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CHE TAO VAT LIEU CAU TRUC NANO ZnO PHA TAP Co2
THEO PHUONG PHAP THl°IY' NHIET - DANH GIA BAC TiNH CAU TRUC,
TiNH CHAT QUANG CUA VAT LIEU

TA NGOC DONG
Vién Ky thuat Hoa hoc, Dai hoc Bach Khoa Ha Noi

SUMMARY:

FABRICATION Co?* DOPED ZnO NANOSTRUCTURE BY HYDROTHERMAL
METHOD - EVALUATION STRUCTURAL, OPTICAL PROPERTIES OF MATERIALS

The ZnO (pure ZnO) andion Co’* doped ZnO (2% Co-ZnO) nanostructure materials were fabricated
by simple hydrothermal method at low temperature. The material properties were investigated by
physical measurement methods such as XRD, SEM, EDX, solid UV-vis absorption spectra. The results
showed that the fabricated materials are in the form of hexagonal wurtzite structure with space group
P63me. The ions Co*" doped ZnO sample with the ratio of 2 mol.% reduced the average crystal
grain size and changed the crystal grain shape and shifted the absorption edge towards the visible
light wavelength compared to the non doped ZnO sample. The average crystal size (according to Eq.
Debye-scherrer Eq.) of 2%Co-ZnO and pure ZnO samples is 29.05nm and 49.82nm, respectively.
The pure ZnO sample has a morphology of thin flakes. While the ion Co®" doped ZnO sample has a
morphology of small spherical particles uniformly distributed and interwoven with a morphology
of cotton. The optical band gap energy of 2%Co-ZnO and pure ZnO samples extrapolated from the
derivative plot according to the Kubelka—Munk equation which obtained values of 3.205eV and
3.27eV; respectively.

Keywords: ZnO nanostructure, Co?* doped ZnO, zinc oxide, heterosemiconductor, materials characterizations.

I. GIOI THIEU

Kém oxit (Zn0) nhu da biét la chat ban dan thugc nhom
ban dan l-VI, v6i nang ludng ving cdm rong 3,37eV, niang
lugng lién ket exciton cao (60meV). Zn0 thudc mot trong
nhiing loai oxit ban dan dudc nghién ctiu rong rai do nhiing
tinh chat hoa ly dac biét cua vat liéu nay bao gom su 6n
dinh hoa hoc cao va pham vi hdp thu anh sang rong[1-6].
Kém oxit da dudc cong bo trong nhiéu céac ting dung nhu:
chat chong ndm, phan phdi thudc, khang khudn, thanh
phan trong my phdm chéng nang, chat xdc tac quang,
chat hap phu, cam bién khi, cam bién sinh hoc, dau do,
chat chong chay trong son, thanh phan trong xi mang,
g6m s, chat chéng oxy hoa,...[7-14]. D& dap (ing nhiing
linh vuic ing dung rong rai tha vi cla vat liéu Zn0 thi céac
chi tiéu ky thuat ca san phdm ZnO ché tao ciing ngay
cang phai co yéu cau cao hon. Cac phudng phap ché tao
vét lidu da dang da dudc dua ra béi cac cong trinh nghién
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ctiu nhu sol-gel, thily nhiét 6 nhiét do thap, sol-gel két hap
v@i thly nhiét, phudng phap héa hoc udt, phudng phap
két tha lang dong, phudng phap siéu am thay nhiét,... Do
d6, Zn0 ciing dudc ché tao vai nhiéu hinh thai hoc khac
nhau nhu: thanh nano, day nano, hinh 6ng nano, hinh cau
nano, hinh thoi nano, hinh chép nano, hinh vay, hinh hoa
nano,... vdi kich thudc hat, su phan bo kich thudc hat,
dién tich bé mat riéng cla vat lieu dudc kiém soat theo
moi phudng phdp ché tao[8-10,15-22]. Cac bdo cédo vé
nghién cliu ché tao vat lieu ZnO cau tric nano vdi viéc
kiém soat mot cach hé thong vé kich thudc hat, hinh dang
hat vat liéu, kém theo la phudng phap ché tao vat liéu hop
ly, cho dén thdi diém hién tai van 12 mot thach thic d6i véi
cac cong trinh nghién cdu. Trong nghién ctu nay trinh bay
vé: “ché tao vat liéu cdu tric nano ZnO pha tap Co?* theo
phudng phap thly nhiét - danh gia dac tinh cdu tric, tinh

chat quang cua vat liéu”.



II. THUC NGHIEM

+ Quy trinh thuc nghiém: Hoa chat sl dung cho
thuc nghiém gém Kém nitrat (Zn(NO,),.6H,0, 98%,
AR-China); cobalt(ll) nitrat hexahydrat (Co(NO,),-6H,0,
98%, AR-China); natri hydroxide (NaOH, 96%, AR-China);
nudc cat 2 1an. Dung dich hdn hgp 80ml gom dung dich
muoi Zn(NQ,), 0,1M va dung dich natri hydroxide 0,1M
pha tron theo ty 1é 1:1, dem khudy tron dong déu trén
mdy khudy tii trong 20 phat. Tiép theo, mot lugng mudi
Co(NO,),-6H,0 dudc thém vao dung dich hon hdp trén vdi
ty 1& phan tram theo s6 mol la 2% (2% mol cla ion Co?*
thém vao dudc tinh ty 16 so véi s6 mol clia Zn?* trong dung
dich hon hgp). Dung dich hon hop tiép tuc khudy dong déu
trong 30 phat. Cudi cung, dung dich hon hgp dudc dem
thly nhiét 6 nhiét do 120°C trong 12 gid. Hon hdp bot nhdo

sau thay nhiét dudc loc, riia sach nhiéu 1an bang nudc cat
va cOn tuyét doi. Bot sach dem sdy ¢ 90°C trong 24 gid thu
dugc san pham la mau bot min 6 mau hai tim nhat, ky higu
mau 12 2%Co-Zn0. Mau vat ligu ZnO khong pha tap Co2*
cting dudc ché tao vai quy trinh tudng tu nhu trén nhung
khong thém lugng mudi Co(NO,),, thu dudc méu san pham
Zn0 khong pha tap, ky hiéu mau la pure ZnO st dung dé
S0 sanh.

+ Cac phuong phap do dac tinh cta vat liéu: phudng
phap nhiéu xa tia X (XRD, X’pert Pro, Cu-K (A,=1.54065A),
0.039/2s, 20~ 25-75°); phudng phap hién vi dién tli quét
(SEM, TM4000 Plus); phudng phap phé tan xa nang Iugng
tia X (EDX, Oxford 300); phudng phéap pho hdp thu UV-Vis
ran (Jasco V-750).

I1. KET QUA THU'C NGHIEM

1. Két qua pho nhieu xa tia X:

Két qua pho nhiu xa tia X ciia cac méau vat liéu 2%Co-
Zn0 va pure ZnO dugc thé hién 6 Hinh 1. Hinh phd XRD
cho thdy mau vat liéu 2%Co-Zn0 va pure ZnO déu xudt
hién cac dinh pho 6 vi tri goc nhiu xa 26 la 31,7°, 34,2°,
36,3°, 47,5°, 56,6° va 62,7° va 67,3° tudng (ing vdi cac
ho mat mang tinh thé (100), (002), (101), (102), (110),
(103) va (112) clia cu tric wurtzite luc giac ZnO véi nhom
khong gian P63mc (JCPDS 65-3411). Ngoai ra, trén hinh
pho XRD cho thdy khong xudt hién dinh pho la nao khac
ma dugc cho la cta Co hodc CoO[7-14]. Nhu vay c6 thé
cho thdy 12 mau vat liéu ché tao 2%Co-Zn0 va pure Zn0
la don pha ZnO wurtzite luc giac, nguyén t0 Co da dudc
pha tap thanh cong vao vat liu Zn0[7-14]. Kich thudc
tinh thé trung binh cla mau vat lidu 2%Co-Zn0 va pure
Zn0 dudc tinh theo phuong phap ap dung phudng trinh
Debye-scherrer[7, 14, 15]: D= KA/Bcos6 (1). Trong do, D
|a kich thudc tinh thé trung binh; K & hé s6 phu thudc vao
hinh dang cla tinh thé K= 0,9; & la budc song nhiéu xa
véi A= 1,54056A; B la nira do ban md rong vach cla pic
nhiéu xa I6n nhat (FWHM), 6 la goc nhiéu xa & vi tri mat
nhiéu xa (101). Thé tich 6 mang tinh thé va mat do X-ray
clia mau 2%Co-Zn0 va pure Zn0 dudc xac dinh theo céc
phuang trinh (2), (3), (4)[7, 8, 19]. Trong do: A la budc
song nhiéu xa v6i A= 1,54056A; a, ¢ 1a théng s6 6 mang

tinh thé ma tuong Ging dai dién cho cac mat mang tinh
thé (100), (002); 6,,,va 6, 1an lugt Ia pic nhiéu xa clia
mat mang tinh thé (100), (002); V Ia thé tich 6 mang tinh
thé[7, 8 ,19].
a= A(3)"2sing,, (2); c= A/sinf,, (3); V= 0.866a% (4)
K&t qua tinh todn kich thudc tinh thé trung binh xac dinh
theo phudng trinh Debye-scherrer, thong s6 6 mang tinh
thé, thé tich 6 mang tinh thé cia mau vat liéu 2%Co-Zn0
va pure Zn0 dudc thé hién trong Bang 1. Két qua 6 Bang 1
cho thdy mau vat liéu Zn0 pha tap 2% Co?* ¢ kich thudc
tinh thé trung binh (28,05nm) nhd hon so v6i mau pure
Zn0 (mau ZnO khong pha tap) (49.82nm) theo phudng
phap tinh kich thudc tinh thé trung binh Debye-scherrer.
Thong s6 6 mang tinh thé cia méau vat liéu 2%Co-Zn0 va
mau pure Zn0 dugc tinh todn theo Bang 1 cho thdy la phi
hdp vdi thong s6 6 mang cla vat liéu nano Zn0 theo céc
tai liéu tham khao. Nhan xét: lon Co?* c6 ban kinh ion 1a
0,72A nhd hon mgt chit va tudng doi gan véi ban kinh ion
clia Zn2+ (0,74A), do vay ion Co?* co thé dé dang dudc
pha tap thay thé vi tri cia Zn2* trong 6 mang tinh thé cua
Zn0. Dan dén gay ra bién dang 6 mang va ngan can su
phat trién tinh thé Zn0. Do d0, mau vat liéu ZnO pha tap
2% C02* (2%C0-Zn0) c6 kich thudc tinh thé trung binh nho
han so véi mau pure ZnO[7-14].

Bang 1: Kich thudc tinh thé trung binh theo Debye-scherrer, thong s6 & mang tinh thé, thé tich & mang tinh the
ctia mau vat liéu 2%Co-Zn0, pure Zn0 va mau nano Zn0 theo cac tai liéu tham khao

M Kich thudc tinh thé trung binh (nm) Thong s6 6 mang tinh thé o
(Debye-scherrer) a=hb(A) ¢ (A) V(A
2%Co-Zn0 29,05 3,2079 5,2335 46,6393 1,6314
pure Zn0 49,82 3,2302 5,2408 47,3559 1,6224
Zn0[19] 36,23 3,254 5,212 47,7922 1,6017
Zn0[7] 28,26 3,2519 5,20506 47.75860 1,6006
Hoéa hoc & Ung dung
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2%Co-ZnO
——pure-ZnO
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Hinh 1. Pho nhiéu xa tia X ciia mau vat lieu 2%Co-Zn0
va mau pure Zn0

2. Két qua hién vi dién tir quét (SEM) -
pho tin xa ning lwgng tia X (EDX)

Két qua hién vi dién t quét (SEM) v6i do phong dai
khac nhau ctia cac mau vat liéu 2%Co-Zn0 va pure Zn0
thé hign trén Hinh 2. Trén hinh hién vi dién ti quét (SEM)
cho thdy mau vat liéu 2%Co-Zn0 ¢6 hinh dang hat tinh thé
dang cac hat hinh cau nhd, phan bé dong déu dan xen vai
hinh bong. Kich thudc céac hat hinh cau nho c¢d khoang 50-
80nm. Mau vat liéu pure ZnO ¢6 hinh dang cac vay mong
vi kich thudc cd khoang 0,5-1um. Két qua nay cho thay
véi viéc pha tap thém ion Co vdi ty 16 2% mol vao vat liéu
Zn0 da lam thay d6i hinh dang hat tinh thé cua vat liéu ban
dau Zn0. Day ciing la diéu mong mudn trong cac nghién
cliu vdi viéc diéu chinh dudc kich thudc hat tinh thé, hinh

Hinh 2. Két qua hién vi dién tii quét (SEM)
clia cac mau vat liéu 2%Co-Zn0 va pure Zn0

+ Két qua pho tan xa nang lugng tia X (EDX): Két qua
phd tan xa nang ludng tia X (EDX) cua cac mau 2%Co-Zn0
va pure ZnO thé hién ¢ Hinh 3. Trén hinh phd EDX cua
mau pure ZnO cho thdy 1a ¢ d0 hai thanh phan nguyén
t6 Zn va O cdu thanh nén vat liéu Zn0. Trén hinh phé tan
xa nang ludng EDX clia méau 2%Co-Zn0 thi ngoai dinh pho
clia cac nguyén to Zn, O c6 xudt hién thém dinh pho cua
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nguyén t6 Co. Diéu nay cho thdy c6 thé thém khang dinh
cung vdi phan tich pho XRD 6 trén Ia thic nghiém da ché
tao thanh cong vat liéu cau tric nano wurtzite luc giac ZnO
hinh dang vay mong va Zn0 pha tap Co?* hinh dang cau
nhé dan xen vdi hinh dang bong. Su pha tap cta nguyén
t6 Co la dudc thay thé cho nguyén t6 Zn trong 6 mang tinh
thé clia Zn0[7-14].

