hitu co dugc coi 13 6n dinh khi ¢6 gi4 tri
AT4 khong vugt qué 10,0 mg O,/g compost (kho). Gia tri AT4 theo
quy dinh ciia Pirc va Ao 12 5,0 mg O ,/g compost [3].

Hién nay, da co mot 50 thiét bi thuong mai danh gia d¢ 6n dinh
cua phan compost dua trén k¥ thuat do lugng oxy tiéu thy, trong
d6 2 thiét bi sir dung hai nguyén 1y do khac nhau dwgc dung pho
bién nhét la OxiTop (do 4p suét) va Sapromat (dién hoa). Arias va
¢s (2012) [6] da str dung thiét bi Sapromat & do do 6n dinh cuia cac
mau phéan compost ¢6 thanh phan bin ky khi tron 1an véi sdy sau
khi 1 90 ngay. Binner va cs (2012) [7] da str dung dong thoi thiét
bi Sapromat va OxiTop dé do AT4 voi mot luong 16n mau, khong
chi phan compost (28 miu) ma con gdm cac mau tir nha méay xi Iy
chat thai (74 mau), bai chon lap rac thai (42 mau), san xuét biogas
(6 mau), rac thai d6 thi (19 mau). Két qua cho thiy, c6 mbi twong
quan tuyén tinh manh giita hai thiét bi (hé s twong quan 1a 0,993).

Trong nude ciing da c6 nhimg nghién ctru danh gia chat lugng
ctia phan compost [8-11], tuy nhién hau hét cac nghién ciru nay
déu chi tap trung vao do hoai ma chua quan tim nhiéu t6i o 6n
dinh. Ngoai ra, hién chua c6 nhom nghién ctru nao ¢ Vit Nam
phat trién cac thiét bi dé danh gia do 6n dinh cta phan compost.
Tiéu chuan Viét Nam [12] dua ra chi tiéu dua trén k¥ thuat do nhiét
d6 va c6 thé coi 14 tiéu chuan danh gia vé d on dinh. Tuy nhién,
khong c6 quy dinh chit ché vé khoang cho phép ciia bién dong
nhiét d9. Lé Thi Kim Oanh va cs (2015) [13] da st dung k¥ thuat
do nhi€t do nhung dya theo Tiéu chuan chau Au v6i bién d9 nhiét
cho phép +5°C dé danh gi4 do on dinh ctia phan compost tao ra tir
bun thai nha may xir 1y nudc thai ché bién ¢4 da tron. Viée sir dung
k¥ thuat do nhiét d6 mac dit don gian nhung c6 thé dua dén két qua
kém chinh xac hon so védi k¥ thuat do lugng 6xy tiéu thu.

Tuy di ¢6 cac thiét bi thwong mai (dua trén nhitng nguyén tic
khac nhau, tiéu biéu la Sapromat va OxiTop), nhung ching déu
¢6 han ché 1a gi4 thanh cao. Hoat dong cua thiét bi Sapromat dién
ra ty dong nhung phirc tap. Bén canh d6, mac du dé st dung hon,
nhung thiét ké cua thiét bi OxiTop con ¢ nhimg nhugc diém cén
khéc phyuc nhu: mau compost dugc dat dudi day binh va khi CO,
sinh ra dugc hap thu boi KOH dang ran hoic dung dich dat trong
mot b phan chtra nam phia trén binh. Thiét ké nay co nhiéu han
ché boi: i) KOH dit & phia trén binh khién cho viéc trao doi khi
dién ra kho khan hon do han ché vé dién tich tiép xuc va khong
thé khudy tron; ii) DOi v6i nhimg méau compost chura 6n dinh, CO,
sinh ra 16n, lugng KOH st dung bi gidi han boi bd phan chira nho
¢6 thé khong du dé hap thu triét dé luong CO, sinh ra.

Nghién ctru nay duoc thyc hién voi muc tiéu phat trién mot
thiét bi danh gia do 6n dinh ciia phan compost dua trén phuong
phdp do lugng 6xy tiéu thu theo nguyén tic do 4p suat (goi 1a
thiét bi do compost). Do ¢6 nhiéu sy tuong dong vé nguyén ly
hoat dong, thiét bi do compost dugc phat trién dwa trén co s thiét
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bi BOD ty ché tao trude d6 [14, 15], dong thoi khic phuc nhiing
nhuge diém vé thiét ke hién c6 trén thiét bi thuong mai OxiTop.

Thuc nghiém
Thiét bi, dung cu va héa chit

Cac linh kién dién tir duoc st dung dé ché tao thiét bi bao
gdm: vi diéu khién AVR2560 (Atmel, My), cim bién do ap suit
HSCSAAN160MDAAS (Honewell, M), bd chuyén doi tin hiéu
twong tu - s (ADC) ADS1256 24 bit (Texas Instrument, My),
cam bién do nhiét d6 DS18B20 (Maxim Integrated, M§), chip tao
thoi gian thye DS3231 (Maxim Integrated, My), man hinh hién
thi LCD 16x2 ky tu (Hitachi, Nhat Ban), thé nhd microSD 16 GB
(Samsung, Han Qudc) va b cap ngudn 12 VDC.

Binh thuy tinh 1 1 (Duran, Dtrc) dugc st dung lam binh phan
ung. Nap binh dugc ché tao tir vat li¢u polyoxymethylene (POM)
c6 gan gia dé mau lam bang inox 304.

Hoa chit KOH rén (98%, Samchun, Han Qudc) dugc sir dung
dé hap thy CO, sinh ra trong cac thu nghlem danh gia hoat dong
ciia thiét bi trong phong th1 nghiém. Mot s dung cy va thiét b
phu trg khac bao gom ti u 6n nhiét FOC 245E (VELP Scientifica,
Y), can phan tich 4 s6 (KERN, Pirc), méy loc nu6e deion Milli-Q
(Merck Millipore, D).

Lay mdu

Miu phan bén hitu co thi nghiém gdm phan bo @ hoai va trin
qué nguyén chat xuat xu Viét Nam; moi mau c6 khoi luong 2 kg,
dugc dat mua tir cira hang vat tu phan bon trén dia ban Ha Ngi.

Phat trién thiét bi

Vigc phat trién thiét bi dwoc tién hanh theo cac bude tuong
tw nhu trong cac nghién ciru trude ddy [14]. Bén canh sy ké thira
(st dung ctng binh do va cam bién do 4p suit) nhu trong thiét
bi do BOD-pH [15], mét s6 thay dbi dang ké trong thiét ké hé
thong mach dién tir da dugc thuc hién nhdm dap tng céc yéu
cau voi dbi tuong méi, bao gdm: st dung mot mach bo chuyen
ddi twong tu - s6 (ADC) 10, tich hop thé nhd microSD dé luu
trir s6 liéu, thay d6i cam bién do nhiét do. Ngoai ra, mot IC ciing
duoc thém vao hé théng nham 1éy thoi gian thyc tai thoi diém
s6 liéu duoc do. Pién cuc do pH ciing dugc loai bo do mau do
1a loai ran. Cam bién do ap suét duoc hiéu chuan dé chuyén doi
tin hi¢u dién thanh tin hiéu ap suét. Viéc hiéu chuan nay dugc
thue hién tai Vién Do luong Viét Nam, twong ty nhu nghién ctru
trude day [14, 15].

Bén canh d6, nhim khic phyc cac nhugc diém cua thiét bi
OxiTop cho compost thuong mal mau compost trong thiét bi
moi dugce dat trong cac gla dé mAu nam ¢ gitra binh do va dung
dich KOH st dung dé héap thu CO, duge bom vao dudi day binh.
Gia dé mau nay dugc ché tao méi bang inox, thay thé cho bd
phan hap thy CO, trong thiét bj BOD-pH. So d6 cua thiét bi
dugc trinh bay ¢ hinh 1.
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Binh thay tinh 11
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Hinh 1. So’ db thiét bi danh gia do én dinh cia phan compost.

Thiét bi do compost

B6 phan dién tir

Thir nghiém hoat dgng ciia thiét bi trong phong thi nghiém

Sau khi ché tao va hiéu chun, thiét bi do compost dugc danh
gia hoat dong trong viéc xac dinh do 6n dinh cta 2 mu phan bon
hitu co trong thyc té. Lugng phan compost sir dung 1a 10 g va
lugng CO, sinh ra dugc hép thu boi 250 ml dung dich KOH ndng
d6 0,25 M Toan b thiét bi (binh do va bo phan dién tr) dugc dat
trong tu  BOD va giit ¢ nhiét d¢ 20°C trong vong 4 ngay. Tu két
qua chénh Iéch ap suit trong binh va nhiét do, lugng oxy tiéu thu
duogce xac dinh. Céc s6 liéu thuc nghiém va két qua dugc tinh toan
trén phin mém Microsoft Excel phién ban 365 (Microsoft, My).

Két qua va thao luan
Két qud phdt trién thiét bi

Thiét bi do do 6n dinh ctia phan bon hitu co (thiét bi do
compost) gom 2 phan chinh: binh do va bg phan dién tir diéu khién
(hinh 1). Bo phan dién tir didu khién 1a noi ghi nhan, xu Iy s6 liéu
thu duoc tir cac cam bién ap suat va nhiét do. Nhu d trinh bay,
do su twong dong vé nguyén tic do, cam bién do ap sudt dugc
str dung trong thiét bi do compost twong tu nhu trong thiét bi do
BOD-pH ty ché tao (HSCSAAN160MDAAS cta Honeywell, My,
voi khoang do tir -160 tdi +160 mbar, d chinh xac +0,25%) [15].
Trong thiét ké méi nay, thay vi st dung bo ADC ndi (10 bit) tich
hop trong vi diéu khién, mot b chuyén dbi twong tw - s6 ADC
ngoai véi do phan giai cao hon da dugc sir dung nham ting cuong
do nhay ¢ ving ap suét thip. Bo chuyén dbi ADC ADS1256 (24
bit) cua Texas Instruments da duogc Iya chon. Bén canh do, cam
bién do nhiét d¢ ciing dwgc thay doi dé c6 thé dat trong binh do
thay vi dit trén mach dién tir. Cam bién sir dung trong nghién ctru
ndy 1a DS18B20 (Maxim Integrated, M) c¢6 khoang do -55 dén
125°C va sai s6 £0,5°C khi do ¢ dai -10 dén 85°C, hoan toan dap
{mg duoc khoang 1am viéc cua thiét bi (thuong do & 20-37°C [6,
7]). Ngoai ra, mgt IC thoi gian, DS3231 (Maxim Integrated, My)
hoat ddng véi kiéu dao dong bu nhiét o (TCXO) & tan sb 32,768
kHz ciing dugc thém vao nhim ldy thoi gian thyc tai thoi diém sb
liéu dugc ghi nhan. Mot thay doi quan trong khac vé mit dién tir 1
thiét bi ¢6 thé van hanh doc 1ap véi két qua duoc luu lai trong thé
nh¢ (microSD Evo plus, Samsung, Han Quoc) dung lugng 16 GB
gin trén mach dién tir thay vi phai két ndi voi mdy tinh nhu trude.
So db nguyén ly cua bo phan diédu khién duoc thé hién & hinh 2 va
hinh anh thyc té cua bo phan dién tir sau khi hoan thié¢n dugc minh
hoa ¢ hinh 3.
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Man hinh Cém bién nhiét do
LCD 16x2 DS18B20
Vi diéu khién
AVR2560 —_—
Thé nhé B4 chuyén déi mrong tiz - 56
microSD 16G \ ADS1256
IC thdi gian thye Cam bién &p suat
DS3231 160MDAAS

Hinh 2. So’ d6 nguyén ly ctia bo phan dién ti.

Hinh 3. B§ phén dién tir diéu khié:-n cua thiét bi do compost. (1) Ngudn 9
VDC; (2) Cém’bién do nhiét do; (3) Ong dan khi ndi véi dau doi chieu cla cam
bién do ap suat; (4) Ong dan khi noi dau do clia cam bién do &p suat vgi binh
phan ¢ng; (5) man hinh LQD; (6),Cém bién dc? ap syét; (7) Bo ADC ngoai; (8)
Thé nhé microSD; (9) Vi diéu khién; (10) Bo dong ho thoi gian thie.

Trong céc thiét bi do compost thuong mai nhu OxiTop, mau
phan bon hiru co duge dat dudi day binh do va khi CO, sinh ra
dugc hép thu boi dung dich KOH dit trong mot bo phan chua
nam & gitra binh. Nhu da phan tich, viéc dat dung dich KOH &
phia trén nhur vy c6 thé dan dén kha nang hép thy CO, kém hi¢u
qua do thiéu sy khuay tron va han ché vé dién tich tlep xuc. Gidi
phap & ddy 1a thay doi cach tién hanh thiét ké cua binh do trong
d6 méau phan bon hitu co s& duoc dit trén mot gia do nam giita
binh, khi CO, sinh ra s& dugc hép thy bing dung dich KOH &
day binh. Dung dich nay s& dugc khudy tron lién tuc bang mot
may khudy tir dé ting cuong kha nang hip thu CO, , dong thoi
tiry thudc vao te do khuay ma c6 thé tao sy xdo tron trong pha
khi, gitip qua trinh trao d6i khi dién ra hiéu qua hon.

Gia dé mau duoc ché tao bang vat liéu inox 304 dé han ché
sy 4n mon trong moi truong kiém dic. Gia nay gdm hai khay
chtra c6 hinh dang va kich thudc twong dwong nhau (duong kinh
day 60 mm, chiéu cao thanh 10 mm, day 3 mm) (hinh 4A). Diém
khac biét duy nhét 1a mat day cua khay phia trén dugc duc cac
16 voi duong kinh 1 mm. Viéc sir dung mat day véi 16 duc nhdm
tang cuong kha ning trao doi khi cia mau véi khong khi trong
binh. Khay thir hai c6 vai tro himg dung dich chay xudng tir phan
chira miu phia trén, tranh lam nhiém ban dung dich KOH phia
dudi, dong thoi ciing co thé sir dung dé chira thém mau. Véi kich
thudce di cho, mdi khay c6 thé chira dugc 10-15 g méu.
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(A) (B)
Hinh 4. Hinh anh ndp binh va gia dé& mau trong thiét bi do compost
(A), thiét bi do compost da phat trién (B).

Hai khay chita mau dugc gén véi ndp binh do nhd mot ong tru
bing inox 304. Ong try ndy ¢6 cac vong ren & hai ddu, mot dau bat
vao nap binh, dau con lai ding dé gin khay chita miu nho vong
ren va dc. Cac bo phan cua thiét bi sau khi ché tao dugc két ndi voi
nhau dé tao thanh thiét bi do hoan chinh nhw minh hoa & hinh 4B.

Két qua thir nghi¢m thiét bi

Piu ra clia cam bién do ap suat 1a tin hiéu dién (mV), vi vay,
sau khi le’ip dat, cam bién do ap sut dugc hiéu chuan nhim Xy
dung duong chuan biéu didn mdi quan hé giira tin hiéu dién dau
ra va gia tri ap suat dau vao. Viéc hiéu chudn dugc thuc hién tai
Vién Po luong Viét Nam. Hé s6 twong quan tuyén tinh R*=0,999
cia dudng chudn thu dugce [y = 0,0124x + 2,4666 v6i x 1 4p sudt
(mbar) va y la dién thé (V)] chimg to gia tri ap sudt ddt vao va tin
hiéu dién thu duoc co su tuyén tinh cao.

Sau khi hiéu chuén, thiét bi do compost dugc Gmg dung dé
d4nh gia @6 on dinh cta 2 miu phan bon hitu co trén thi truong
thong qua viée do AT4. Céc két qua dugc thé hién & hinh 5 va 6.

Thoi gian (gio)

‘Thoi gian (gio)

4p suit (mbar)

—e—Delta P (ubar) —e-Nhiét d3(°C)

~e-Delta P (mbar) ~=Nhiét d9(°C)
(A) (B)

Hinh 5. Sw thay ddi ap suat va nhiét do trong binh trong thir nghiém
danh gia do én dinh ctia mau phan bo G hoai (A) va trun qué (B).