CPs/eV
« Zn 2%Co0-ZnO Pure ZnO
v ![;n Co o &

2 Enefgy '[keﬁn/] ’ l‘ine‘rgyl[kemV] ’
Hinh 3. Két qua phd tan xa nang luong tia X (EDX)
clia cac mau vat liéu 2%Co-Zn0 va pure Zn0

3. Két qua pho hap thu UV-vis va do
thi ham d(F(R)hv))/dE v6i nang luwgng hv
(Kubelka-Munk)

Hinh 4 1a phd hdp thu Uv-vis ran cla mau vat liéu
2%C0-Zn0 va mau pure ZnO. Két qua tif phd Uv-vis Hinh
4 cho thay, méau pure Zn0 ¢6 bd hdp thu nam trong ving
tli ngoai gan (A< 400nm). Mau 2%Co-Zn0 c6 bd hdp thu
dugc md rong va dich chuyén vé phia budc song anh sang
nhin thdy (A~ 430-450nm). Nhu vay, mau pure ZnO thi chi
¢6 kha ndng c6 ting dung quang dudc kich thich anh sang
trong ving t ngoai. Con véi méau ZnO pha tap 2% mol
Co?*+ sé cho kha ndng ting dung quang dugc kich thich anh
sang trong vung nhin thay[7-14]. Dé phan tich tiép tuc vé
tinh chat quang cua vat liéu ché tao, nang Iudng khe trong
quang hoc (bandgap energy - Eg) cua cac méau sé dudc
ngoai suy bang cach st dung dao ham cua phuang trinh
Kubelka-Munk[15, 18, 20] nhu sau:

d[ln(F(R) X hv)] _ n (5)
d(hv) hv—Eg

Trong d6 F(R) la ham cla hé s6 phan xa khuéch tan
dudc xac dinh tii hé s0 phan xa khuéch tan R dén F(R)=
(1-R)%/2R; hv la bién s0 nang lugng photon; n = 1/2, 2
tudng tng véi nang lugng khe tréng quang truc tiép va
gian tiép; Eg la nang lugng khe trong quang. Cac nang
ligng khe tréng quang cua cac mau vat liéu dudc ngoai
suy tii do thi ham cla d[In(F(R)hv)(hv) so vdi hv, nhu
trong Hinh 5. Theo két qua ngoai suy tui d thi d[In(F(R)hv)
(hv) - hv (Hinh 5) cho gia tri nang lugng khe tréng quang
clia mau 2%Co-Zn0 va mau pure ZnO lan ludt Ia 3,205eV
va 3,27eV. Nhu vdy, nang lugng khe trong quang ctia méu
Zn0 pha tap 2% mol Co?* da lam giam dugc nang lugng
khe tréng quang Eg. Diéu nay phu hadp véi phd Uv-vis ran
clia cac mau (Hinh 4) va cho thdy mau ZnO pha tap 2%
mol Co%* 1a c6 kha nang dat t6i cac (ing dung quang dudc
kich thich anh sang dich chuyén vé ving nhin thay.




pure ZnO
2%Co -ZnO

Absorbance (a.u.)

T T T T T T
300 400 500 600 700 800 900
Wavelength (nm)

Hinh 4. Phé hap thu Uv-vis rén ctia mau vat liéu 2%Co-Zn0
va mau pure Zn0

pure ZnO

o

_EgagTev Epszsev
2.4 26 28 3.0 32 34 36 2.4 26 2.8 30 32 34 386
Energy (eV)

2%Co-ZnO

d(F(R)hv))/dE
d(F(R)hv))/dE

Hinh 5. Do thi khao sét cia ham d(F(R)hv))/dE véi nang lugng hv
clia mau vat liéu 2%Co-Zn0 va mau pure Zn0

IV. KET LUAN

Vat liéu cau trdc nano ZnO (pure Zn0) va Zn0 pha tap
ion Co?* (2%C0-Zn0) da ché tao thanh cong theo phudng
phap thiy nhiét don gian 6 nhiét do thdp. Vat liéu ché tao @
dang cdu triic wurtzite luc giac, nhém khong gian P63mc.
Kich thudc hat tinh thé trung binh (theo Debye-scherrer)
clia mau 2%Co-Zn0 (29,05nm) nhd hdn mau pure Zn0
(49,82nm). Thong s6 6 mang tinh thé clia mau vat liéu
nano 2%Co-Zn0 va pure Zn0 da dugc tinh toan va phu hgp
v@i thdng s6 6 mang cua vat liéu nano Zn0 theo cac tai liéu
tham khao. Mau vat liéu 2%Co-Zn0 ¢6 hinh dang hat tinh
thé dang cac hat hinh cdu nho, phan bé déng déu dan xen
véi hinh bong, kich thudc cac hat hinh cau nhé c¢d ~50-
80nm. Mau vat liéu pure ZnO ¢6 hinh dang cac vay mong
V@i kich thudc ¢ ~0,5-1um. Viéc pha tap thém ion Co®*
vGi ty 16 2% mol vao vat liéu ZnO da lam gidm kich thudc
hat tinh thé va lam thay d6i hinh dang hat tinh thé cla vat
liéu ban d4u Zn0. Mau pure ZnO ¢6 bd hdp thu nam trong
ving ti ngoai gan (A< 400nm). Mau 2%Co-Zn0 c6 bd hdp
thu dugc md rong va dich chuyén vé phia budc séng anh
sang nhin thdy (A~ 430-450nm). Nang lugng khe trong
quang clia cac mau vat liéu dudc ngoai suy tui do thi dao
ham theo phuang trinh Kubelka-Munk (d[In(F(R)hv)(hv) so
v6i hv). Nang lugng khe tréng quang ctia mau 2%Co-Zn0
va pure Zn0 c6 gia tri 1an lugt la 3,205eV va 3,27eV.
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NGHIEN CUU TONG HOP XANH VAT LIEU CoFe,0,
TU TINH BOT BANG PHUONG PHAP THUY NHIET

TRAN NGOC TUYEN™, V@ CHAU NGOC ANH2, TRAN THI VIET HANG?

SUMMARY:

1. Trudng Dai hoc Khoa hoc, Dai hoc Hué
2. Trudng Dai hoc Y Dugc, Dai hoc Hue

GREEN SYNTHESYS OF CoFe,O, BY STARCH ASSISTED SOL-GEL PROCESS

In this work, we demonstrate the synthesis of cobalt ferrite, featuring a spinel structure, through
the hydrothermal process using precursors such as Co(NO,),6H,0, Fe(NO,) .9H,0, and starch.
The influences of varying Co/Fe molar ratios and calcination temperatures on the product structure,
morphology, and magnetic properties of the synthesized cobalt ferrite were investigated. The results
reveal that the cobalt ferrite sample with an initial Co/Fe molar ratio of 2.0, calcined at 700°C for a
duration of 3.0 hours, yields a single phase of cobalt ferrite. The synthesized cobalt ferrite displays
soft magnetic properties and high porosity, rendering it a suitable candidate for photocatalyst

applications.

1. MO DAU

Vat liéu nano ferrite MFe,0, (M: Co, Ni, Cu, Zn, Cd,...)
c0 dac tinh siéu thuan ti, do khang tif thap, dé dang diéu
khién nhd vao tui trudng ngoai, dién tich bé mat riéng 16n.
Trong thuc té, chung dudc dung dé ché tao cac chat long
tlf ing dung lam tang do tuong phan cla anh chup cdng
hudng tir hat nhan (MRI) trong chdn doan hinh anh, chat
dan truyén thudc, ché tao cac dia tif mat do cao, dau doc,
dau ghi, ché tao cac sensor khi, vét ligu xtic tac cho céac
phan ting hda hoc va x{i Iy méi truong[1, 2].

_Hién nay, vat lieu CoFe,0, thudng dugc tong hop
bang céac phudng phéap két tua[5], dong két tua[6], thiy
nhiét[7], sol-gel[8]. Cac phudng phap nay thudng st dung

cac hoa chat dat tién va doc hai véi méi trudng. Dé khic
phuc nhiing nhudc diém nay, hién nay cac nha khoa hoc
nghién ctiu st dung cac nguyén liéu co nguon gac tif thién
nhién, khéng dc hai, than thién véi moi truéng, goi 1a téng
hgp xanh. Phudng phép tong hdp xanh st dung nguyén
liéu c6 nguon goc thuc vat, dich chiét tif thuc vat, vi sinh
vat, nam, tao,... Do trong thanh phan cla ching c6 chia
polysaccharid, carbohydrate, phenol, flavonoid, terpenoid,
acid amin, v.v., chiing c6 vai tro nhu 1a mot chat khi, chat
on dinh va phai ti tao phtic (chelat hoa)[3, 4]. Bai bao nay
trinh bay két qua nghién ctiu tong hop spinel CoFe,0, tu
tinh bot bang phudng phép thay nhiét.

II. THU'C NGHIEM

Vat lieu CoFe,0, dudc t6ng hap theo phudng phép thiy
nhigt di tir Co(NO,),.6H,0, Fe(NO,),.9H,0 va tinh bot tan
(PA, Trung Qudc). Hon hgp phai liéu co ty 18 mol Co?t/
Fe3+ thay d6i tu' 0,5 dén 2,0 (ky hiéu mau tudng ting tu
CF0.5 dén CF2.0), ty Ié mol tinh bot/(Co?* + Fe3+) bang
1,5, ty 1& mol H,0/tinh bot bang 120. Hon hgp phan ting
dugc khudy déu, dun nong dén 80°C trong 1,0 gid dé thiy
phan tinh bot. Sau do, cho toan bd hon hdp vao binh thiy
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nhiét, tién hanh thly nhiét  180°C trong thdi gian 20 gid.
San pham dugc ria sach nhiéu Ian bang nudc cat, sdy kho
G 100°C dén khdi ludng khong doi.

Thanh phén pha tinh thé cla vat liéu dudc xac dinh
bang phudng phdp nhiéu xa tia X (XRD) trén thiét bi
Brucker D8 Advance (Diic), Gng phat tia X v6i anot bang
Cu ¢0 budc song A(Cu—Ka) = 1,5406A. DE du doan cac
qua trinh xay ra khi nung, vat liéu dudc phan tich nhiét



(TG-DSC) trén thiét bi Labsys TG/DSC Setaram (Phdp).
Hinh thai kich thudc hat cta vat liéu dudc quan st béi hién
vi dién ti quét (SEM) trén thiét bi HITACHI S$-4800 (Nhat
Ban). Thanh phan nguyén td trén bé mét vat lieu dudc
xac dinh bang phudng phéap pho tan xa nang ludng tia X
(EDX) trén thiét bi JED-2300 Jeol (Nhat Ban). Cac nhom
chdc dic trung cua vat liéu dudc xac dinh bang phudng
phap phd hdng ngoai (FT-IR), mau dugc do trén thiét b IR
Prestige-21 (Nhat Ban). Dién tich bé mat riéng cua vat ligu
dudc xac dinh bang phudng phép hap phu - gidi hdp N, 6
77K (BET) trén thiét bi Micromeritics ASAP 2020 (USA).
Tinh chéat tif cua vat liéu dudc do trén thiét bi tir ké méau
rung VSM trong khoang tu trudng tui -12 dén 12k0e, do
nhay cla hé do ¢d 10 emu/g.

| Fe(NO:),9H:0 H Co(NOs),.6H:0 || Tinh bot H H,0
I

!

| Hbn hop phin émg |
v

‘ Pun néng & 80°C, 1 gior |
¥

| Thity nhiét 180°C, 20 gid |
v

‘ Loc, rira, sy kho & 100°C ‘
v

| Vit liéu CoFex04 |

Hinh 1. S d6 tdng hgp vat liéu CoFe,0,

I1I. KET QUA VA THAO LUAN

1. Anh huwéng ciia tjf 18 mol Co**/Fe** dén
thanh phan pha tinh thé ciia vat li¢u CoFe,0O,

D& khao sét anh hUOng cta ty 1é mol Co2*/Fe3* dén thanh
phan pha tinh thé cua vat liéu CoFe 0,, hdn hop phdi ligu ban
dau co ty 18 mol Co?*/Fe3* thay doi tu 0,5 dén 2,0. Mau sau
khi thiy nhiét dugc nung thiéu két & 700°C trong thai gian 3,0
gid dé thuc day qué trinh tinh thé hoa vat liéu CoFe,0,.

H: hematite Fe,O,
F F: cobalt ferrite CcFeZO‘

lei ef L

1 5000 cps

CF2.0

CF15

CF1.0

Cudng dd nhiéu xa tuong déi (cps)
\ .

CF0.5

20 30 pry 50 60 70
Géc nhiéu xa, 20 (°)
Hinh 2. Gian d6 XRD cta cac mau tif CF0.5 dén CF2.0
nung thiéu két ¢ 700°C

Hinh 2 trinh bay gian d6 nhiéu xa tia X ctia cac mau tu
CF0.5 dén CF2.0, két qua thu dudc cho thdy: khi ty Ié mol
Co2*/Fe3* trong dung dich hén hap phdi liéu ban d4u bang
0.5 (dung ty 16 hgp thic cia CoFe,0,), thanh phén pha
tinh thé cta mau CF0.5 ngoai cac pic nhleu xa dac trung
cta CoFe,0, , frong thanh phan pha tinh thé cta vat liu co
chua pha tlnh thé hematite (Fe,0 ) chiing t6 trong pho'l liéu
con du Fe, 0, Diéu nay co the giai thich do tich so tan cla
Fe(OH), bang 6,3.10° nho hon rat nhiéu so véi Co(OH),
bang 6, 3 105, hon hdp ion Co2* va Fe3+ sau thiy nhigt vai
tac nhan tao gel la ho tinh bot, mot phan ion Co2* van con
¢ dang dung dich, sé bj ria tr6i trong qua trinh loc ria san
pham. Do vay, ty 1&é mol Co2*/Fe3+ trong dung dich hon
hop phéi liéu ban ddu va trong san phdm sé khac nhau.

Khi tang dan ty 16 mol Co?*/Fe3* trong dung dich hdn hgp
phdi liéu ban dau tir 0,5 dén 2,0, cudng do cac pic nhiéu
xa déc trung cta hematite giam dan. Mau CF2.0 hoan toan
dan pha tinh thé cobalt ferrite CoFe,0,, pic nhiéu xa dac
trung co cUdng d6 nhiéu xa manh, plc sac nhon, chiing to
mc do tinh thé hoa clia san phdm cao.

2. Dién tich bé miit riéng ciia vat ligu
Hinh 3 trinh bay két qua ghi dudng hdp phu va khii hdp
phu N, 6 77K cua vat liéu.
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Hinh 3. Duding dang nhiét hap phu - giai hap phu N, 6 77K
ctia CoFe,0,

Két qua thu dugc cho thdy: dang dudng hdp phu va khi
hép phu N, cta CoFe,0, thudc dang dudng kiéu 1l theo
phan loai cua IUPAC, dac trung cho su hdp phu da I6p cua
vat lieu khong mao quan Dién tich bé mat riéng do dudc
theo mo hinh BET cua vat liéu CoFe,0, dat 71,15m%g. Két
qua nay tudng dong vdi cong bo cua Pourgolmohammad
va cong su[9] khi tong hdp CoFe,0, tir Fe(NO,),.9H,0,
Co(NO,),.6H,0) vdi tac nhan gel hoa glycine (C H NO)
bang perdng phdp dot chay (combustion method) san
pham CoFe,0, thu dudc c6 dién tich bé mat dao dong tu
35,7m?/g dén 285,4m?/g tuy thudc vao lidng glycine trong
hon hdp phan dng.
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3. Hinh thai caa vat liéu
Hinh thai cta vat liéu dudc quan sat bang hién vi dién t
quét SEM, két qua dudc trinh bay & Hinh 4.

X

Hinh 4. Anh SEM ciia CoFe,0,

TU két qua thu dudc ching t6i nhan thdy: san phdm 6
dang hat co kich thudc dong déu, dao dong khoang 50 -
100nm, két tu véi nhau thanh tiing dam 16n. Diéu nay co
thé giai thich do vat liéu CoFe204 ¢0 tu tinh, chang hut 1an
nhau tao thanh tiing dam. Két qua thu dudc tuong dong
vGi cong ba clia Gingasu va cong su[3] khi tong hgp xanh
CoFe,0, vdi tac nhan gel héa tii dich chiét ci giing (ginger
root) va thao qua (cardamom).

4. Pho tan xa ning hrong tia X

D& danh gia su phan bo clia cac nguyén to trén bé mét
vat liéu, ching t6i tién hanh ghi gian do pho EDX clia mau
vét liéu CoFe,0, chua nung thiéu két (mau CFO0), két qua
dudc trinh bay ¢ Hinh 5.

16004 ¢
14004 Nguyén té | Khéi Iwong (%) | Nguyén tir (%) |
c 37.88 52.87
12004 o | 383 40.15 ‘
Fe 15.64 4.68
Co 8.12 230
& 10004 -
8
= 8004 |[OFe
o
©
tg; 600
S F
3 400 i
Co
200 J &b
04
-200 T
0 1 2 3 4 5 6 7 8

E (keV)

Hinh 5. Gian dd phd EDX cta CoFe,0,

TU két qua thu dude, chiing t6i nhan thay: trén gian do
xudt hién céac pic dac trung ctia cac nguyén to Co, Fe vdi
cuong do manh. Ngoai ra, trén gian do con xuat hién pic
ddc trung ctia Carbon. Theo chiing toi, ddy la Carbon dudc
tao thanh do qua trinh thiy nhiét tinh bot 6 180°C. Két qua
nay cho thdy san phdm thu dudc Ia tinh khiét, khong xuat
hién cac pic clia cac nguyén t0 khac. Két qua xac dinh
thanh phan % theo khdi ludng cuta cac nguyén t6 Co, Fe
trung binh tai 3 vi tri do lan lugt |a 15,64% va 8,12%, tudng
(ing v6i % nguyén tli clia nguyén t0 1a 4,68% va 2,30%. Két
qua nay cho thay thanh phan nguyén t0 trén bé mat vat liéu
trung véi ty Ié hop thiic cta CoFe,0,.
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5. Phan tich nhiét

Dé xac dinh cac qua trinh hoa - Iy xay ra khi nung,
chung t6i tién hanh ghi gian do phén tich nhiét (TG-DSC) clia
mau vét liéu CoFe,0, chua nung thiéu két (mau CFO). Nhiét do
nung t6i da la 1.000°C, tdc do nang nhiét 10°C/phit trong moi
trudng khong khi. Két qua dudc trinh bay & Hinh 6.

Tif két qua thu dudc, ching toi nhan thay: khi nhigt do
dat 103°C, trén dudng DSC xudt hién pic thu nhiét thi nhat,
do giam khoi lugng trén dudng TG & nhiét do nay 1a 7,1%,
theo chiing toi day la qua trinh bay hdi nudc vat ly hap phu
trong vat liéu. Khi nhiét d6 nung dat 344°C, trén dudng
DSC xudt hién pic toa nhiét thii nhat rat manh, pic toa nhiét
nay bat dau tif khoang 200°C va két thiic ¢ 420°C, do giam
khoi lugng trén dudng TG & khoang nhiét do nay rat I6n,
dat 48,5%, theo ching toi day la qua trinh d6t chay Carbon
c0 trong vét liéu, day la lugng Carbon dudc tao ra khi thiy
nhiét tinh bot. Khi nhiét d6 nung dat 516°C, trén dudng
DSC xudt hién hiéu ting téa nhiét, kém theo do giam khoi
ligng nho (2,7%). Theo ching toi, day co thé 1a qua trinh
d6t chay Carbon ndm bén trong long vat liéu va qua trinh
tinh thé hoa cua cac hat vat liéu CoFe,0, 6 dang vo dinh
hinh hodc vi tinh thé.

100 | tda nhiét I: ®

344°C I 7.1%

50

J40

48,5% J10

DSC (uV)

N\
103°C \

0 200 400 600 800 1000
Nhiét dé (°C)

Hinh 6. Gian do TG-DSC cta CoFe,0,

6. Pho hong ngoai

Hinh 7 trinh bay két qua phan tich tich phd hong ngoai
FT-IR ctia mau CoFe,0, chua nung thiéu két (CFO) va mau
CoFe,0, da nung thiéu két 6 700°C trong 3,0 gid (CF700).

Ket qua cho thdy: doi véi mau CFO, pic dao dong tai
3.431cm™, 2.131cm™, 1.631cm™ véi cudng d6 manh,
tudng ling véi dao dong cta nhom —OH cua phan tu nudc
hap phu trong vat ligu.

Cac dao dong tai 572cm " va 470cm-" tuong tng la dao
dong cua cac lién két Fe — O trong hac bat dién va lién két
Co — 0 trong hdc td dién cua mang ludi spinel[10].

D6i véi mau CF700, cac dao dong cua nhom —OH cla
phan tli nuéc hadp phu trong vat liéu hau nhu bién mat. Cac
dao dong tai 549cm va 466cm-' tuang Ung la dao dong
clia cac lién két Fe — O trong hdc bat dién va lién két Co —
0 trong hdc tti dién, ching c6 xu hudng dich vé phia c6 s6
song nho hon so véi mau CoFe,0, chua nung.
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Hinh 7. Gian d6 FT-IR cua CoFe,0,

7. Tinh chét tir cia vat liéu

Dé xac dinh tinh chat tuf cua vat liéu, ching toi tién hanh
ghi duang cong tif hoa cuia cac mau vat CoFe 0 chua nung
thiéu két va da nung 6 700°C trong thdi gian 3, G gi gld Cac mau
dugc do ¢ nhiét do phong bang cach rung tii k& mau trong
pham vi trudng tif -12.000 dén + 12.0000e. Két qua dudc
trinh bay @ Hinh 8. Tu két qué thu dudc, ching toi nhan thay:
doi véi mau khong nung thiéu két (CF0), do khu tif rét nho (<
50e), nén dudng cong ttr hoa khong co tinh tré dudi tac dung
cla tii trudng ngoai, day la dac trung cla vat liéu tii c6 kich
thudc hat c6 nano mét; do ti héa (magnetization) cua vat ligu
kha I6n, dat 97,0emu/g. Do do vat liéu nano CoFe,0, khong
nung thudc dang vat liéu tu mém.

T
100 4
o0 —=—CF700
——CF0

50

M (emu/g)

-50

-100 4 : 1440
'

H (Ce)
Hinh 8. Duding tii tré clia cac mau CoFe,0, khdng nung
va sau nung 700°C

Dai vi mau CoFe,0, da nung thiéu két 6 700°C (CF700),
do khu tif kha I16n (1 4400e) dudng cong tui hoa co tinh
tré dudi tdc dung cua tif trudng ngoai. Diéu nay chiing to
qua trinh nung thiéu két da lam tang kich thudc hat cua
vt liéu do qua trinh tinh thé hoa. Vat liéu c6 do tui hoa dat
28,2emu/g. Mau CF700 thudc loai vat liéu tui cting, kich
thudc hat tinh thé 16n.

Tinh chét tif cua vét liéu CoFe,0, thu dudc tudng dong
véi cong bo clia Gingasu va cong su[3] khi tdng hdp xanh
CoFe,0, v6i tac nhan gel héa tu dich chiét tir 14 cay dam
but (hibiscus).

Dua vao tinh chat tu cla vat ligu, ching taco thé tach céc
hat CoFe,0, ra khoi dung dich mot cach dé dang nho nam
cham, glup cho viéc thu hoi va tai st dung vat liu trong viéc
nghién cliu kha ndng quang xtic tc mot cach thuén Igi.

15000

IV. KET LUAN

Da x4c dinh dugc diéu kién thich hap dé téng hop xanh
vat ligu tu tinh spinel GoFe,0, tif tinh bot bang phudng phap
thay nhiét. Hon hdp phdi fi feu c0 ty 1é mol Co?*/Fe3* bang
2,0, ty 1& mol tinh bot/(Co** + Fe*) bang 1,5, ty 16 mol
H. O/tmh bot bang 120, thuy phan ¢ 80°C trong 1,0 gid,
thuy nhiét 6 180°C trong 20 gid. San pham sau khi nung
thiéu két 6 700°C trong 3,0 gid co: thanh phan pha tinh the
la don pha spinel GoFe O kich thudc hat kha dong déu,
dao dong khoang 50 — g|00nm dién tich bé mat riéng kha
I6n, dat 71,15m?g; d6 khii tui kha I6n, dat 1.4400e, @6 tu
héa dat 28,2emu/g, thudc loai vat Iiéu tUi cting.
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NGHIEN CUU TACH LOAI Pb TRONG DUNG DICH DIEN LY ‘
CHO QUA TRINH BIEN PHAN THU HOI BOT Zn KIM LOAI TRONG M0I TRUONG KIEM

SUMMARY:

TRAN NGOC VUONG, PHAM MINH TUAN, VO DUY HONG,
NGUYEN DINH DANG, NGUYEN TIEN TUNG
Vién Cong nghe xa hiém

STUDY ON REMOVE Pb FROM ELECTROLYTE SOLUTION FOR PRODUCTION
OF Zn POWDER METALL BY ALKALINE ELECTROCHEMICAL MEHTOD

This report presents the results on the remove Pb in the electrolyte solution for production of Zn
powder metal by alkaline electrochemical method. The agents used were Na S and Zn powder metall.
The initial solution has a Zn and Pb content of 36.5g/l and 8.2g/l, respectively. The factors affecting
the removal of Pb were evaluated. The solution composition after removal was analyzed to determine
the removal efficiency of Pb. The residue after removal also was analyzed by XRD to determine phase
and chemical composition for later processing. The obtained results will be applied in practice to
perfect the electrolysis technology to recover zinc powder metal by alkaline electrochemical method.

Keywords: Remove Pb, precipitation, Zn powder metal...

1. MO PAU

Phuong phap dién phan kém trong moi trudng kiém da
va dang dugc quan tam trong nhiing thap ky gan day trén
thé gi6i do co thé tao ra san pham bot Zn kim loai dat chat
ludng vdi gia thanh ré hon rat nhiéu, tuy nhién ¢ nudc ta
chua cd nhiing nghién ctu vé van dé nay. Theo nhiing
nghién cliu thdm do cla ching t6i va trén co s6 cac tai
liéu tham khao, cong trinh nghién ctiu da cong bo trén thé
gidi, phudng phap dién phan thu hdi bot Zn kim loai ¢o thé
tan dung nhling ngudn nguyén ligu chiia kém gia ré ma
phuong phap dién phan trong mai trudng acid sunphuric
khong thé st dung do van dé an mon dién cuc va cac kho
khan khac do tap chét trong nguyén liéu gay ra. Ngoai
ra, phuong phap dién phan trong méi trudng kiém con
sli dung dudc cac ngudn nguyén ligu chifa clorua, florua,
trong d6 c6 ngudn kém ocid thu hoi tii qua trinh tai ché
bui 16 ho quang luyén thép (EAFD). Day la ngudn nguyén
liéu tiém nang, c6 thé cung cdp khoang 1.500-2.000 tan/
thang. Sd do cong nghé dién phan kém trong moi trudng
kiém dugc thé hién trong Hinh 1[1, 2].

Trong qua trinh dién phan, moi tap chat trong dung dich
déu co6 anh hudng truc tiép dén hiéu suat va chat ludng clia
san pham bot kém kim loai. Dac biét ddi véi Pb, mot ludng
nho tap chét Pb ciing lam thay doi hiéu sudt dong khi dién
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phan, anh hudéng dén hiéu suat qua trinh dién phan[3, 4].
Nong do chi trén 50ppm sé khong anh hudng dén do tinh
khiét ctia kém cat6t trong qua trinh dién phén, nhung no
anh hudng dén hinh thai cta kém lang dong, kém xdp han
va dang hinh céy|[5, 6].

Do vay, qua trinh tach loai cac tap chét dac biét la Pb
can dudc nghién ctu ky ludng, do ham lugng Pb trong
dung dich hoa tach ZnO thu hai tif EAFD trong mai trudng
kiém cao hon rat nhiéu so vdi cac tap chat khac. Ngoai ra,
qua trinh tach loai Pb ciing sé dong thdi tach loai cac tap
chat khac nhu Fe, Cu, Cr... do ching c6 ham lugng rét
nho so vdi Pb.

Hién nay c0 2 chét dudc st dung phd bién dé tach loai
Pb 1a Na,S va bot Zn kim loai.

Go“khan Orhan va cong su da nghién cliu va xac dinh
cac diéu kién t6i uu dé tach loai cac tap chat trong méi
truong kiém bang bot Zn kim nhu sau: ty 18 khai luong Zn/
Pb =1,2, § nhiét d6 50°C, khudy & toc do 300 vong/phut
trong 3 gid. Sau khi tach loai, nong do Pb trong khoang
0,10-0,12¢/1[7]. Viéc st dung bot Zn kim loai dé tach loai
tap chat dua trén cd sd cac cation co thé dién hoa tiéu
chudn dudng hon thé dién hod cta kém sé bi kém kim
loai ddy ra khoi dung dich dudi dang bot kim loai (thé dién



héa tiéu chudn Zn..., Pb..
sach dung dich nhu sau:
Pb%** + Zn — Zn** + Pb

Ll | Nguyén liéu ZnO |

Hoa tich Kiém néng

l

Lang, loc

.). Phan (ing trong qua trinh lam

(1)

| Nuwée rira I__l I_, B3 thai rdn

0 khang khi

Lam sach dung dlch NazS Ca0, Zn°.