Phén bo i hoai Phin trimn qué

o oo

2/2)

OUR (mg/g

20 10 60 80 100
Thoi gian (gio)

0 20 40 60 80 100

Thvi gian (gi)

(A) (B)
Hinh 6. AT4 ctiia mau phan bo 0 hoai (A) va trun qué (B).
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Dua vao d6 thi ¢ hinh 5 va 6 c6 thé thay ring, mau phan bo 0
hoai ¢6 sy tang déu din v& luong Oxy tiéu thy, trong khi mau tran
qué ¢6 sy ting manh vé luong Oxy tidu thy trong nhimg gio dau,
sau d6 giam dan trong cac khoang thoi gian tiép theo. Sw khac biét
¢ thé t6i tir ban chét chat hitu co ciing nhu sy khac nhau vé tap
doan vi sinh vat trong 2 miu. Mau phén trin qué c6 gia tri AT4
nho hon so véi mau phan bo u hogi, lan luot 14 3,7 va 5,2mg Ol/g
compost. So sanh vdi cac ti€u chuan quy dinh thi ca 2 mau nay déu
dap g duoc tiéu chuan cua EU, nhung chi c6 mau phén trin qué
dap mg duoc tiéu chuin cia Dc. Luu ¥ ring, tai Viét Nam chua
¢ céc quy dinh cy thé vé do on dinh (lugng 6xy tiéu thy) cho phan
compost, do vy, trén bao bi ctia cic mau phan hitu co trén ciing
khong daé cdp tdi cac gia tri ndy. Mdc du vay, co thé két luan rﬁng,
ca 2 mau phan compost nay déu c6 d on dinh tot khi dap tmg duoc
quy dinh cua EU.

Két luan

Trong nghién ctru nay, thiét bi do lugng dxy tiéu thu dbi voi cac
mau phan compost da dugc ché tao thanh cong dua trén nguyén
tic do ap sudt. Thiét bj duoc phat trién trén co so ké thira, dong
thoi cai tién, khéc phuc céc han ché cua céc thiét bi do BOD da tu
phét trién trude d6 ciing nhur cac thiét bi do compost thirong mai.
Thiét bi sau khi ché tao va hiéu chuan da dwoc kiém tra hoat dong
trong phong thi nghiém thong qua viéc danh gia do on dinh cua 2
mau phan bon hitu co thuc té. Thiét bi s& duoc tiép tuc phat trién
nhim hoan thién vé thiét ké ciing nhu tinh ning, bao gdm viéc ché
tao mach in, dua cam bién do nhiét d vao trong binh do dé theo
doi truc tiép nhiét d ca pha khi va cia mau phén tich, dong thoi
phin mém ciing s& dugc nang cap dé c6 thé hién thi tryc tiép két
qué vé lugng oxy tiéu thu.

Cac tc gia chan thanh cam on sy hd trg vé tai chinh cta Pai
hoc Quc gia Ha Noi (dé tai ma s6 QG.21.14) va Co quan Ngoai
giao ving Wallonie-Bruxelles, Bi (dy 4n WBI ma s6 2.24). Cac
tac gia cling tran trong cam on sy trg giup cua Phong Do luong
ap sut, Vién Do luong Viét Nam trong viéc hiéu chinh thiét bj va
su hd tro ciia cr nhan Nguyén Thi Thanh Hién, Khoa Hoa hoc,
Truong Pai hoc Khoa hoc Ty nhién trong viée thuc hién mot s0
thi nghiém.
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Tong hop vit liéu xic tic quang WO, /Ag VO,
ung dung xit ly khang sinh amoxicillin trong moi truwong nwoc

Tran Thi Thu Phwong, Dinh My Ngoc Tram, Pham Thj Yén Nhi, Nguyén Vii Ngoc Mai,
Nguyén Thj Thanh Binh, Lé Thi Cam Nhung, Cao Vin Hoang, Nguyén Thi Di¢u Cam”

Khoa Khoa hoc ty nhién, Truong Dai hoc Quy Nhon

Ngay nhan bai 13/9/2021; ngay chuyén phan bién 17/9/2021; ngay nhan phan bién 18/10/2021; ngay chip nhan dang 22/10/2021

Tom tit:

Vatliéu xic tac quang WO,/Ag VO, (WA-x) dugc tong hop & cac ty 1€ mol lan It 14 5,10, 15 va 20%. Phd phén xa khuéch
tan tir ngoai - kha kién (UV-Vis-DRS) cho thay, vat licu WA-10 (ty 1¢ mol AgSVO /WO, 1a 10%) c6 kha nang hép thu birc
xa kha kién manh hon so véi cac vat liéu con lai. Hoat tinh quang xtc tdc cia vat lleu WA-x da dugc khdo sat thong qua
phan ing phin hiy khéng sinh amoxicillin (AMX) dudi su chiéu xa ctia birc xa kha kién. Hiéu suit phéin hiy AMX cia
vat lieu WA-10 dat 79,86% sau 3 gio' phan tng. Vit liéu WA-x ¢6 hoat tinh quang xic tic manh hon WO, va Ag. VO, nho

sw phan tach higu qua ciia cip di¢n tir va 16 trong quang sinh.

Tir khéa: amoxicillin, birc xa kha kién, phan hity, vét liéu xiic tic quang, WO,/Ag,VO,.

Chi s6 phén loai: 2.7
Dat van de

Trong phuong phap oxy hoa tién tién, xtc tic quang hoa
di the str dung cac vat lidu xdc tac quang thé hé méi c6 nhidu
trién vong phat trién trong viéc xr Iy nudc thai chira chat hiru
co 6 nhiém kho sinh hiy [1- 3] Trong nhimg nim gan day, chat
ban dan WO, da thu hat nhiéu sy chu ¥ cua cc nha khoa hoc
trén thé gidi trong linh vuc xuc tc quang cho qua trinh phan
tach nudc, chuyén hoa CO, va phan huy chit hiru co gy 6
nhiém dudi anh sang nhin thay nho mot s6 wu diém nhu: ning
lugng ving cam tuong dbi nho (khoang 3,0 eV), kha ning san
Xuat trong pham vi rong, & quy md cong nghiép, gla thanh ré
va khong dgc. Tuy nhién, WO, tinh khiét ciing c6 toc do tai to
hop cua cap electron va 16 trong quang sinh kha cao [4-6]. bé
khac phuc nhuge diém nay, nhidu cong trinh d nghién ctru
cai thién hoat tinh xtc tic cua WO,. Mot trong nhimg hutng
nghién ctru bién tinh vét li¢u WO, la lai ghép véi céc chat ban
dan khéc dé tao thanh vat liéu comp051te vat liéu lai ghép di
thé hodc lién hop dang Z [7- -10]. Bén canh do, vat liéu Ag3VO
ciing co nang luong ving cam hep (khodng 2,5 eV), qua trinh
tong hop don gian, co thé san xuit luong l6n dang dwgc danh
gid la vat li¢u xuc tic quang day tiém nang c6 thé tin dung
t6i da ngudn ning luong tir anh sdng mat troi [11]. Tuy nhién,
viée st dung Ag, VO, don 1¢ dé 1am Vat liéu xuc tac quang cho
phan ing phan huy chat khang sinh van gap nhleu kho khan do
sur tai to hop nhanh cua céc electron - 16 trong quang sinh va
thuong chi sir dung duge phan tmg giita dién tir & ving dan ciia
Ag,VO, v6i O, tao ra H,O, (tac nhan trung gian tao HO* dé oxy
hoa phéan hiy céc chat hu’u co doc hai kho sinh huy) [12-15].

Trong nghi€n ctru nay, vat licu WO, va Ag,VO, duoc lai
ghép v6i nhau nhdm tao ra vat liéu lai ghep lién hop dang Z
khic phuc dugc hai nhuoce diém chinh so véi timg hop phan

“Tac gia lién hé: Email: nguyenthidieucam@qnu.edu.vn
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WO, va Ag,VO, riéng 1¢ la: i) Han ché sy tai t6 hop nhanh
gura céc electron - 13 trong quang sinh trong vét liéu; i) Pong
thoi st dung dugc ca qua trinh quang 6xy hoa ¢ vung hoa tri
cia WO,, nho thé dxy héa cua 16 trong & ving héa tri (+3,34
eV) duong hon H O/HO" (+2,72 €V) va qua trinh quang khur &
ving dan ctia vat heu Ag,VO, nho thé khir ciia electron & ving
dan (+0,145 eV) it duong hon H,0, (+0,695 eV). biéu ndy cho
phép tan dung dong thoi phan | mng cua electron ¢ ving dan voi
oxy hoa tan trong nudc va cua 16 trong & ving hoa tri v6i nudc,
tao ra cac tdc nhan trung gian nhu HO" c¢6 kha ndng 6xy hoa
céc cht hitu co doc hai thanh cac chit vo co nhu CO,, H0...