Bién phan

B3 chira F’b Cu, Cd..

Dung dich sau
dién phan

Thu héi Pb Cu, Cd

Kém kll’f’l loai HzO

Hinh 1. Sd dd cong nghé dién phan kém trong mai tridng NaOH

L— Nuwoc rira

Bang 1: Thé dién hoa tiéu chuan cia cac cation

1T Cation Thé dién hoa tiéu chuan (V)
1 Pb2+ -0,13
2 Zn3+ -0,76

Qing Liu va cbng su da nghién cliu va xac dinh diéu kién
dé két tua dinh Iudng chi bang Na,S: ty I8 khéi ludng cua
Na,S/Pb = 1,8 (ty Ié mol xap Xi 1 ,5), thdi gian phan ting
60 phut va nhiét d6 90°C, nong do chi con lai trong dung
dich tii 6 - 8mg/I. Han 99,90% chi trong dung dich loc ¢o
thé dugc két tha bdi natri sunfua § diéu kién tren[8] Ns,S
dudc st dung dé tach loai cac ion kim loai c6 trong dung
dich 6 dang két tua S dac biét 1a PbS. Cac phan ting xay
ra khi téch loai tap chat bang Na,S.

Na,S — Na* + S? 2)
Pb(OH),> + S* — PbS + 40H (3)

Khi Na,$ du:
Zn(OH) = + S — ZnS + 40H (4)

Trong bao cao nay, ching t6i tién hanh qud trinh tach
loai chi tii dung dich hoa tach kém ocid thu hoi tii qué
trinh tai ché bui 10 ho quang luyén thép (EAFD) dé chudn
bi dung dich sach cho qua trinh dién phan kém. Két qua
nghién clu dugc &p dung tric tiép vao cong nghé san
xudt bot kém kim loai bang phudng phdp dién phan trong
méi truding kiém tai Trung tam Trién khai cong nghé - Vién
Cong nghé xa hiém.

II. NOI DUNG

1. P6i twong va phwong phap
1.1. Doi tugng

Dai tudng nghién ctiu 1a dung dich thu dudc sau hoa tach nguyén liéu kém ocid thu héi tui bui 10 hd quang luyén thép

da xui ly tach loai clorua c6 thanh phan nhu Bang 2.

Bang 2: Thanh phan dung dich nguyén ligu

Nguyén t0 Zn Pb Fe

Cu Cd Mg Al Mn

Ham Iidng 36590 | 82gl | 15mgl

2 mg/l 6 mg/| 0,3 mg/l 30 mg/I 3 mg/l

Cac hoa chat khac nhu Na,S, bot Zn kim loai dugc sti dung lam tac nhan tach loai Pb.

1.2. Phuang phap

Qua trinh tach loai chi dudc thuc hién trong thiét bi co
khudy dung tich 1.000ml, 500m! dung dich nguyén ligu
dudc nap vao binh phan ling va gia nhiét dén 80°C. Tac
nhén tach loai gom bot Zn kim loai (Zn 95%) va dung dich
Na,S 500g/l. Tc do khudy khong doi 6 300 vong/phit.
Sau khi phan g, loc thu hdi dung dich va ba. Phan dung
dich phan tich ham lugng Pb va Zn. Phan ba dudc phan
tich XRD xac dinh thanh phan pha.

Nhiéu xa Ron-ghen (XRD) ctia ba ran sau tach loai dugc
st dung dé danh gia cac dang ton tai clia Pb trong ba.
Ham ludng chi trong ba va trong dung dich dugc xac dinh
bang phuong phap chudn do su dung dung dich EDTA
0,025M véi chi thi xylenol da cam 1%. Ham lugng Zn

trong dung dich sau hoa tach va lam sach dudc xac bang
phuong phap chuén do st dung dung dich EDTA 0,025M.
Ham Iudng Zn, Pb va cac tap chat nho con lai trong dung
dich hoac ba tach loai dudc xac bang phudng phap quang
phd phat xa nguén Plasma cam (ing (ICP-OES).

Hiéu sudt tach loai chi dudc tinh bang ty s6 gitia Iudng
chi da di vao két tha PbS hoac ba xi-mang hoa va tong
lugng chi trong dung dich ban déu.

2. Két qua va thao luin

Qua trinh tach loai Pb bang Na,S cho thay, ty 16 khoi
lugng NaZS/Pb la 1,8 cho hiéu qua tach loai Pb t0i da (Hinh 2).
Tuy nhién, ¢ diéu kién nay cung lam méat mat mot lugng
nho Zn (khoang 0,5%). Két qua phan tich thanh phan ba
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sau tach loai chi ciing cho thdy ham lugng Zn trong ba
chiém khoang 1,5% (Bang 2). Két qua nhiéu xa XRD ciing
cho thay, trong ba sau tach loai chi co ton tai 2 pha la PbS
va Zn(OH), khi st dung ty & khéi ludng Na,S/Pb la 1,8
(Hinh 3). Di vdi ty & khdi lugng Na,S/Pb la 1,6 thi két qua
XRD cho thdy ba chu yéu la PbS véi higu suat tach loai Pb
khoang 96%. PbS ¢ do sach cao ¢ thé dugc thu hdi nhu
mot san phdm phu cla qud trinh XU ly.

Ngoai ra, khi ty 1& Na,S/Pb qua 16n co thé dan tdi su ton
tai cia Na,S du trong dung dich, day ciing la mot tap chét
¢6 anh hudng dén hiéu sut va chat lugng san pham trong
qua trinh dién phan. Do vay can phai xem xét viéc st dung
Na,S trong qua trinh tach loai Pb.

100 4

t tua Zn (%)

80 -

ol / Lo
— Fo.o

40

Hi¢u xudit tich loai Pb (%)
%

e

" |: 18 klu‘); lwgng \l’;lisll’h (g;g) )
Hinh 2. Hiéu suat tach loai Pb bang Na,S
6 cac ty 1¢ khdi lugng Na,S/Pb khac nhau

Bang 3: Thanh phan ba sau khi tach loai Pb bang Na,S
& 1 I¢ khdi ugng Na,S/Pb: 1.8/1

Nguyéntd | Zn | Pb | Fe | Cu | Cd | Ni | Mn
Ham lugng (%)| 1,5 | 85 | 0,05 |0,006|0,056{ 0,001 |0,009

10 20 30 40 50 60 70
T T T T T

1 1: PbS

4000

2000

Intensity (au)

NnISIPb: 1.6/1 (ww)

2000

1 1: PbS
2: Zn(OH),

Intensity (au)

NnIS/Pb: 1.8/1 (ww)
L L

L L L
10 20 30 40 50 60 70
2-Theta

Hinh 3. Két qua nhiéu xa XRD ctia ba sau khi tach loai Pb
6 cac ty |é khac nhau s dung tac nhan Na,$..

K&t qua tach loai Pb bang bot Zn kim loai cho thdy, thoi
gian phan (ing cang lau thi hiéu sudt tach loai Pb cang I6n
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(Hinh 4), thai gian phan ting 90 phat la dam bao hiéu qua
tach loai Pb khdi dung dich. Khi tdng thdi gian tii 90 phat
|&n 120 phat thi hiéu qua tach loai Pb ¢6 tang nhung khong
nhiéu. Hiéu suat tach loai Pb cting tang khi ty 16 khéi ludng
bt Zn/Pb tang Ién. Tuy nhién, khi ty I& bot Zn/Pb tang Ién
I6n hon 2/1 thi hiéu suat tang 1én khong dang ké (Hinh 5).
Do vay, ty & bot Zn/Pb 1a 2/1 1a phu hop cho qué trinh tach
loai Zn. K&t qua XRD cho thdy, ba sau tach loai Pb bang
bot Zn kim loai ¢6 thanh phan tudng doi phic tap bao gom
Pb, Pb0, Zn, Zn0 (Hinh 6). Thanh phan ba ciing cho thdy,
ham lugng Zn trong ba 1én dén 21,9%, néu khong tan thu
sé rat lang phi (Bang 4).

100 o
§ /
£ 90 r
=]
2
-
el
g .l
-
H
&
= 704
0 T T T T T T
20 40 60 80 100 120

Thoi gian phan wng (phit)

Hinh 4. Anh hudng ctia thoi gian dén hiéu suat tach loai Pb
bang bot kém kim loai (ty 1é khdi lugng bot Zn/Pb: 2/1, nhiét dd 80°C)

— »
-—n

Hi¢u sudt tach loai Pb (%)

94

i 2 3 H 5
Ty 1¢ khi lwrgng bt Zn/Pb (w/w)
Hinh 5. Anh hudng cta ty & khdi lugng bot Zn/Pb dén hiéu
suat tach loai Pb (nhiét do 80°C, thdi gian phan ting 90 phiit)
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Hinh 6. Két qua nhiéu xa XRD cta ba sau tach loai Pb

béng bot kém kim loai



Béng 4: Thanh phan ba sau khi tach loai Pb bang bot kém kim loai

Nguyéntd | Zn | Pb | Fe | Cu | Cd | Ni | Mn

Ham lugng (%)| 21,9 |57,1]0,025|0,002/0,023| 0,001 |0,009

Nhu vy, dé dam bao dugc hiéu qua tach loai Pb va
tranh 1ang phi hoa chat cing nhu c6 thé tan thu san pham
phu, modt quy trinh tach loai Pb gdm 2 giai doan dudc dé
xuat nhu Hinh 7. Céc két qua nghién cliu sé dugc két qua
sé dudc bdo cdo trong thdi gian s6m nhét va ap dung thuc
t6 6 quy mo san xudt tai Trung tam Trién khai cong nghé -
Vién Cong nghé xa hiém.

| Dung dich ban diu 1
L Zn: 36.4 g/l Pb: 8.2 g/l I

Két ta lin 1
80°C, 30 pht, ty 1& khdi luong Na,S/Pb: 1,6/1

Két tia I":m x
80°C, 90 phut, ty 1¢ khoi lugng Zn/Pb: 2/1

= =, Sy

Loc | Ba thai 1

Hinh 7. So do du kién qua trinh tach loai Ph
gom 2 giai doan sii dung tac nhan Na,$ va bot Zn kim loai

I1I. KET LUAN

Qua trinh tach loai Pb trong dung dich dién ly cho qua
trinh dién phéan thu hoi bt Zn kim loai trong mai trudng
kiém da dugc thuc hién bang 2 tac nhan Na,S va bt kém
kim loai. Két qua thu dugc cho thdy, d6i vdi tac nhan Na,S,
higu sudt tach loai Pb dat khoang 96% khi st dung ty Ié
khi lugng Na,S/Pb a 1,6/1, thdi gian phan ting 30 phit va
nhiét do 80°C; phan ba thu dudc la PbS cd do tinh khiét
cao co thé coi nhu mot san pham phu. Khi tang ty 1& khoi
lugng Ién 1,8/1 thi hiéu sudt tach loai Ién dén 99% nhung
ba sau tach loai lai chiia c4c tap chat va mat di mot Iudng
nho kém. DGi vai tac nhan bot Zn kim loai, hiéu suat tach
loai 18n dén 99% khi st dung ty 1& khdi ludng Zn/Pb 1a 2/1,
vGi thai gian hoa tach 90 phut, nhiét do 80°C; tuy nhién
phan ba sau hoa tach chiia nhiéu kém, ludng kém st dung
phai du nhiéu. Dé khic phuc nhiing nhudc diém cla 2 tac

nhan trén, mot hudng dé xuét st dung qua trinh tach loai 2
giai doan da dudc dua ra, két qua sé dudc bao cdo trong
thoi gian s6m nhat.
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NGHIEN CUU TONG HOP VA HOAT TiNH XUC TAC QUANG
TRONG VUNG ANH SANG KHA KIEN CUA VAT LIEU Ti0,-PAA-GO

NGUYEN THI QUYNH ANH", NGUYEN VAN NOI', NGUYEN HOU VAN?

SUMMARY:

1. Khoa Hda hoc, Trung Dai hoc Khoa hoc tu nhién - BHAGHN
2. Viién Khoa hoc va Cong nghé quan su

PREPARATION AND PHOTOCATALYTIC ACTIVITY UNDER
VISIBLE LIGHT OF TiO,-PAA-GO HYDROGEL

In this study, TiO,-PAA-GO hydrogel photocatalyst was synthesized by hydrothermal method
using poly(acrylic acid) as crosslinker. Some effects such as PAA/GO ratios, GO/TiO, ratios,
hydrothermal temperature were studied. The results showed ,TiO -PAA-GO hydrogel was the highest
in following conditions: 180°C temperature; PAA/GO ratios was 25/100 and GO/TiO, ratios was
1/1. The photocatalytic performance of synthesized TiO,-PAA-GO hydrogel was evaluated by the
degradation of direct blue 71 (DB71) under visible light. Results show that the obtained photocatalyts
can significantly enhance photocatalytic activity in comparison with other materials. This work may
be useful for a facile way to synthesize the highly efficient photocatalytic systems for application in

environmental treatment.

Keywords: Photocatalysis, TiOZ—PAA—GO, Graphene Oxide, Tittanium Dioxide ( TiOZ), Direct Blue 71.

I. PAT VAN DE

Ngay nay, vat liéu t6 hap TiO,/aerogel carbon co tinh
than thién véi moi trudng va hiéu quéa cao dé loai bo thudc
nhudm khoi ngudn nudc da va dang dudc nhiéu nha khoa
hoc quan tdm nghién ctu. Rong Zhang va cong su[1]
da chi ra rang vat liéu tong hgp PAN/B-CD/Ti0,/GO (GO:
graphene ocid; PAN: polyacrylonitril; B-CD: B-cyclodextrin),
dudc tong hdp béng phuong phap phun dién ¢ hé trg siéu
am, c6 thé phan hdy 90,92 va 93,53% MO va MB, tudng
ting. Yuheng Zhang va cong su[2] cho thdy rang hydrogel
Ti0, dong pha tap Ag/B-cyclodextrin da loai bo t6i 96,8%
dimethylhydrazine khong doi xting (UDMH) sau 80 phut
chiéu xa anh sang mat trdi. Abd-Elhamid va cong su[3] da
ché tao mang PAN/B-CD/graphene ocid cd thé loai bo tdi
989% tinh thé tim (CV). Yian Chen va cong su[4] da ché tao
thanh cong hydrogel cellulose/GO/TiO, bang phudng phap

thuy nhiét, loai bd 93% MB trong 120 phut. Hydrogel dua
trén graphene ocid-TiO,-p-cyclodextrin co thé loai b0 t6i
93% coccine mai (NC), sau 60 phat phan tng.