Doi tuong va phuong phap
Doi twong nghién civu

Téng hop WO, 0,5 g Na,WO,H,0 (99,5%) va 0,3 g acid
citric dugc hoa tan trong 30 ml nu’oc cat khir ion va khudy
trong 10 phat. Thém ting giot dung dich HCI 6 M vao dung
dich dé diéu chinh gia tri pH=1, thu duoc két tia mau vang,
tiép tuc khudy manh trong 30 phiit va chuyén hdn hop vao binh
Teflon, tiép theo 1a xir Iy nhiét & 120°C trong 12 gio. Sau khi dé
ngudi tw nhién, ly tim tach 1iy két tia mau vang va rira nhiéu
1an bang nudc cat dén pH trung tinh. San pham dugc lam kho
& 60°C trong 24 gio roi dem nung trong khong khi & 500°C
trong 2 gio.

Tong hop Ag VO, liy 0,174 g AgNO, hoa tan trong 150 ml
nudce cit co nho 1 glot acid HNO, 65% va khudy lién tuc trong
60 phit ¢ nhi¢t do phong. Them timg giot dung dich NaOH
5 M vio dung dich d¢ diéu chinh gia tri pH=10. Lay 0,04 g
NH,VO, hoa tan trong 20 ml nudc cat dua tir tir vao hdn hop
tren va t1ep tuc khuay trong 60 phit. San pham thu dugc mang
ly tam, tach lay két tia va rira nhiéu lan bang nu6c cat dén pH
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Abstract:

In this paper, WO,/Ag.VO, photocatalysts were successfully
synthesised at various Ag,VO /WO, mole ratios of 5, 10, 15,
and 20% (WA-x). Ultraviolet-visible diffuse reflectance spectra
(UV-Vis-DRS) indicated that the adsorption capacity of WA-10
(10% Ag,VO /WO, mole ratios) under visible light was higher
than that of other materials. The photocatalytic properties of
obtained materials were investigated by degradation of the
antibiotic AMX under visible light irradiation. The degradation
conversation of AMX had gotten to about 79.86% in WA-
10 after a reaction of three hours. WO,/Ag VO, materials
were highly active than WO, and Ag VO, with an increase in
photocatalytic activity of WO,/Ag, VO, that can be attributed to
the efficient separation of photogenerated electron-hole pairs.

Keywords: amoxicillin, degradation, photocatalytic activity,
visible light, WO,/Ag.VO,.

Classification number: 2.7

trung tinh. Sy kho san pham ¢ 60°C trong 24 gio, thu dugc
AgVO,.

Téng hop vdt liéu WA-x [16]: can mdt lugng mau WO, nhét
dinh (2,5, 3,3, 5 va 10 mmol) dem hoa tan trong 50 ml nu6c
cat thém vao dung dich 1,5 mmol AgNO, va mét giot HNO,,
tiép tuc khudy trong 60 phut. Sau d6 them timg giot NaOH 5
M vio dung dich dé diéu chinh gia tri pH=10. Tiép theo, thém
ting giot 50 ml dung dich NH,VO, 0,5 mmol vao dung dich va
tlep tuc khuay 7 gio trong bong t01 Ly tam thu két tia rdi rira
bang nudce cat va con cho dén pH trung tinh. Say kho san pham
& 60°C trong 12 gio, thu dugc san phim WA-x véi x 14 ty 18
mol Ag,VO,/WO, twong tmg 5, 10, 15 va 20%. -

Ddc trung vt li¢u

Thanh phan pha dugc xac dinh biang phuong phap nhiéu
xa tia X (D8-Advance 5005). Kha nang hap thu anh sang cia
xtic tac duge ddc trung bang phuong phap UV-Vis-DRS (thiét
bi UV-Vis-NIR Cary-5000 VARIAN budce séng 200-800 nm).
Dbic trung céc lién két hoa hoc cua vat lidu téng hop dugc xac
dinh bang phuong phap phd hdng ngoai (thiét bi FT/IR-4600-A
trong ving 400-4.000 cm™). Sy ¢6 mat cuia cac nguyén t6 trong
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cac méau vt liéu tong hop dwoc phan tich bang phuong phap
pho tan xa nang lugng tia X (thict bi Jeol 5410).

Thi nghiém phin huy AMX

Hoat tinh quang xtc tac cta vat li¢u dugc danh gia dua trén
kha nang phan hiy khang sinh AMX trong dung dich nude véi
kh01 lugng xuc tac (0,5 g/l). Hén hop duoc khuay trong bong
t6i 150 phut dé dat can bang hip phu va giai hép phu, sau do
duoc chiéu sang dudi anh sang deén led 220 V, 30 W trong 180
phit. Nong d6 AMX trong cac mau dung dich sau phan g thu
duoc ¢ cac thoi gian khac nhau dugc xac dinh bé“mg cach cho
AMX tao phtic v6i dung dich acid benzoic, acid hydrochloric,
sodium nitrite, ammonium hydroxide va do bang phwong phap
tric quang sir dung may UV-Vis (CE-2011).

Két qua va thao luan
Ddc trung vit liéu

Pé xac dinh cac hop phan trong vat liéu téng hop, céac vat
liéu 1Ag,VO,, WO, va WA-x duogc ddc trung bang phwong phap
nhiéu xa tia X, ket qua dugc thé hién & hinh 1.

|
M AW-20

e SRR SN W AT, S L}\'J LT U WU IS N

___\_,_J‘L_Mw{,\__\_w__m_
Ml ' AW-10

AW-5

AW-15

Cwong d0 (a.u)

65 70

60

5 10 15 20 25 30 35 40 45

26(as)

50 S5

Hinh 1.
WA-x.

Gian doé nhiéu xa tia X ctia cac vat liéu WO,, Ag,VO, va

Két qua gian d0 XRD cua cac vt liéu WO,, Ag,VO, va
WA-x & hinh 1 cho thdy, ddi voi Vat ligu WO, xuat hién céc
dinh nhiu xa c6 cuong d6 manh, sic nét & khoang 22,1,234
va 24,6° lan lugt twong (g voi cac mit tinh thé (002), (020),
(200) va dinh nhidu xa c6 cuong do thap tai goc 20 bang 34,1°
twong (g voi mit tinh thé (202) dic trung cho pha tinh thé
monoclinic cua WO, (theo tidu chudn JCPDS: 43-1035) [4];
con vat liu Ag3VO xuat hién hai dinh nhiéu xa tai vi tri goc
20 bang 31,05 va 32,47°, tuong {ing vOi mit tinh thé (-121) va
(121) dic trung cho sy ton tai cla Ag3VO (theo tiéu chudn
JCPDS 45- 0543) [12]. Trong khi d0, trén gidn d6 XRD vit liéu
WA-5 chi xuét hién cac dinh nhidu xa déc trung cho hop phan
WO, (co thé do ham luong Ag. VO, kha nho) con cac vat ligu
lai ghep WA-10, WA-15, WA-20 deu xuat hién cac dinh nhidu
xa dac trung cho ca hai hop phan vét lidu WO, va AgSVO diéu
nay cho thay vat liéu WA-x di dugc tong hop thanh cong.
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) Dé xac dinh kha nang hap thy anh sang va ning luong ving
c{im cua cac vat liéu tépg hop duogc, cac yz_‘it liéu duogc phﬁn tich
bang phuong phap pho UV-Vis-DRS, két qua duge thé hién ¢
hinh 2.

Cudng do hap thu (a.u)

T T T T
300 400 500 600 700 800
Budc séng (nm)

Hinh 2. Phé UV-Vis-DRS cta vat ligu Ag,VO,, WO, va WA-x.