Nhu vay, qué trinh két hop cua GO va TiO, véi sy c6 mat
clia cdc chat lien két ngang nhu cellulose, cyclodextrin....
hinh thanh hydrogel ¢ cdu tric 3D lam tang higu qua
trong viéc loai bo thudc nhudm. Hon nda, cac hydrogel
c0 cdu tric 3D nay dudc tdng hdp bang cac quy trinh don
gian, than thién véi méi trudng, c6 thé phan hiy sinh hoc
va chi phi thap.

Trong nghién ctiu nay, da nghién ctu téng hop vat liéu
Ti0,-PAA-GO sti dung polyacrylic axit (PAA) lam chat lién
két ngang va danh gid hoat tinh xtic tdc quang ctia vat liéu
thong qua qua trinh phan hiy phdm méau DB71 trong viing
anh sang kha kién.

II. THUC NGHIEM

1. Hoa chit va thiét bi

Cac hoa chét st dung tong hdp vat liéu déu dat do
tinh khiét phan tich, c6 ngudn goc tif Sigma - Aldrich bao
gém: KMn0, 99.5%, H,S0, 96%, H,PO, 85%, H,0, 30%,
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HCI 35%, Graphit dang bot, Titanium (IV) isopropoxit
(TIOT) > 99%, C,H,0H 99,9%, polyacid acrylic co M ~

145.000 (PAA) ham lugng 65% trong nudc, Direct Blue

71 (DB71) 50%.



Thanh phan pha dudc xac dinh bang phudng phap
nhiéu xa tia X (D8-Advance 5005). Kha nang hdp thu anh
sang clia xuc tac dudc déc trung bang pho hdp thu UV-Vis
(UH4150, Hitachi). Nong do DB71 dudc xac dinh bang
phudng phép trac quang & budc song 587nm (UV 1800,
Shimadzu).

2. Téng hop vat ligu TiO,-PAA-GO

Graphen ocid (GO) duac tong hdp tii graphit bang
phuong phap Tours.

Dung dich A: Hoa tan 200mg GO vao 40ml nudc dé ion
thu dugc dung dich GO c6 nong do 5mg/ml. Lay lugng
chinh xdc PAA hoa tan trong 10ml nudc dé ion, khudy @
nhiét do phong cho dén khi xac dinh dugc PAA tan hoan
toan. Tron dung dich GO v6i PAA thanh hon hdp dong nhét
khudy lién tuc 1h va siéu am.

Dung dich B: L&y 5ml ethanol vao phéu nho giot 10ml, thém
1,25ml TIOT vao va lac déu thu dudc dung dich trong sudt.

Nho tu tif dung dich B va dung dich A, khudy déu ¢
nhiét do phong trong 2h sau do siéu am trong 1h tao hon

hop huyén phu. Huyén phu thu dugc chuyén vao binh thay
nhigt tai nhiét do xac dinh trong 6h. Ti0,-PAA-GO la vat
liéu x6p c6 mau nau dam va lam kho bang mady sdy chéan
khdng & nhiét do 60°C trong 10 gid.

3. Danh gia hoat tinh xuc tac quang

L4y 100mg moi loai vat liéu khac nhau Ti0,-PAA-GO,
Ti0,-GO, Ti0, va 100ml dung dich DB71 ndng do 25ppm
vao 3 coc thuy tinh 200ml khac nhau. Dung gidy bac boc
kin coc, khudy déu trén may khudy tif trong 30 phut, sau
do chiéu xa bang dén sgi d6t (220V - 36W). Sau thdi gian
nhét dinh, dem ly tdm (toc do 6.000 vong/phut trong 15
phat), nong do DB71 con lai dudc xac dinh bang phudng
phdp trac quang 6 budc song 587nm.

Hiéu sudt cla phan tng quang phan hiy DB71 dudc
tinh theo cong thl’jc:

= [(Ao — At)/A0]*100

Trong do: H la h|eu sudt phan hiy (%), A, 1a do hap thu
clia DB71 tai thai diém t = 0 (mg/g), At 12 do hap thu cua
DB71 tai thdi diém t phut (mg/g).

III. KET QUA VA THAO LUAN

1. Nghién ctru 4nh huwéng cia ty 1€ PAA/GO
Dic trung cau tric tinh thé va kha ndng hap thu buic xa
cua vat ligu Ti0,-PAA-GO vdi ty 1& PAA/GO vé phan tram
350
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Pho XRD clia cac mau vat liéu véi ty 18 PAA/GO khac
nhau cho thdy cac méau déu xudt hién pic tai cac vi tri
20 = 25,29 38,51° 48,00° 53,89°; 53,92° va 62,51°
ling v6i TiO, 6 cdu tric tinh thé dang anatase. Két qué
nay da chUng minh rang khi st dung PAA 1am chat lién két
ngang véi ham lugng khac nhau déu khong anh hudng dén

khoi lugng khac nhau lan lugt la 0/100, 25/100, 50/100,
75/100, 100/100 dudc xac dinh bang phudng phap XRD
va pho UV-Vis trong Hinh 1 du6i déy:

Do hap thu

Budc séng (nm)

Hinh 1. Phd XRD va phd UV-Vis cia Ti0,-PAA-GO vi tj 1 PAA/GO khac nhau

thanh pha?in pha cla vat liéu.

K&t qua pho UV-Vis thu dugc trén Hinh 1 cho thdy, vat
liéu Ti0,-PAA-GO c6 tinh quang xic tic t6t trong vung
kha klen thong qua su hinh thanh cua lién két Ti-0—C bdi
electron @ chua ghép cap cta GO va PAA 1én bé mat TiO,
[am md réng pham vi hdp thu anh sang cua Ti0 7]

Bang 1: Anh hudng ctia ty 1& PAA/GO dén budc song va ning lugng viing cdm

Ti 16 PAA/GO (%) 0/100 25/100 | 50/100 75/100 100/100
Budc song hdp thu A (nm) 420 445 442 432 422
Nang lugng viing cdm E (eV) 3,05 2,84 2,89 2,92 299
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Khi két hdp PAA va GO vao Ti0, da gidp cho vét liéu c6
kha nang hdp thu anh sang kha kién. Su ton tai clia PAA
trong mang tinh thé GO c6 thé 1a ngudn goc cho su dich
chuyén vung anh séng hdp thu t6t hon. PAA dong vai tro
nhu chdt nhay sang co tac dung hd trg gitip cho vat ligu
chuyén vé viing anh sang kha kién[8]. Mat khac, lién két
Ti-0-C la lién két dugc tao ra gida TiO, va GO trong mang
tinh thé khi c6 mat clia PAA thi lién ket nay con dugc tao
ra gidia Ti0, va PAA trong mang tinh thé dan dén su hinh
thanh cac trang thai c6 muc nang lugng thap hon hay hap

400

350 |
300 -
& 250
=
£ 200
] 4/1
2 150
K 31
1007 21
50 11
0 0.51
E———
20 30 40 50 60 70

2-Theta (degree)

thu anh sang kha kién tai mot budc song I6n hon[7]. Tuy
nhién, néu ham Iu0ng PAA cao sé, lam tang nang lugng
ving cdm va lam can trd viéc chiéu xa 1én bé mat TiO,-
PAA-GO dan dén hiéu qua xac tac. Nhu vay, ty 16 PAA/GO
25/100 la t0i uu nhat.

2.N ghlen ctru anh hu’o’ng cua ty 1€ TiO,/GO
Két qua phd XRD va phd UV-Vis cla cac mau TiO,-
PAA-GO véi ty Ié vé khoi lugng cua Ti0,/GO khac nhau

dudc chi ra trén Hinh 2 dudi day:

1.0

D6 hap thu

Budc séna (nm)

Hinh 2. Phd XRD va UV-Vis ciia cac mau Ti0,-PAA-GO vdi ty I¢ Ti0,/GO khac nhau

Két qua pho XRD cho thdy, vdi cc ty 1é Ti0,/GO khac
nhau déu khong anh hudng dén thanh phan pha cua vét
liéu, tat ca cac mau thu dudc déu & dang pha anatase.
Kich thudc tinh thé pha anatase cta cac mau Ti0,-PAA-GO
déu nho hon so véi kich thudc tinh thé pha anatase clia
Ti0,, diéu nay co nghla |a su két hop véi GO da han ché su
tang trudng cua tinh thé TiO,.

Bang 2: Anh hudng cia ty 18 T|02/GO dén budc song hap thu,
kich thudc tinh thé va nang Iugng viing cam

Ti Ig Ti0,/G0 (m/m)

0.5/1

i

21

3/

41

Budc song hdp thu A (nm)

398

445

430

435

420

Kich thudc tinh thé (nm)

50

5,2

4,9

4,7

43

Néing lugng vung cém E, (eV)

3,02

2,84

2,93

2,91

2,98

Két qua phé UV-Vis ciing chi ra rang, khi ting ham
lugng ctia GO vao Ti0,, do hap thu quang cla xic tic m@
rong vé phia viing kha k|en Diéu nay c6 thé dudc giai thich
la do viéc két hop tinh thé TiO, trén bé mat tm GO sé hinh
thanh lién két Ti-0-C trong mang tinh thé dan dén su hinh
thanh céc trang thai c6 miic nang lugng thdp hon hay héap
thu anh sang kha kién tai mét budc séng lén han[8] diéu
nay phi hdp véi nghién ctiu cta Chen Ying. Tuy nhién,
ham lugng carbon nhiéu sé lam can trd su tiép xdc vai anh
sang cua cac hat xuc tac Ti0,, ngoai ra néu du thuia carbon
lam cho kha néng tai két hdp electron-16 tréng tang 1én vi
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khoang cach gitfa cac vung chiém gid dién tich giam nén
hiéu qua cta xuc tac giam[9]. Nhu vay, vdi ty ¢ Ti0,/GO
[a 1/1 12 101 Uu nhét.

3. Anh huéng ciia nhi¢t dg thity nhiét

D& c6 thé Iua chon dudc nhiét do thiy nhigt phu hop
trong binh thuy nhiét cho qua trinh tong hop vat ligu TiO,-
PAA-GO can dua trén két qua do nhiéu xa tia X (XRD) cua
cac mau Ti0,-PAA-GO tai cac thoi diém nhiét do khac nhau:

500
4007
3004

200

Intensity (cps)

100 -

= 0 le.e::O(degree) 50 &0 7

Hinh 3. Gian do XRD cac mau Ti0,-PAA-GO

6 nhiét do thiy nhiét khac nhau

Tir két qua phd XRD clia cac mau Ti0,-PAA-GO ¢ diéu
kién nhiét do thay nhiét khac nhau déu xuat hién cac pic
tai cac vi tri 20 = 25,36; 37,9; 48,4,54,3, 55, 62,82 (ing
véi cac dinh (101), (00 4), 200), (105), 21 1),
(2 0 4) déc trung cho Ti0, dang anatase. Nhu vay, khi



nung mau tii nhiét do 90°C dén 210°C trong binh thuy nhiét
thi da lam tang su chuyén pha anatase cla thanh phan
Ti0, ¢6 trong mau vat liéu. Cudng do pic anatase tang dan
tu mau nung 90°C dén mau nung ¢ 210°C. Mau nung &
nhiét d6 180°C c6 cudng do peak anatase thu dudc kha
nhon so vGi cac mau con lai chiing to cau tric vat liéu co
do tinh thé tuong doi cao day la diéu mong mudn trong
hoat dong xuc tac quang hoa. Mau nung 6 210°C c6 su
tang kich thudc tinh thé so véi cac mau dudc nung 6 nhiét
do thap han[9]. Diéu nay co thé 1a do khi tang nhiét do, su
két tu cla cac hat TiO, tang Ién. Do vay, Iua chon nhiét do
thuy nhiét 1a 180°C.

4. Hoat tinh quang xuc tac cia vat li¢u
TiO,-PAA-GO

DE danh gia hoat tinh quang xuc tac tién hanh so sanh
higu sudt phan hiy DB71 dudi sy chiéu xa cta anh séng
viing kha kién bang vat ligu Ti0,, Ti0,-GO va Ti0,-PAA-GO.
K&t qua dudc thé hién trong H|nh 4 du0| day:

100 | —o— TiO,-PAA-GO
—m=TiO,
80 TiO,-GO
60

40
20 //‘
0r

0 15 30 45 60 75 90
Thaoi gian phan ung (phit)

H (%)

Hinh 4. Hiéu suat quang xic tac DB71 dudi anh sang kha kién
clia vat ligu Ti0,-PAA-GO, Ti0,-GO va Ti0,

Hinh 4 cho thdy vat liéu tong hdp co PAA va khong co
PAA cho hiéu sudt phan hiy DB71 khac nhau dang ké
trong vung anh sang kha kién. Sau 15 phut chiéu xa, higu
suét phan huy DB71 cua Ti0,-PAA-GO la 42%, cao han 2
lan so v6i Ti0, va 35% trong T|0 -GO. Hon niia, DB71 gan
nhu bi phan huy hoan toan bang vat lieu Ti0,-PAA-GO,
trong khi Ti0, chi phan hiy dudc 40% DB71 con Ti0,-GO
phan huy duac khoang 80% DB71. Nhu vay, mot Ian nifa
da chiing minh dudc vai tro cla PAA trong cdu tric cua
vat liéu co thé 1am tang hoat tinh trong vung anh séng
kha kién.

IV. KET LUAN

Pa nghién ciu téng hdp dudc vat liéu Ti0,-PAA-GO
bang phudng phap thly nhiét st dung pon(acryllc acid)
lam chat lién két ngang. Thong qua phuong phap phd XRD
va phd UV-Vis da chiing minh dudc diéu kién t6i uu vé ty
Ié PAA/GO la 25/100 (phan tram khdi lugng), ty 18 t0i uu
cua Ti0,/GO fa 1/1 (vé khi luong) va nhiét do thay nhiét

la 180°C. Vat liéu Ti0,-PAA-GO c6 hoat tinh quang xuc tac
tot trong qué trinh phan hily DB71 trong ving dnh sang
kha kién.
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NGHIEN CUU DIEU TRA, KHAO SAT THUC TRANG VE CHAT LUONG
VA BIEN PHAP QUAN LY CHAT LUGNG MOT SO SAN PHAM TAY RUA GIA DUNG
TAI VIET NAM

TRUGNG THI TO CHINH, HOANG ANH TUAN, NGUYEN TRUNG HIEU

SUMMARY:

Vién Hoa hoc Cong nghiép Viét Nam

STUDY, SURVEY ON THE STATUS OF QUALITY AND QUALITY MANAGEMENT
MEASURES OF SOME HOUSEHOLD CLEANING PRODUCTS IN VIETNAM

This article presents the results of the study on investigate, survey and evaluate the current
situation of quality and quality control measures for domestic and imported household cleaning
products circulating in the Vietnam market. This will be the scientific basis to propose management
solutions for household cleaning products to meet the requirements of ensuring the health, interests

of consumers and being environmentally friendly.

I. PAT VAN DE

Nganh cham soc ca nhan va gia dinh la mét trong
nhiing linh vuic 16n va dugc danh gia 1a hap dan nhat tai
Viét Nam, trong d6 mang chat tdy riia chiém khoang 78%
gia tri. Theo thdng ké nam 2020 clia Tap doan nghién cliu
thi trudng cta Anh, nganh hang chdm sdc c¢é nhan va gia
dinh tai Viét Nam c6 gia tri thi trudng khoang 3,1 ti USD,
tudng duong 75.000 ti dong. Theo so liéu diéu tra, khao sat
clia dé tai cap Bo Cong Thudng, ma s6 DT.B0.177/21, trong
giai doan 2018-2022, t6ng khdi luidng san pham tdy riia gia
dung san xudt 1a 5,454 triéu tan va tong lugng san pham da
tiéu thu 1a 5,004 triéu tdn, mang lai doanh thu tii san phdm
tiéu thu 1a 86.695 ty dong. Trong d6, riéng ndm 2022, tdng
khdi Iigng san pham tdy riia gia dung san xudt 1a 1,133 triéu
tan va tong lugng san phdm da tiéu thu 1a 962.847 tdn, mang
lai doanh thu tif san pham tiéu thy 1a 18.027 ty dong[1]. Diéu
nay cho thdy thi truong san xuét san phdm tdy rda gia
dung & nudc ta rat co tiém nang va nhu cau st dung I6n.

Hién nay, thi trudng san phdm tdy rlia gia dung cla
Viét Nam rét da dang ca vé so Iudng va chung loai. Ngoai
cac san pham san xuat trong nudc con ¢6 cac san pham
nhap khdu tui nhiéu nudc trén thé gidi véi nhiéu nhan hiéu
va muic do chat ludng khac nhau. Bén canh cac san pham
c0 chét lugng t6t van con nhiéu san phdm chua dam bao
chat lugng. Do nhu c4u, thi hiéu clia ngudi tiéu ding hoéc
do muc dich ha gia thanh dé canh tranh vé gid clia cac nha
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san xudt, mot s6 doanh nghiép van dua vao san pham céac
thanh phan doc hai gay anh hudng dén stic khoe ngudi tiéu
diing va tac dong xau dén mai trudng, vi du paraben vdi vai
tro 1a chdt bao quan trong san phdm c6 thé gay ri loan noi
tiét to va gay ung thu @ ngudi,...[2- 7], triclosan ciing la
mot chat bao quan co thé gay viém da tiép xac, 1am giam
noi tiét to va gay ung thu gan [8-11].

Mat khac, tii nhiéu nam nay cac doanh nghiép tu xay
dung TCCS va tu chiu trach nhiém véi san phadm cda minh,
trong khi cong tac kiém tra, giam sat va quan ly nha nudc
d6i vai viec san xuat, nhap khau va Iuu thong trén thi triong
ctia nhém hang nay chua dugc quan tdm dling muc nén
chat Iugng clia cac san pham trén thj trudng khong dong
déu, nhiéu san phdm troi ndi, khong ré ngudn goc xudt xa.

Nham tao cd sd khoa hoc dé dua ra giai phap quan ly
chét ludng hang hoa hiéu qua, muc tiéu ctia dé tai la nghién
cliu khao sat, danh gia thuc trang vé chat Iugng va bién
phap quan ly chét lugng d6i véi nhom san pham tay rlia gia
dung san xuat va tiéu thu trong nudc nham nang cao cht
lugng san phdm, dam bao stic khoe, quyén Igi cua ngudi
tiéu dung, bao vé moi trudng va dap ting yéu cau phat trién
bén viing trong thdi ky hdi nhap.



II. PHUONG PHAP NGHIEN CUU

1. Phwong phap danh gia thuc trang chat
lwgng doi véi cac sin phim tay rira gia dung
san xuat tai cac doanh nghiép trong nwéc

Phuong phap danh gia thuc trang chét Iudng céc san
phadm tdy riia gia dung san xudt trong nudc dudgc thuc hién
bang cach I8y mau cac san phdm tdy riia gia dung dudc
san xuat tai cac doanh nghiép trong nudc dang luu hanh
trén thi trudng Viét Nam. Tién hanh phén tich theo TCVN.
TU céc két qua phan tich thuc té chat ludng san pham, so
sanh véi tiéu chudn qudc gia va yéu cau ky thuat dé danh
gia mic do dap ting yéu cau chét ludng clia cac san pham
dang Iuu hanh trén thi trudng Viét Nam so vdi tiéu chuan
qudc gia.

2. Phwong phap danh gia thuc trang
chit lwong doi vOi cac san pham tiy rira
gia dung nhap khéu tir nuéc ngoai vao thj
truomg Viét Nam

Phuong phap danh gia thuc trang chét Iudng céc san
phdm tdy rda gia dung nhap khdu dudc thuc hién bang
cach I8y méau cac san pham tdy rlia gia dung dudc nhép
khdu tUf mét s6 nudc nghién clu dang Iuu hanh trén thi

trudng Viét Nam dé tién hanh phan tich theo TCVN. TUf c4c
két qua phan tich thuc t6 chat Iugng san phdm, so sanh
vGi tiéu chudn qudc gia dong thdi so sanh véi yéu cau ky
thuat cia nudc san xudt dé danh gia mic do dap ting yéu
cau chat lugng cla cac san pham dang Iuu hanh trén thi
tru0ng Viét Nam va miic do dap tng cla hé tho'ng tiéu
chuén quéc g|a s0 vdi yéu cau ky thuat hién tai clia chau
Au va mét s6 nudc trong khu vuc.

3. Phuong phap danh gia thue trang Ve
quan ly chit lwong ddi véi cac san pham tay
rira gia dung tai Viét Nam

Cép nhat cac van ban, quy dinh phap luat trong nudc
vé quan ly d6i véi cac san phdm tdy rda gia dung. Thu
thap thong tin tinh hinh quan Iy nha nudc hién nay doi vdi
cac san pham tdy rlia gia dung san xuét, nhap khau va luu
hanh trén thi trudng Viét Nam két hap 1ay y kién khao sét tai
cac doanh nghiép san xuat va cd quan quan ly trong nudc
dé danh gia thuc trang tinh hinh quan Iy chat lugng doi voi
nhom san pham tay ria gia dung nham lam can ci khoa
hoc dé dé xudt giai phap quan Iy nha nudc dam bao phi
hdp v6i diéu kién thuc tién tai Viét Nam.

I1I. KET QUA VA THAO LUAN

1. Panh gia thue trang chat heong ddi véi
cAc san pham tiy rira gia dung san xuét tai
Viét Nam

Pé tién hanh khao sét thuc trang vé chét Iugng cta mot
s6 san pham tdy riia gia dung san xudt trong nudc, nhom
dé tai da thu thap 6 chung loai san phdm tdy rda gia dung
san xudt trong nudc dang Iuu hanh pho bién trén thi truong
gom: bot gidt, nudc giat, nudc xa vai, nudc ria bat, nudc

lau san va nudc tay bon cdu/nha tdm. MGi ching loai san
phdm I1dy 3 méu thudc phan khac cao cép, trung binh kha
va binh dan. Cac mau nghién ctu dudc luu thong tin va
gli phén tich tai Trung tam Ky thudt tiéu chudn do luong
chat ligng 1 - Tong cuc Tiéu chuén do ludng chét Iigng va
Trung tdm Phan tich - Vién Hoa hoc cong nghiép Viét Nam
theo yéu cau ky thuat ctia TCVN hién hanh. Két qua phén
tich cac chi tiéu ky thuat cu thé cla cac mau san phim
tdy rtia gia dung nghién ctu dugc trinh bay trong Bang 1.

Bang 1: Két qua phan tich cac mau san pham tay ria gia dung san xuat trong nudc

- Tén7sén pham/ Két qua phan tich
Céc chi tiéu phan tich Yéucau ky thuat|  Mau1 Mau 2 Mau 3
1 BOT GIAT TCVN 5720:2001 BG1 BG2 BG3
Cac chi tiéu ngoai quan: - Dat - Dat - Dat
- Trang thai: HOn hop ddng nhét bot hodc hat, khdng von cuc. - Mau trang - Mau trang - Mau trang
- Méu: Mau trdng hoac cho phép diém céc hat phy gia c6 mau diém cac hat  |diém c4c hat  |diém cac hat
- Mui: C6 mui tham dé chiu phu gia phu gia phu gia
1. Ham ludng chat hoat dong bé mat, % wt >20 15,4 11,3 15,6
2. pH ctia dung dich bgt giat 1% trong nudc 9-11 10,29 10,7 10,43
3. Ham lugng photpho (theo P,0,), % wt >5 0,0027 0,29 0,011
4. Ham lugng chat khong tan trong nudc (25°C), % wt <3 2,7 2,04 9,17
5. Ham lugng nudc va cac chat bay hai, % wt <12 1,75 - 4,82
6. Do phan hiy sinh hoc, % wt >90 KLD KLD KLD
7. gr&a%a\?& %a;%’:‘z“gg;‘)q“a”g KDP C6 phathien | C6 phét hien
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Tén san pham/

Két qua phan tich

m Cac chi tiéu phan tich Yéu céu ky thuat Mau 1 Méu 2 Mau 3
NUGC GIAT TCVN 6970:2001 NG1 NG2 NG3
Céac chi tiéu ngoai quan:
- Trang thai: H6n hdp ddng nhat khong tach 1p, - Dat - Dat - Dat
- Mau: Trang hodc xanh nhat, khong c6 tap chét cd hoc - Mau: Xanh - Khong mau |- Mau: Hong
- Mui: Co mui tham dé chiu
1. Ham lugng chat hoat dong bé mat, % wt >15 15,3 3,44 10,4
2. pH cua dung dich nudc giat 1% trong nudc 9-11 7,58 6,2 6,38
3. Ham ludng phét pho (theo P,0,), % wt >5 < 0,002 0,17 < 0,002
4. Ham lugng chat khong tan trong nudc,% wt <6 0,044 0 0,021
5. D0 phan huy sinh hoc, % khoi ligng >90 KLD KLD KLD
B(TC;‘Z‘;C'f‘/’,II‘ 239%’%%”1“) quang KDP Cophathien | Co phathien | Co phat hign
S0 YA VA TKTCUN
NUGC XA VAI 6970:2001 Xvi Xv2 Xv3
Cac chi tiéu ngoai quan:
- Trang théi: H,6n hgp dong nhat, khong tach I6p , - Dat - pat - pat
- Mau: Mau trang hodc xanh nhat, khong ¢ tap chat cd hoc - MAu: xanh nhatl- Mau: xanh nhatl- Mau: xanh nhat
- Mui: C6 mui thdm dé chiu ) i ) : ) j
1. pH clia dung dich bt giat 1% trong nudc - 4,05 3,68
2. Ham lugng phot pho (theo P,0,), % wt >5 0,0035 -
3. Ham lugng chat khong tan trong nudc,% wt <6 5,12 8,05
4. Ham lugng kim loai nang (theo chi), mg/kg (TCVN <9 i ) <
6971:2001) _
NUOC RUA TONG HOP NHA BEP TCVN 6971:2001 RB1 RB2 RB3
Céac chi tiéu ngoai quan:
- Trang thai: Long sanh, dong nhat, khdng phan I6p, khong két tia & nhiét
@6 nho hon 20°C - Dat - Dat - Dat
- Mau: Ddng nhat va theo mau dang ky - Mau: Cam nhat|- Mau: xanh 14,(- Mau: vang,
- Mui: Khong mui hodc ¢6 mui dé chiu trong suot trong su6t
1. Ham ludng chat hoat dong bé mat, % wt > 10 10,7 14,6 12,7
2. pH cta dung dich san pham 6-8 6,17 6,9 7,03
3. Ham lugng metanol, mg/kg <1000 KPH KPH -
4. Ham ludng asen, mg/kg <1 0,18 KPH KPH
5. Ham lugng kim loai nang, (theo chi), mg/kg <? 23,5 <?2 <2
6. Chat Iam sang huynh quang KDP KPH KPH -
7. D0 phén huy sinh hoc, % khéi lugng >90 KLD KLD KLD
< N TCVN
NUGC LAU SAN 12589:2018 LS1 LS2 LS3
Cac chi tiéu ngoai quan:
- Trang thai: Long sanh, dong nhét, khdng phén I6p, khong két tta @ nhiét|- Dat - Dat - Dat
d6 nho han 20°C (Mat thudng) -Muidé chiu |- Mau héng,|- Mau xanh 14,
- Mui: Khong mui hodc c6 mui dé chiu trong suot trong suot
1. Ham Iugng chat khong bay hoi (chat ran tong), %| Theo su thoa
kndi ludng thuan 305 188 2,08
2. Ham lugng can, % khoi ludng <0,2 0,098 0 <01
3. pH tai 25°C <10,0 6,63 49 6,75
4. Do 6n dinh nhigt tai 50°C + 2°C trong 8h:
- Gia tri pH <10,0 6,65 5,0 6,79
- Ngoai quan clia dung dich sau khi thi KKT KKT KKT KKT
5. Ham lugng asen, mg/kg <1 0,11 KPH KPH
6. Ham lugng kim loai nang (theo chi), mg/kg <2 33,2 <?2 <2
Ham lugng triclosan, mg/100g 49,2 +4,92 - -
Ham lugng paraben, pg/kg KPH - -
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T Tén san pham/ Két qua phan tich
Cac chi tiéu phan tich Yéu céu ky thuat Mau 1 Méu 2 Mau 3
< Av g F— TK TCVN

6 |NUGC CO BON CAU/ NHA TAM 6970:2001 BC1 BC2 BC3
Céac chi tiéu ngoai quan:
- Trang thai: H6n hdp ddng nhat, khong tach I6p - Dat - Dat - Dat
- M4u: Mu trang hoic xanh nhat - Mau: vang - Mau: xanh - Xanh dam
- Mui: C6 mui thdm dé chiu
1. pH clia dung dich bt giat 1% trong nudc - 2,03 0,1 1,45
2. Ham lugng phétpho (theo P,0,), % wt >5 < 0,002 - -
3. Ham lugng chét khong tan trong nudc,% wt <6 < 0,01 0,01
4. Ham lugng asen, mg/kg <1 0,069 -
5. Ham lugng kim loai nang, (theo chi), mg/kg <? 30,7 - <?
6. Ham lugng acid (theo HCI), % khai lugng - 11,2 -

Ghi chu: KPH: Khéng phdt hién;
KLD: Khéng lam dudc

Két qua phan tich chi tiéu chat lugng san pham Ui Bang 1
cho thay:

- Cac mau bot giat, nudc giat va nudc xa vai dudc
nghién ctiu déu co6 chi tiéu chinh Ia ham lugng chat hoat
dong bé mét va ham lugng phétpho (theo P,0,) thdp hon
nhiéu so véi gidi han quy dinh cta tiéu chuén TCVN, ngoai
tril mot mau nudc giat NG1 dat yéu cdu vé ham ludng chat
hoat dong bé mat (15,3%). Chi tiéu nay clia NG1 cling la
chi tiéu duy nhat dat yéu cdu trong s6 3 mau nudc giat
dudc tht, con tat ca cac chi tieu khac déu khong dat. Ca
3 mau bot gidt va 2 mau nudc giat (NG1, NG2) dudc thi
déu phat hién su c6 mat ctia chat lam sang huynh quang.