Két qua hinh 2 cho thdy, tit ca cac mau vat liéu déu c6
kha nang hap thu anh sang trong vung kha kién. Gi4 tri ning
lugng ving cam ctia cac vat lidu tong hop duoc xac dinh dua
trén két qua do UV-Vis-DRS, su phu thudc ctia (oE)? theo ning
lwong anh sang hap thu cua vat liu duoc biéu dién ¢ hinh 3.
Gia tri nang lwong viing cAm clia céc vét lidu WO,, WA-5, WA-
10, WA-15, WA-20 va Ag,VO, dugc xéac dinh lan luot 1a 3,02,
2,91,2,74, 2,89, 294va250eV

WOs WA-S

(ahu)
(ahv)’

E =291V
Eg=302eV a

"
T

3 4 3 4
Niing ludng (eV) Nang lugng (eV)
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(ul’lu]:
(ah)

E =274 eV

g E, = 2,89 oV -

.

T T T . .

2 3 a z 3 4
Nang lugng (eV) Ning lugng (eV)

WA-20 AZVO

(ahu)’
N\
™
(ahu)’

E =294 eV -
g / LY
— T T \‘II

2 3 4 2
Niing lugng (eV)

a 4
Nang lugng (eV)

Hinh 3. Sw phu thuéc ham Kubelka-Munk theo nang lwong anh
sang bi hap thu cta Ag,VO,, WO, va WA-x.
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So voi Ag,VO, va WO,, cic vit li¢u lai ghép WA-x tong
hop déu co kha ning hap thu birc xa kha kién manh hon cac
hop phan WO, nhung yéu hon Ag,VO,, dong thoi gid tri nang
lugng ving cam cua cac vt liéu lai ghep tong hop dugc gan
nhu giam so v6i gid tri nang luong ving cam cua WO,. Su thay
doi gid tri nang luong vung cam cho phep du doan vat liéu lai
ghép tong hop duoc ¢6 hoat tinh quang xuc tac tot trong ving
anh sang nhin thdy nho sy xtc tic hiép tro ctia ca hai hop phin
Ag,VO,va WO,

Su ¢6 mit ciia cic nguyén to, mau vat lidu WA-10 duogc
phan tich bang phuong phap pho tan xa ning lugng tia X. Két
qua duoc thé hién ¢ hinh 4 va bang 1.

AgsV0s

Cwong a6 (a.u)
Cwong do (a.u)

Cwong dé (a.u)

@ 1 & 3 4 4 & 7 & 4 o onou oW oW

KeV

Hinh 4. Ph tan xa nang lwong tia X chia vat liéu Ag,VO, (A), WA-10
(B) va WO, (C).

Két qua phd tan xa ning luong tia X cia mau WA-10 (hinh
4B) cho théy, cac dinh nhiéu xa ddc trung cho W 1an lugt xuét
hién tai cac mirc nang lugng 7,43, 8,45 va 9,64 keV (tuong
tw phd EDX cua WO, ¢ hinh 4C) [5]. Céc dinh phd dic trung
cho V 1an luot tai cac mirc ning luong 0,45 va 5,42 keV; doi
v&i Ag, cac dinh nhidu xa dic trung xuét hién tai mic ning
luong 3,1 keV (twong tu phd EDX cua Ag,VO, 6 hinh 4A)
[13]. Dinh nhiéu xa dic trung cho O xuat hién tai mirc ning
lugng 0,51 keV.

Bang 1. Thanh phan nguyén té W, V, Ag va O ctia mau WA-10.

% khéi lwgng % khéi lwgng

Nguyén tb

(EDX) (tinh toan theo ly thuyet)
W 59,27 66,7
% 4,92 1,85
Ag 13,18 11,75
0 22,63 19,7
Téng 100 100
n
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Két qua bang 1 cho thdy, ¢6 sy khac biét giira phan tram
khéi lugng cac nguyén t6 khi xac dinh bang phuong phap EDX
va tinh toan theo Iy thuyét nhung khong déng ké. Nhu vay,
bang phuong phap phd tan xa ‘nang luong tia X cho thay, vat
licu WA-10 tong hop c6 mat day di cac nguyén t6 thanh phan
va khong xuét hién nguyén t6 la.

Cac dac diém lién két trong WO, Ag3VO va vat licu WA-
10 dugc khao sat bang phd hong ngoal két qua dugc trinh bay
¢ hinh 5.

100 +

80 -

60 -

40

Do truyén qua T (%)

20

0 WOs

J T v T J T M T ¥ T v T v T
4000 3500 3000 2500 2000 1500 1000 500
S8 séng (cm™)

Hinh 5. Phé héng ngoai cua vat liéu Ag,VO,, WO, va WA-10.

Két qua phé hong ngoai ¢ hinh 5 cua vét lidu WA-10 cho
thay, cac lién két dic trung WO, va Ag VO, déu xut hién day
du trong phd hong ngoai clia Vat ligu WA-10. Cu thé, két qua
phd hong ngoai cua vat liéu Ag,VO, cho thy, cac dinh phd g
v0i 80 song 745 va 868 cm !lan luot tuong tng dac trung cho
lién két Ag-V va V-O cia nhom Vo> trong vat liéu Ag,VO,
[13]. Trong khi d6, phd IR cua WO, xuat hién dinh ph tai 870
cm!, ddc trung cho dao dong ctia llen két W=0 va dinh pho tai
686 cm1 duoc cho 1a dao dong cua lién két O-W [5]. Két qua
nay cho thay vat liéu WA-x di dugc tong hop thanh cong.

Hoat tinh quang xiic tac

Tur két qua thue nghiém cho thay, su hip phu dung dich
AMX clia cac mau vt liéu WO, Ag3VO va WA-x tai pH=7,5
déu dat can bang sau 150 phut. Tu két ‘qua ndy, chung t61 xc
dinh thoi gian khudy trong bong toi dé dat can bang hap phu
1a 150 phut d6i voi tit ca cac mau. Sau khi khudy, hon hop vét
liéu xuc tac va dung dich AMX duoc dé trong bong toi 150
phut dé qua trinh hap phu - giai hap phu dat trang thai can
bang, qua trinh khao sat hoat tinh xtic tac quang cua vat liéu
WO, Ag3VO va vat liéu lai ghép WA-x tong hop duoc tién
hanh Két qua do chuyén hoa AMX sau 180 phiit dwoc thé hién
0 hinh 6.

Két qua hinh 6 cho thay, khi so sanh 4 mau vat liéu WA-x
v6i WO, va Ag,VO,, vatligu WA-10 ¢6 hoat tinh cao nhét trong
vung khao sat. Cu thé, sau 180 phut xi 1y thi hiéu qua phan hay
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AMX trén vat ligu WO, va Ag VO, dat lﬁr} luot 1a 34,52 va
32,78%. Trong khi do, WA-10 dat hiéu suat 79,86%, WA-5,
WA-15, WA-20 ¢6 d6 chuyén hoa AMX lan luot dat 28,95,
40,92 va 30,60%. Két qua nay cho thay, vat lieu WA-10 thé
hién hoat tiph quang xUc tac cao hon so voi WQ3 va Ag. VO,
riéng 1é. Dicu nay dugc giai thich 1a dudi sy chiéu xa cua blc
xa kha kién, vat liéu WA-x bi kich thich, khi d6 cac dién tur s&
tach khoi 16 trong trén viing hoa tri ciia Ag VO, di chuyén dé:n
vung dan 91”121 Ag,VO,, tham gia phan tmg v6i O, hoa tan hap
phu trén‘bé mat vét li¢u tao thanh H O, (téc nhén trung gian tao
HO"). Bong thoi, khi bi kich hoat bdi anh sang nhin thay, dién
tir tir ving hoa tri cia WO, bi tch ra, di chuyén dén ving dan
va sau d6 chuyén xuong vung hoéa tri cua Ag3VO 10 trong ¢
vung hoa tri cia WO, phan tmg v6i H,O tao ra goc HO® dan dén
qua trinh tai t6 hop gitra dién tir va lo tréng quang sinh dugc
han ché t6i da do qua trinh di chuyén cta cac dién tir quang sinh
gitra hai vt li¢u lai ghép Ag,VO, va WO,. Cac gbc tu do HO
sinh ra s€ tham gia vao qua trinh 6xy hoa phan huy AMX. Két
qua ctia qua trinh phan huy AMX c6 thé 13 cac san phdm hiru
co trung gian, CO,, H,O cling nhu céc san pham v co khéc.