Trong s6 cac mau nudc rlia bat, nudc lau san va nudc
tdy bon cau c6 mau RB1, LS1 va BC1 cd ham lugng kim
loai nang cao gdp 10-16 1an so vdi gi6i han cho phép.
Mau LS1 dudc chon ngdu nhién dé phan tich tham do
mot s6 thanh phan da bi cdm st dung trong my phdm
nhu triclosan va paraben. Két qua cho thay trong mau LS1
khong tim thdy su c6 mat clia paraben nhung lai ¢6 chuia
triclosan véi ham lugng 1a 49,2 + 4,92 mg/100g.

Tom lai, qua két qua nghién ctiu phan tich, danh gia
c4c chi tiéu chat lugng ctia mot s6 mau san pham tdy ria
gia dung san xudt trong nudc dang Iuu hanh trén thi trudng
cho thdy mot s6 lugng I6n san pham tdy rda gia dung, dic
biét 1a bot giat va nudc giat, xa vai c6 ham ludng hoat chat
chinh khéng nam trong gi6i han yéu cu ky thuat cho phép
clia TCVN. Cac san pham luu hanh trén thi truong theo tiéu
chudn ¢d sd (TCCS) do doanh nghiép tu cong bo trong khi
yéu cau ky thuat chung cta qudc gia chua cap nhét (trén
20 ndm) hodc chua xay dung, can phai diéu chinh, bo
sung cho phu hdp véi thuc t6 va xu thé phat trién cia thé
gidi cting nhu khu vic. Mot so thanh phan hoa chat doc
hai da bi nudc ngoai cdm st dung ddi véi cac san pham
tdy rlfa gia dung va my phdm van c6 mat trong san pham
tdy rda trong nudc, ma chua co yéu cau ky thuat cu thé

KKT: Khong két tia;
KDP: Khéng duoc phép

“-“: Co sd phan tich khéng thuc hién

d6i véi thanh phan doc hai nay. Mot s chi tiéu ky thuét
da dudc xay dung trong TCVN nhu d6 phéan hiy sinh hoc
nhung cd s@ phén tich trong nudc chua dap ling dudc.
Ngoai ra, ndng Iuc danh gid phu hop clia cac cd quan chiic
nang phan tich trong nudc van con nhiéu han ché.

2. Nghién ciru diéu tra, khao sat thuc trang
vé chit lwgng mot s0 san phfim tfiy rura gia
dung cia chau Au va mot s6 nudée trong khu
vue luu hanh tai thj truong Viét Nam

Tién hanh thu thap 6 chiing loai san phdm tdy rlia gia
dung nhap khdu tif Dic, Nhat, Han Quéc, Trung Qudc va
Théi Lan dang luu hanh ph6 bién trén thi trudng gém: bot
gidt, nudc giat, nudc xa vai, nudc riia bat, nudc lau san va
nudc tdy bon cau/nha tm. MGi chlng loai san pham Iy
01 mau. Cac mau dudc ma hoa, luu thong tin gtii di phan
tich tai Trung tam Ky thuét tiéu chudn do ludng chat lugng
1 - Tong cuc Tiéu chudn do Iuong chét ludng va Trung tam
Phan tich - Vién Hoa hoc cbng nghiép Viét Nam theo yéu
cau ky thuat ctia TCVN hién hanh. Két qua phan tich cac
chi tiéu ky thuat cu thé dudc dua ra trong Bang 2. K&t qua
phén tich chi tiéu chét Iugng trong Bang 2 cho théy:

- Cac mau bot giat dudc thli c6 ham lugng chat HDBM
rat khac nhau va khong dap Gng dudc yéu cau gidi han
cho phép vé ham ludng chat HDBM ctia TCVN 5720:2001.
Trong s6 d6, 2 mau cta Trung Qudc (BG7) va Thai Lan
(BG8) co ham Iugng chat HDBM gén bang miic gidi han
quy dinh ctia TCVN (16% va 15%). Dai chiéu véi yéu cau
ky thuat cuia cac nudc san xuat nhan thay, ham lugng chat
HDBM cta méu BG7 (16%) la phi hop véi quy dinh tai
tiéu chudn GBT 13171.2-2009 ctia Trung Quéc (> 13%).
Ham lugng chat HDBM va ham Iudng photpho ddi véi bot
giat ctia Dic, Nhat, Han Qudc thdp han nhiéu so véi TCUN
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nhung lai phii hap véi yéu cau ky thuét cla nudc san xudt.
Ham Iugng chat khong tan trong nudc (6 25°C) cla cac
mau bot giat clia Nhat va Trung Qudc cao hon gap 2-3 lan
S0 vGi TCVN.

- Ham ludng phétpho (theo P,0,) cua ca 5 mau nudc
glat dudc tht déu khong dat so vdl tleu chuén tham khéo
clia Viét Nam (> 5%) nhung so vdi yéu cau quy dinh hién
hanh cta céc nudc Dic, Nhat, Han Qudc 6 gidi han < 1%
va Trung Qudc 6 gidi han < 1,1% thi lai hoan toan phi hop.
Mau nudc giat cia Han Qudc (NG6) co ham lugng chat
HDBM 9,58% thdp hon so vdi TCVN 6970:2001 (> 15%),
pH cla ca 5 mau déu trén 7 nhung nhd hon yéu cdu cla
TCVN (9-11). Cac mau nudc xa vai déu dat yéu cau quy
dinh cua TCVN 6971:2001 vé ham Iugng kim loai ning
(theo chi) nhung ham Iugng chat khong tan trong nudc cla
2 mau Ddc va Nhat lai cao han so véi yéu cdu cua TCVN
tham khao.

- Cac mdu nudc rtia bat déu dat hau hét cac chi tiéu
yéu cau cua TCVN 6871:2001. Tuy nhién, so véi yéu cau
ky thuat cta cac nudc san xuat thi mic gidi han yéu cau
clia mot so chi tiéu trong TCVN 6871:2001 hién nay dang
nhe nhang han. Nam mau nudc lau san nghién cliu déu dat
tat ca cac chi tiéu yéu cdu ky thuat cua tiéu chuan TCVN
12589:2018 va 5 mau nudc tdy bon cdu/nha tam cing
dat cac yéu cu so vdi tiéu chudn tham khao. Hién nay
mdi chi co 2 nudc co yéu cau ky thuat doi véi san pham
nudc lau san va nudc tdy bon cdu 1a Trung Quac va Thai
Lan. Két qua phan tich ham lugng acid ctia mau BC7 va
BC8 ciing phu hdp va dat yéu cau véi quy dinh cla Trung
Quéc (< 12%).

Tom lai, qua két qua phan tich, danh gia thuc té céc chi
tiéu chat ludng ctia mot s6 mau san pham tdy rlia gia dung
nhap khdu tii chau Au va mot s6 nudc trong khu viic dang
[tu hanh trén thi trudng Viét Nam cho thdy chat Iudng cac
san pham tay rdia gia dung nhap khu tif cac nudc khac
nhau ¢6 su khac nhau I6n va cting rat khac vdi chi tiéu chat
ludng quy dinh cua Viét Nam. Yéu cau ky thuat doi véi cac
san pham tdy ria gia dung cla cac nudc hién nay hau hét
déu co gi6i han ham ludng chat HDBM va ham lugng tong
phot phat & mdc rat thdp dé giam thiéu chat thai nguy hai
ra moi trudng, dong thdi cac thanh phan khac clng dudc
quy dinh gat gao hon nén mot s chi tiéu chat ludng cua
TCVN khong con phu hop va da dén luc can diéu chinh,
bo sung dong thoi can nhéc viéc xdy dung va ban hanh
TCVN riéng cho nudc gidt, xa vai va nudc tdy bon cau/
nha tdm. Mat khac, nang luc phan tich trong nudc hién
tai cting con nhiéu bat cap, mot s6 dan vi phan tich trong
nudc chua dang ky hodc chua du diéu kién dé dudc phé
duyét chiic ning phan tich theo céac chi tiéu chat Iudng
clia nudc ngoai.

3. Nghlen ciru danh gia thlrc trang vé
quan ly chit luwgng d6i véi mot s san pham

tay rira gia dung san xuit trong nudc

Qua nghién ctiu khao sat, danh gia tinh hinh thic t6
quan ly nha nudc vé cac san pham tdy riia gia dung san
xudt, nhap khau va luu hanh trén thi trudng trong nudc, cho
thay thuc trang cong tac quan Iy chat ludng doi véi nhom
san phdm tdy ra gia dung nhu sau:

Bang 2: Két qua phan tich cac mau san pham tay rira gia dung nhap khau dang luu hanh tai Viet Nam

., Két qua phan tich
T Tén san pham/ Yeu ca T AL
Céac chi tiéu phan tich eu cau - A 5 5 rung aiLan
TCUN Dic Nhat | Han Qudc Quéc
- TCVN

1 |BOT GIAT 5720:2001 BG4 BG5 BG6 BG7 BG8
1. Ham ludng chat hoat dong bé mat, % wt > 20 3,43 9,45 2,53 16 15
2. pH ctia dung dich bét gidt 1% trong nudc 9-11 10,47 10,18 10,22 10,1 10,4
3. Ham lugng phétpho (theo P,0,), % wt >5 0,0056 | 0,0016 0,022 9,83 0,34
4. Ham Iugng chat khong tan trong nudc (25°C), % wt <3 0,46 13,5 0,15 8,06 1,85
5. Ham lugng nudc va cac chat bay hai,% wt <12 14,8 10,1 4,67 2,17 5,49
6. D6 phan hy sinh hoc, % wt >90 KLD KLD KLD KLD KLD

- TCVN

2 |NUGC GIAT 6970:2001 NG4 NG5 NG6 NG7 NG8
1. Ham lugng chat hoat dong bé mét, % wt >15 18,3 17,8 9,58 15,9 17,1
2. pH ctia dung dich nudc giat 1% trong nudc 9-11 7,77 8,19 797 78 7,5
3. Ham lugng phét pho (theo P,0,), % wt >5 0,18 0,0039 | <0,002 | 0,18 0,17
4. Ham lugng chat khong tan trong nudc,% wt <6 0,016 0,032 0,023 0 0
5. D¢ phan huy sinh hoc, % wt >90 KLD KLD KLD KLD KLD
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) Két qua phan tich
m céch:ii;:gnupm?:/“ch Yéu cau ] R s | Trung | Thailan
p TCUN Biic Nhat |Han Quéc Quéc
3 |NUGC XA VAl TCUN Xv4 XV5 XV6 Xv7 Xv8
6970:2001
1. pH clia dung dich bot giat 1% trong nudc 6-8 3,53 3,5 3,72 3,0 3,2
2. Ham lugng kim loai nang (theo chi), mg/kg <2 <2 <2 <2 - -
3. Ham lugng chét khong tan trong nudc, % wt <6 10,8 9,59 4,92 0 0,05
4. Ham lugng nudc va chat bay hai, % wt - - - - 96 89,6
g L TCVN
4 |NUGC RUA TONG HQP NHA BEP 6971:2001 RB4 RB5 RB6 RB7 RB8
1. Ham lugng chat HDBM, % wt >10 11,6 15,2 10,4 16,4 17,4
2. pH dung dich san pham 6-8 6,57 6,9 7,35 7,2 55
3. Ham lugng asen, mg/kg <1 KPH KPH KPH KPH KPH
4. Ham lugng kim loai ndng, (theo chi), mg/kg <2 <?2 <2 <? <2 <2
5. Chat lam sang huynh quang KbP - - - KPH KPH
6. Ham lugng methanol, mg/kg <1000 - - - KPH KPH
7. D6 phan huy sinh hoc, % wt >90 KLD KLD KLD KLD KLD
< A TCVN
5 |NUGC LAU SAN 12589:2018 LS4 LS5 LS6 LS7 LS8
1. Ham Iugng chat khong bay hai (chét rdn tong), % wt | Thoa thuan | 4,95 7,6 2,97 3,82 4.4
2. Ham lugng cdn, % wt <02 <01 < 0,1 <01 0 0
3. pH tai 25°C <10,0 7,51 6,79 7,18 8,8 6,3
4.9 6n dinh nhiét tai 50°C + 2°C (8h):
- Gid tri pH <10,0 7,52 6,78 717 8,7 6,3
- Ngoai quan cla dung dich sau khi thi KKT KKT KKT KKT KKT KKT
5. Ham lugng asen, mg/kg <1 KPH KPH KPH KPH KPH
6. Ham Iugng kim loai nang (theo chi), mg/kg <2 <2 <2 <2 <2 <2
] L o TCVN
6 |[NUGC CO BON CAU/NHA TAM 6970:2001 BC4 BC5 BC6 BC7 BC8
6971:2001
1. pH clia dung dich bt giat 1% trong nudc - 2,83 6,7 6,66 1,0 0,2
2. Ham lugng chét khong tan trong nudc,% wt <6 < 0,01 | 0,012 0,017 - -
3. Ham lugng kim loai nang (theo chi), mg/kg <2 <2 <2 <2 - -
4. Ham lugng acid (theo HCI), % wt - - - 7,82 10,6

Ghi chu: KPH: Khéng phét hién;

“-“: Cd sd phéan tich khong thuc hién.