1,0

0,8 -

=3

& 0,6

o]

0,4 -

0,2 | =
il hing sinh

0 20 40 &0 B0 u']u 15& 1-'40 1;50 Hlm
Thii gian (phut)
Hinh 6. Sw phu thuéc gia tri C/C  vao thoi gian chiéu sang (phut) clia cac

vat liéu WO,, Ag,VO, va WA-x. C/C_ |a ndng d6 AMX & thi diém tindng do
AMX & thoi diém ban dau.

£ ~
Ket luan

Vit liéu WA-x di dugc tong hop thanh cong biang phuong
phép siéu am két hop nhiét pha rén. Vat liéu nay c6 kha ning
hap thu manh birc xa ving kha kién so véi timg hop phan
WO, vaAg, VO, riéng l¢. Két qua khao sat sy phan huy AMX
trén xtic tic Ag,VO,, WO, va WA-x dudi tac dung cua burc xa
kha kién cho thay, vat liéu WA-x (véi ty 1€ mol 10%) c6 hoat
tinh quang xuc té’c phan huy AMX cao pon so voi Ag,VO, va
WO, riéng l¢. K€t qua nay chp thay trién vong 1'Ing dung cta
WA-x trong viéce xtr 1y céc chat khang sinh 6 nhiém trong moi
truong nudc.
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Ché tao composit xop tréq co so alginate
deé cai thién kha nang hap phu Ni(Il)
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Tém tit:

Canxi alginate bead (CAB) 1a mot chét h:ip phu tot cac ion kim loai ning, tuy nhién CAB c6 han ché1a dién tich bé
mit riéng nhé nén kho wng dung trong thuc té. Trong nghién ctru nay, alginate dwgc bién tinh véi carbon hoat tinh
va chat hoat djong bé mat nham tang do xop cua vt li¢u, cai thi¢n dung lugng hap phu ion Ni(II). CAB chwa bién
tinh gan nhu khong c6 16 xop, dién tich bé mat riéng rit nhé (~0,04 mz/g) Sau khi bién tinh, composit xop (P-CAB)
ché tao tir alginate két hop véi carbon hoat hinh va chit hoat dong bé mit c6 dién tich bé mit riéng ~160 m%/g, ting
4.000 14n so v6i CAB. Két qua nghién ctru hip phu ion Ni(II) ciing cho thay, dung lrgng hip phu cuc dai ciia P-CAB

dwge cdi thién dang ké, q,,

=53,76 mg/g, tang 8,3 14n so v6i dung lwgng hap phu ciia CAB (6,48 mg/g).

Tir khoa: alginate, alglnate x0p, chat hip phu tw nhién, hap phu Ni(II).

Chi sé phén loai: 2.7

Pat van de

Alginate 1a mot polysacarit ty nhién, da dugc img dung nhiéu
trong cac linh vuc thye phim, y sinh, dugc pham.. - Alginate dugc
chiét xudt chi yéu tir rong nu - loai rong dugc phan bo doc bo
bién Viét Nam tur bac vao nam, tap trung nhiéu & bién mién Trung,
v6i hon 120 loai c6 gié tri kinh té cao va trit lwong 16n [1].

Gan day, hudng nghién ctru tmg dung alginate lam vat liu xir
1y méi truong da dugc cac nha khoa hoc quan tim nhd wu diém
khong doc hai, c6 kha nang twong tac va phan hiy sinh hoc, ¢o
chira cac nhom chirc carboxyl va hydroxyl trong cdu triic va co
ngudn nguyén liéu doi dao. Kha nang tach loai céc chit 6 nhiém
ciia alginate da dugc cong bd, dic biét 1a kha ning xur Iy céc cation
[2-6]. Tuy nhién, hiéu qua xi Iy chua thyc su cao, dung luong hip
phu cua alginate ddi v6i cac cation kim loai ning & khoang 10-40
mg/g. Day 1a dung luong dbi voi hat CAB uot, tuy nhién, hat CAB
nay khé bao quan, d& mét nudc. Dbi voi hat di siy kho, co do bén
v cimg cao, nhung hiéu qua hip phu con kém, nguyén nhan c6 thé
1a do tinh chat ciia CAB khi kho 1a vat liéu khong huat nudce, dién
tich bé mit riéng cua n6 chi khoang 0,6+32 m¥/g [3, 7-13].

Pé tang kha ning xur Iy nude va ¢6 thé ap dung vao thuc té,
can phai bién tinh va tao do x6p cho vat liéu nay. Cac phuong
phép cai tién thuong dugc 4p dung 1a ché tao composit két hop
v6i cac chat ¢ kha ning hap phu khéc hodc ting do xbp cua vat
ligu. Céc cht thuong dugce nghién ciru ché tao composit cung voi
alginate nhu carbon hoat tinh [14], than sinh hoc [9], 6ng nano
carbon [15], graphen oxit [16]... Nhimng chat ndy vira tang do x0p
cia composit, vira bd sung thém tac nhan hap phu vao vat ligu.
Bén canh d6, mot huéng nghién ciru khac 1a lam ting dién tich bé
mit riéng cta ban than alginate qua cac phuong phap ché tao khac
nhau. C6 thé két hop véi cac hoa chat tao bot khi trong qué trinh
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ché tao nhur NaHCO, [17] Natri Lauryl Sulfat (SLS) [18], hoac st
dung phuong phap say thang hoa [19].

Niken 1a m¢t trong nhitng kim loai nang doc hai, c6 nguy co de
doa l6n déi v6i stre khoe con ngudi. O nong do nho, niken 1a mot
nguyén t6 vi luong ¢6 loi trong qué trinh trao ddi chit. Tuy nhién,
0 nong do vuot qua ngudng cho phép, n6 ¢6 thé 13 tic nhan gy
tic ché hoat dong cua enzyme, gay ton thuong phoi, 1am dau ngue,
kho thé, phu than, rdi loan tiéu hoa, viem da dj ung... [20]. Niken
¢6 nhiéu tinh ning dic biét nén dugc st dung rong réi trong cc
nganh cong nghiép khac nhau nhu: luyén kim, hoa chat, ma dién,
san xudt pin, gdm st ché bién khoang san... Viéc str dung rong réi
niken trong cong nghiép ciing nhu cuge song héng ngay la nguy co
gay phat thai niken vao moi truong, nhét 1a nguon nudc. Trong quy
chuén ky thut qudc gia vé nude thai cong nghiép QCVN 40:2011/
BTNMT da gidi han ham lugng niken thai ra ¢ nong do nho hon
0,2 mg/l dbi v6i nude thai cong nghiép loai A va 0,5 mg/l dbi véi
nudc thai cong nghiép loai B.

Trong nghién ciru trude [21] cua chung t6i da st dung hat CAB
dé hap phu Ni(II), dung lwong hap phu cyc dai dat 6,8 mg/g. Trong
nghién ciru nay, chiing toi ché tao composit trén co so alginate bién
tinh két hop gilta carbon hoat tinh va chét hoat dong bé mit SLS
nhim tang dién tich bé mit riéng cua vat ligu, cai thién kha nang
hép phu Ni(II).

Thuc nghiém
Héa chit

Céc hoa chit sir dung trong nghién ctru nay gom: natri alginate
(Alg) duogc chiét tach tir rong ndu & ving bién Nha Trang dugc
cung cép boi Vién Nghién ctru Ung dung va Cong ngh¢ Nha
Trang; Ca(NO,),.4H,0 loai tinh khiét (>99%), SLS, HCI 36%
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Abstract:

Calcium alginate bead (CAB) is a good adsorbent of
heavy metal ions; however, CAB has a small specific
surface area, limiting its applications in the removal of
heavy metals in water treatment. In this study, alginate
is denatured with activated carbon and surfactants to
increase the porosity of the material and improve the
adsorption capacity of the Ni(Il) ion. Initial undenatured
calcium alginate bead is almost no pores and a very small
specific surface area (~0.04 m?%g). After modification,
the porous composite made from alginate combined
with active carbon and surfactant (P-CAB) has a large
specific surface area ~160 m*/'g, 4,000 times higher than
CAB. The results of the Ni(Il) ion adsorption study also
showed that the maximum adsorption capacity of porous
composite (q_ . of 53.76 mg/g) significantly improved
by 8.3 times than the adsorption capacity of CAB (6.48
mg/g).

Keywords: alginate, natural adsorbent, Ni(Il) adsorption,
porous alginate bead.

Classification number: 2.7

va NaOH tinh khiét dugc cung cép boi Xilong Scientiﬁc (Trung
Quoc) than hoat tinh (AC) dang bot dugc cung cdp boi Cong ty
C6 phan Tra Bic; NiSO,.6H,0, amonlpesunfat thube thir hién
mau dimetylglyoxim deu 14 céc hoa chat tinh khiét dung trong
phan tich cia Hang Merck (D).

Ché tao hat P-CAB trén co sé alginate

Hat P-CAB trén co so alginate dugc tao thanh bang phuong
phap tao gel ion trong dung dich c6 chira ion Ca(II). Dung d1ch Alg
duoc chuén b bang céch can 1 g Alg cho vao 100 ml nu6e cét (1%
khdi luong), khudy manh bang may 6 tdc do 800 vong/phit dén tan
hoan toan. Can mgt lugng 0,5 g AC (ty 1€ Alg/AC=1/0,5) cho vao
dung dich Alg vira pha. Khudy déu biang may ¢ toc do 800 vong/
phit trong vong 30 phut dé AC phan tin déu trong dung dich Alg.
Tiép tuc cho 0,1 g SLS (ty 18 Alg/SLS=1/0,1) vao hdn hop trén va
khudy 30 phut dé SLS tan hét, dong thoi tao bot x4p. Sau khi thu
dugc dung dich déng nhat céc thanh phan, hon hop trén duge nho
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timg giot vao 200 ml Ca(NO,), 0,3 M dé pha san bang buret & do
cao 5 cm. Hat P-CAB dang h1nh cau duogc hinh thanh ngay khi
tiép xtic voi dung dich Ca(II). Dé hat P-CAB 6n dinh trong 24 gio,
sau do loc rira bang nudc cat 3 lan dé loai bo ion Ca(II) con du.
Séy kho san pham & 60°C trong 6 gid thu duoc hat P-CAB c6 kich
thude trung binh 2,5£0,5 mm, dugc ky hiéu 1a P-CAB. Dién tich
bé mit riéng Sgpy va dudng kinh 16 xép cua vat liéu dugc phan tich
bing phuong phap hap phu - giai hap N, long trén thiét b TriStar IT
3020 cua Hang Micromeritics tai Vién Ky thudt nhiét doi.

Thuee nghiém hip phu Ni(Il)

Sau khi phan tich dac trung hinh thai cu tric, hat P-CAB duoc
str dung dé nghién ciru kha ning hap phu cac ion kim loai Ni(II)
bang phuong phap hap phuy tinh. Thi nghiém hép phy tinh duoc
tién hanh tai nhiét do phong, lugng chat hap phu la 2 g/l, toc do
lic 150 vong/phut. Piéu kién pH tt nhat dé hip phu ion Ni(II)
trén hat CAB da dugc xéac dinh trong nghién ctru trudce (pH 3-7,5)
[21]. Trong nghién ctru nay, pH 7 dugc lya chon dé tién hanh cac
thi nghiém hap phu Ni(IT). Gia tri pH cta dung dich hap phu duoc
xéc dinh bang may HI 2211 pH/ORP meter, Hanna Instruments,
duoc diéu chinh bang cac dung dich HC1 0,1 M va NaOH 0,1 M.
Hiéu sut H (%) va dung lwong hip phu q (mg/g) duogc tinh theo
cong thire sau:

(Co— Ce)-100

L1 ) (n

_ (Co- ce) v.10~3

H=

(mg/g) )

trong do: C;: nong d6 ion kim loai ban dau (mg/); C;: nong do ion
kim loai tai thOl diém hap phu dat can bang (mg/l); V: thé tich dung
dich ion kim loai (ml); m: khéi luong vat licu hap phu (g).

So sanh hidu suat hip phu Ni(Il) cia CAB, AC va P-CAB ¢
cung dléu kién pH 7, ndng do ion Ni(II) ban dau la 100 mg/I, thoi
gian tlep xtc la 120 phit. Khdo sat anh huong cua thoi gian tiép
xiic va nong do ion kim loai ban dau dén hidu suat hap phu H (%)
va dung luong q (mg/g) hip phu. Tir két qua thu duoc, xac dinh
diéu kién hap phu t5t nhat, xdy dung m hinh dong hoc va dang
nhiét hip phu phu hop, ddng thoi xac dinh dung luong hip phu
cucdaiq Nong d¢ céc ion Ni(II) trude va sau khi tach loai dugc
xdc dinh bang céch tao phitc mau voi thude thir dimetylglyoxim
va do d6 hp thu quang trén thiét bi CINTRA 40, GBC cia My tai
budc song 470 nm. Pong hoc hap phu dugc tinh toan theo md hinh
dong hoc biéu kién bac 1 (3) va 2 (4). M hinh ding nhiét duoc
tinh toan dua trén mo hinh dang nhiét hip phu Langmuir (5) va
Freundlich (6).

M0 hinh dong hoc hap phy bac 1 dang tuyén tinh nhu sau:
hl(qe - Qt) = (3)

trong do: k;: hang s6 toc do ‘phan ung theo md hinh dong hoc béc
L(t"); g, qt dung luong hap phu tai thoi diém can bang va thoi
diém t (mg/g).

lnqe - kl

M0 hinh dong hoc hap phy bac 2 dang tuyén tinh nhu sau:
et (4)

A ka3 qe
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trong do: k,: hing s6 toc do phan 0 mng theo mo hinh g1a dong hoc
bac 2 (g/mg t); q,, g, dung lugng hép phu tai thoi diém can bang
va thoi diém t (mg/g).

M0 hinh ding nhiét hip phy Langmuir:
Ce 1 1

C ;= Ce+ (5)

dmax AmaxKL

9 = 9max 1t ;ie(:e hoa
trong do: q__ : dung lugng hép phu cyc dai (mg/g); K : hing s6 hip
phu Langmuir (I/mg).

M0 hinh ding nhiét hap phu Freundlich:

q= KgCY™ hoidc lgq = IgKg + %lg Ce (6)

trong do: K : hing s6 hap phu Freundlich (/mg); n: tham s6 thuc
nghi¢m.

Ket qua va thio luan
Dign tich bé mdt riéng ciia vit liéu

Dién tich bé mit riéng, thé tich mao quan va dwong kinh 18 xdp
cua P-CAB duogc trinh bay ¢ bang 1 va dugc so sanh voi carbon
hoat tinh AC va CAB trudc khi bién tinh. Két qua cho thdy, dién
tich bé mit riéng cia P-CAB nho hon AC nhung 16n hon réat nhiéu
CAB. CAB di chiém chd mét phin cic mao quan cua than hoat
tinh lam giam thé tich mao quan trung binh, dan t6i dién tich bé
mat riéng P-CAB giam so vdi AC. Tuy nhién, so voi CAB (~0,04
m?/g), dién tich bé mat riéng ciia P-CAB (~160 m?¥g) ting hon
4.000 lan. Dién tich cac 16 x6p nho va trung binh ciia P-CAB tinh
bai phuong trinh BJH 1a 112,32 m¥g, chiém khoang 70% tong
dién tich bé mat riéng cua hat. biéu nay cho théy, mao quan nho
va trung binh chiém da sd trong cdu tric ciia P-CAB. Céc mao
quan nho ¢ nm trong P-CAB (~2,78 nm) dugc hinh thanh la do
trong thanh phan c6 chira than hoat tinh ¢6 sin cdc mao quan nho
(~2,14 nm).

Bang 1. Dién tich bé mit riéng va kich thwéc 16 x6p ciia CAB, AC
va P-CAB.

CAB AC P-CAB
Dién tich bé mit riéng BET (m?/g) 0,04 872,67 160,19
Dién tich bé mit riéng tinh theo phuong
phép BIH (m?g) 0,01 391,69 112,32
Puong kinh 16 x6p mao quan trung binh 10.99 214 278
(nm) s > >
Téng thé tich mao quan trung binh 0.00003 02097 0.0781

(cm?/g)

Két qud hép phu ion Ni(II)

So sénh hiéu sudt hép phu Ni(Il) cua cac vat liéu CAB, AC va
P-CAB: tién hanh so sanh hi¢u sut hap phu cta céc vat liéu CAB,
AC va P-CAB ¢ diéu kién ndng d6 Ni(IT) 100 mg/1, lugng chat hip
phu 2 g/1, thoi gian tiép xtc 120 phut. Phan tich nong do Ni(II) sau
khi hép phu, tinh toan hiéu suat hap phu theo cong thirc (1). Hiéu
suét hap phu Ni(II) cta cac vét liéu dugc trinh bay ¢ hinh 1.
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Hinh 1. Hiéu suéat hap phu Ni(ll) trén cac vat liéu khac nhau.

Két qua cho théy, P-CAB c6 hiéu suat hip phu cao nhat ~50%,
AC c¢6 hiéu suat hdp phu thép nhat ~10%, CAB c6 hiéu suat hip
phu ~30%. Nhu vay, viéc tao do xép cho vat li¢u da cai thién dang
ké hiéu sudt hap phu Ni(II), mdc du vt lidu két hop 1a AC ¢6 hieu
suat hép phu kim loai nang kém. T4c nhan hap phu Ni(I) chi yeu
van 1a cac nhém chire ¢6 trén bé mit cia alginate. Hiéu suat hép
phu ting cao co thé dugc giai thich 1a khi vat lidu c6 do xbp cao
da gitip cho ion Ni(II) tiép xtc nhanh va khuéch tin sau vao trong
cdu triic cua vat lidu, gilp viée bit gilr ion Ni(II) vao trong vat liéu
hiéu qua hon.

Anh heong ciia thoi gian hdp phu va dong hoc hap phu: dung
lugng hdp phu ion Ni(Il) dwgc khao sat tai pH 7, ham lugng
P-CAB 1a 2 g/I, nong do Ni(II) ban dau la 100 mg/l, két qua dugc
trinh bay ¢ hinh 2.

25+

20

q (mg/g)

54

T T T T T
0 60 120 180 240 300 360

Thoi gian (phut)
Hinh 2. Dung lwgng hap phu Ni(ll) trén P-CAB theo th&i gian tiép
Xuc.

Két qua & hinh 2 cho thiy, dung lugng hap phu ting nhanh
trong khoang thoi gian tir 1 dén 60 phut, tir 2 1én 21 mg/g. Sau 60
phitt, dung lwong hép phu gan nhw khong ting nita, qué trinh hip
phu dat can bing. Céc dit lidu thuc nghiém dugc phan tich theo 2
mo hinh dong hoc hap phu biéu kién bac 1 (3) va 2 (4). P4 thi va
cac tham sb ciia phuong trinh dong hoc duoc biéu didn & hinh 3
va bang 2. Két qua cho thay phuong trinh dong hoc biéu kién bac
2 pht hop hon dé mé ta qué trinh hip phy ion Ni(II) trén P-CAB
b("yi‘ hé s6 tuong quan R>~1 va (}ung luong hip phu can bang q,~9,
bicu nay cling phu hop voi két qua nghién ctu trude cia chung
t01 [21].
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Hinh 3. Péng hoc hap phu Ni(ll) bac 1 (A) va 2 (B) trén P-CAB.

Bang 2. Cac tham s6 phwong trinh dong hoc hap phu Ni(ll) trén
P-CAB.

DPong hoc bac nhat Dong hoc bac 2

4,

(l(ng /2) kx10° ¢, R kx10° q, r
(phut')  (mg/g) (g/mg.phuy)  (mg/g)

2328 2,49 12,81 08665 0,49 24,10 0,9997

Anh hwong cia nong d@o Ni(Il) ban dau dang nhiét hap phu: thi
nghiém khao sat anh huong ctia ndng do Ni(IT) ban dau dén hiéu
suét va dung luvong hip phu duoc thyc hién véi lugng chat hap phu
142 ¢/l va pH 7. Nong do dung dich Ni(II) ban dau thay doi tir 5
dén 1.000 mg/l. Két qua bién thién hiéu sut hip phu H va dung
luong hép phu q theo ndng do Ni(II) duogc trinh bay & hinh 4.

H q
] e "
80 7.\ ,——"“/ 4-30
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F40
60 -|
A _
? F30 %‘;
< 40 £
= /A 20 =
ry
) \-
2044 T—
F10
[ \-\I
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Hinh 4. Anh hwéng cia ndng dé Ni(ll) ban dau dén kha nang hap
phu.

Két qua thuc nghiém cho :[héy, hi¢u sut hip phu H giam dan,
dung luong hép phu q tang dén khi nong d¢ Ni(II) ban dau tang.
Khi nong do Ni(Il) I6n hon 400 mg/I thi q dat can bang. Dt liéu
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thuc nghiém trén duge st dung aé phan tich theo 2 mo 'hinh déng
nhiét hap phu Langmuir (5) va Freundlich (6). Dang tuyén tinh cua
2 duong dang nhiét hap phu dugc biéu dién ¢ hinh 5.

18-
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Hinh 5. DPwéng dang nhiét hdp phu Langmuir (A) va Freundlich (B).

T céc dd thi & hinh 5 ¢6 thé x4c dinh duge hé sb tuong quan
ctia phuong trinh hoi quy (R?) va cdc thong sb khac. Két qua duoc
trinh bay ¢ bang 3. Tir hang s can bang hap phu K, trong phuong
trinh Langmuir ¢6 thé tinh tham s6 RL d6i voi mdi nong d6 ban dau
C, cua Ni(Il). R, phan nh 4i lyc gitra ion Ni(II) véi bé mat cuia vat
heu déc trung cho ndng lugng cua cic tim hap phu va lién quan den
nhiét hip phy. M6 hinh dang nhiét khong phi hop khi R >1; tuyén
tinh khi R, =1; phu hop khi 0<R <I va khong thuan nghich khi R =0.

1

R,=——
LT14KG

Bang 3. Cac théng s cia mé hinh dang nhiét hap phu Langmuir
va Freundlich.

Ding nhiét Freundlich Ding nhiét Langmuir
n K, R’ q,.Mmge) K, R, R’
2,44  4,0346 09064 53,76 0,0222  0,90-0,04  0,9943

Két qua bang bang 3 cho thdy, qué trinh hdp phu Ni(Il) cia
P-CAB phu hop véi mé hinh ding nhiét Langmuir (hé s6 R=0,99).
Dung luong hap phu cyc dai tinh theo mé hinh déng nhiét hap phu
Langmuir dat 53,76 mg/g. Trong khoang ndng d6 kho sat, RL dao
dong trong khoang 0-1, chimg to qua trinh hdp phy dién ra thuan
loi. So sanh voi két qua da cong bo truée cia CAB [21], taco thé
thay, dung lugng hép phu Ni(Il) cia P-CAB da tang gap 8,3 lan (tu
6,48 18n 53,76 mg/g). Nhu vy, viéc tao do x5p cho alginate bing
cach két hop carbon hoat tinh va chat hoat dong bé mat da gitip
cai thién dang ké dung luong hap phu Ni(II). Dong thoi, viée ing
dung P-CAB vao thuc té ciing dé dang hon boi c6 thé ap dung mo
hinh xur ly dang cot.
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Keét luan

D ché tao thanh cdng hat P-CAB trén co so alginate két hop
v&i carbon hoat tinh va chat hoat dong bé mat SLS véi dién tich bé
mit riéng dat 160 m%/g, 46 rong mao quan 1a 2,78 nm. Qua trinh
hép phu Ni(IT) bang phuong phap hép phu tinh cho théy, dir ligu
thuc nghiém tuén theo md hinh dong hoc hap phu bac 2 va ding
nhiét hép phu Langmuir. Dung lugng hép phu cuc dai dat 53,76
mg/g ting 8,3 1dn so voi hat CAB khéng bién tinh (6,48 mg/g).

Cong trinh nay dugc thuc hién trén co so kinh phi tur aé tai
khoa hoc va cong nghé cap Vién Han 1dm Khoa hoc va Cong nghé
Viét Nam (ma s6 VAST.03.05/21-22). Céc téc gia xin chan thanh
cam on.
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