- Hé thong van ban phap Iy vé phan cong chiic nang
nhiém vu quan ly nha nudc d6i véi cac san phdm tdy ria
gia dung chua thuc su rd rang va khong day du nén cac
Bd, nganh déu cho la khong thudc linh vic quan ly cla
minh, dan dén viéc quan Iy nha nudc vé chat ludng ddi vei
cac san pham tdy rda gia dung hién nay cua nudc ta con
nhiéu bat cap;

- Thuc t€ trong nhiéu nam qua nhom san pham nay
chua dugc thuc su quan tam kiém tra giam sat, quan ly
vé chét lugng san phdm séan xuat, xuét nhap khau va trong
qua trinh Iuu théng trén thi trudng cla cd quan quan ly nha
nudc dan dén tinh trang chat ludng san phdm khong dudc
kiém soat thudng xuyén, mot s6 san phdm chua dam bao
chat lugng theo tiéu chudn qudc gia, con chda mot so

thanh phan doc hai vdi stic khde con ngudi va anh hudng
xau dén moi truong,

- Co s san xudt, nhap khdu trong nudc dudc quyen
tu xay dung chi tieu chét lugng, tu cong bo TCCS va tu
chiu trach nhiém vé chat lugng san pham cta minh, nhung
chua c6 quy dinh cu thé viéc bat budc phal dang i cong
khai TCCS rong rai trén cac trang mang Xa h0| chinh thong;

- Hién nay, hé thong tleu chudn dé quan Iy chat ludng
dm v6i cac loai san pham tdy ria gia dung san xuat nhap
khau va luu thong terdng mai trén thi truang clia nudc ta
la hé thong tiéu chuén quoc gia TCVN de khuyen khich tu
nguyen ap dung ma chua co quy chudn quoc gia hoac quy
dinh dé bat budc ap dung. Mat khac he thong tiéu chuan
quoc gia d6i véi cac san pham tdy ria hién nay da qua ci
va chua day du.
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IV. KET LUAN

- Qua viéc khao sat, phan tich, danh gia mot s6 mau
san pham ty riia san xudt, nhap khau va luu hanh trén thi
trudng Viét Nam cho thdy, cac mau san phdm tdy rda gia
dung trong pham vi khuon khé nghién ctu cta dé tai co
chét lugng chua dudc kiém sodt, mot s6 san pham khong
dép ting chi tiéu chét ludng theo tiéu chuén quéc gia, mot
s0 mau co6 chiia thanh phan khong dudc phép co mét
hoac dudc khuyén cao gay anh hudng tdi stc khde con
ngudi nhu cht lam sang huynh quang, triclosan, kim loai
nang,... Mat khac, hé théng tiéu chudn qudc gia TCUN
chua cép nhat va chua day du nén khong phi hgp dé lam
can ¢l quan ly chét lugng hang hoa, san phdm trong qua
trinh san xudt va luu hanh trén thi trudng.

- Thuc t€ trong nhiéu ndm qua nhém san pham nay
chua dudc cd quan quan ly nha nudc thuodng xuyén kiém
tra, giam sat, quan ly vé chét lugng san pham san xuat,
xuat nhap khau va trong qua trinh Iuu thong trén thi trudng,
dong thai con thiéu hé thong van ban phép quy mang tinh
lién nganh bat budc tuan theo dé co thé quan ly hiéu qua
nhom nganh san pham tdy riia gia dung.
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TONG HOP VA DANH GIA HOAT TiNH QUANG XUC TAC MoS,/SBA-15
CHO PHAN UNG PHAN HUY XANH METHYLEN

SUMMARY:

NGUYEN THANH BINH*, NGUYEN THI THEU
Trudng Dai hoc Khoa hoc Tu nhién, Dai hoc Qudc gia Ha Nai

SYNTHESIS OF MoS,/SBA-15 AND INVESTIGATION OF ITS
PHOTOCATALYTIC ACTIVITY FOR METHYLENE BLUE DEGRADATION

The x% (wt) MoS /SBA-15 catalyst series were synthesized by the sol-gel method. The obtained
materials are characterized by physicochemical methods such as: X-ray diffraction (XRD),
transmission electron microscopy (TEM), N2 adsorption-desorption Isotherm. Characterisation
results showed that successfully synthesized MoS ,, SBA-15, MoS /SBA-15 materials. The photoactivity
of %o(wt) MoS /SBA-15 catalysts was evaluated through the photodegradation of methylene blue
(MB). The results show that 5%MoS /SBA-15 catalyst exhibited the highest yield of MB, reaching
81.1%. Investigation of experimental conditions showed that the MoS /SBA-15 catalyst achieved the
highest yield, 82,9%, with a catalyst amount of 0.05g and at pH = 11.

Keywords: Sulfide molypbdenum, methylene blue, photocatalytic, SBA-15.

I. GIOI THIEU

Nganh dét may la mot trong nhiing nganh céng nghiép
phat trién hién nay va dong vai trd quan trong gép phan
dam bao nhu cau tiéu dung, can thiét cho hau hét cac
nganh nghé va sinh hoat. Hoa chat dét nhuém cling nhu
cac loai hoa chat cong nghiép cd ban khac, co vai tro trong
san xudt cac san pham cong nghiép. Véi quy mo I6n cua
nganh dét nhudém, lugng nudc thai dua ra ngoai moéi trudng
|a rdt 16n. Su 6 nhiém nay dé lai cac hau qua nghiém trong
t6i moi trudng s6ng va stic khoe con nguvi[1, 2]. DE xt 1y 6
nhiém phdm nhudm trong nudc, oxy h6a quang héa la mét
hudng xU ly ¢6 nhigu ly tha [3, 4]. Qud trinh phan hlly anh
sang st dung chat ban dan san c6, gid ré va co thé khoang
hoa cac hdp chét hiu co thanh CO,, nudc va khodng chét
acid. Xuc tac quang dudc quan tdm nghién ctu nhiéu trong
thoi gian gan day. Ti0, la chét xtc tac quang phd bién nhat
do gia thanh ré, 6n dinh vé mat hoa hoc, khong doc hai.
Tuy nhién, vdi nang lugng viing cadm kha rong, 3,26V, xuic
tac nay chi chi dudc kich hoat dudi anh sang cuc tim. Néu
anh sang mét tréi, ngudn nang ludng kinh t nhat, dudc st
dung lam ngudn sang kich hoat, thi chat xtc tac nay khong
hiéu qua vi cudng do tia UV trong quang phd mét trai thap,

chi ~ 5%. Do 1a ly do tai sao ¢6 rat nhiéu nghién ctiu tap
trung dé tim ra chét xdc tac quang mdi c6 thé dudc kich
hoat trong anh sang nhin thay.

Gan déay nhiéu nghién cliu tap trung trén nhom xuc tac
quang mdi thuéc nhom sulfua kim loai ¢ nang lugng vung
c4m thap, hoat dong trong ving anh sang nhin thay. Trong
d6 MoS, thu hut dugc su quan tdm cta nhiéu nhém nghién
ctiu[5, 6]. Céc két qua nghién ctiu cho thdy MoS, c6 hoat
tinh t6t trong kha nang xu ly bang xuc tac quang vdi cac
chat phdm nhudém[7-9]. Tuy nhién, mét trong nhiing yéu
diém la dién tich bé mat khong 16n, day vén 1a mot diac
tinh quan trong doi vdi vat liéu xuc tac di thé. Dé giai
quyét van dé nay, MoS, can dudc dua Ién chat mang c6
dién tich bé& mat riéng 16n. Vat liéu mao quan trung binh
SBA-15 dudc Iua chon nhu mot chat mang tiém nang do
co dién tich bé mat riéng I6n, c6 thé I1én t6i 1.000m2/g
va qui trinh tdng hap kha don gian[10, 11]. Trén hudng
di nay, ching t6i da tién hanh tong hdp vat liéu MoS,/
SBA-15 va danh gia hoat tinh cta ching trong kha néng
phan hdy Methylen xanh.
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II. THU'C NGHIEM

1. Piéu ché vat liéu xic tac

1.1. Véat liéu SBA-15

Vat liu SBA-15 dudc diéu ché nhu sau: Hoa tan 2,12g
P123 (EO,,PO,,EQ,,) trong 56ml dung dich HCI 2M va
16ml H,0 6 nhiét do phong, khudy manh trong 1 - 2h. Sau
do viia khudy viia thém 4,96ml TEOS vao hon hgp trén,
tiép tuc khudy trong 24h @ nhiét do phong. Sau dé gia hoa
san pham trong autoclave 6 100°C trong 48h. Gel thu dudc
loc rtia sach Cl-bang nudc cat, sdy kho va nung tai 16 nung
¢ 550°C véi miic |én nhiét dg tii 1-2°C/phat trong vong 5h.

1.2. Diéu ché vat ligu MoS,

Diéu ché vat lieu MoS, nhu sau: Hoa tan 0.8208g
thiourea - (NH,),CS vdi H,0, sau do thém 0.445g
Ammonium molydate tetrahydrate -(NH,).;Mo,0,,.4H,0,
tiép tuc khudy trong 4h. Sau do, gia hoa dung dich Vo
autoclave tai 180°C, 200°C, 220°C trong vong 18h. Sau do
dudc loc, riia bang nudc cat va ethanol, sdy kho trong tu
sdy ¢ 80°C trong 24h.

1.3. Diéu ché vat lieu x% MoS, / SBA-15

Diéu ché vét liéu x% MosS, /SBA- 15(x 1,3,5,7,10) nhu
sau: Hoa tan 0,75g SBA- 15 trong thé tich dung dich tién
chét MoS, (gém thiourea -(NH,),CS,Ammonium molydate
tetrahydrate -(NH, ) Mo.0,,.4H O va H,0) véi céc ti Ié phan
trdm khoi Iugng cla MoS 1% 3%, 5% 7% va 10%, sau
do khudy cham trong 4h. Sau do gia hoa san pham trong
autoclave 6 22°C trong vong 18h. Sau do dudc loc, riia bang
nudc cét va ethanol, sdy kho trong ti sdy 6 80°C trong 24h.

2. Khéo sat kha nang phin hiy cua
Methylene blue

Khao sét anh huéng cla khdi lugng vat liéu x%MoS,/
SBA-15 t6i qua trinh quang xuc tac phan huy Methylene
blue. Quy trinh nhu sau: pha dung dich MB 10 ppm; cho
0.05g vat liéu vao 100ml dung dich MB 10ppm; bat nudc
diéu nhiét, bat may khudy va tién hanh khao sét hap phu
trong 1h, sau d6 bat chiéu sang hé vai den LED 200W; sau
moi 30 phut thi 1ay 5ml dung dich trong cdc thiy tinh ra
nham dinh ndng do bang phudng phap UV-Vis.

I1I. KET QUA VA THAO LUAN

1. Két qua dac trung cuaa vat li€u

1.1. Vat ligu Mo§,

Cau tric vat liéu cua MoS,dudc xac dinh va danh gia
mot cach chi tiét tai 3 mc nhlet do 180°C, 200°C va
220°C bang phuong phap nhiéu xa tia X. Gian dé pho XRD
dudc trinh bay 6 Hinh 1 dudi day:
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Hinh 1. Gian dé nhiéu xa tia X cac mau sau thiy nhiét
G 180°C, 200°Cva 220°C trong18h

Tu Hinh 1 ta thdy Tai mdc nhiét 200°C c6 xudt hién
peak dac trung tai ~10.3° ¢ d6 rong 16n cho thay tinh
thé MoS, nhd. Déi véi muic nhiét 180°C, gian do xudt hién
2 peak dac trung rat nho tai goc ~30° va ~60°, diéu nay
c0 thé tai mdc nhiét do nay cac cdu truc MoS, chua thé
hinh thanh hodc hinh thanh tinh thé rat nho. Ta| 220°C,
phé nhiéu xa thu dudc cho thdy san phdm xudt hién tai
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cac peak dac trung ro nét hon vdi cac goc 20 la ~14.59;
~33.5% ~58[12]. Nhu vay, miic nhiét 220°C dudc lya
chon dé tong hdp cac mau x%MoS,/SBA-15 cho phén
thuc nghiém sau.

1.2. Vat liéu SBA-15

Dai vai vat lidu mao quan trung binh trat tu, nhiéu xa tia
X goc hep c6 thé cho céac thong tin vé cdu truc trat tu xa
clia vat liéu. K&t qua voi mau SBA-15 thu dudc dudc thé
hién qua Hinh 2:

SBA-15

i

2Theta - Sﬁie
§BFi: TheuHD SBATG raw - Type: 2THTh ocked - Sart: 000 *- Enc: 10.000° - Step: .10 - Siepbme: 1. 5-Temp: 26°C (Rooe) - i Started: 75~ 2 Theta: 0500 " - Thla: 0250 - Ch 000 * - Pri 0.00° - X.00m

Hinh 2. Gian dé XRD ciia mau SBA-15 6 gdc hep

Két qua trén Hinh 2 cho thdy, cac peak dac trung déc
trung xuat hién vdi cac goc 26 la ~0.95°, ~1.6°, ~1.75°
tuang ting véi cac mat phan xa 100, 110, 120 clia cau tric
mao quan luc 1ang, dac trung cho vat ligu SBA-15[13].
Nhu vay, viéc xudt hién cac peak dac trung co do ro nét @
vung goc hep (26 < 109 da khdng dinh vat liéu thu dudc
la vat liéu mao quan trung binh va ¢6 cu tric déu dan.

(25



Dién tich bé mat va kich thudc mao quan la hai thong
sO ¢0 tinh quan trong vdi vai trd nhu mét chat mang cua
vat liu SBA-15. Hinh 3 dudi day gidi thiéu két qua dudng
cong hép phu - gidi hdp N, va dudng cong phéan b6 cua
mau vat liéu SBA-15.
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Hinh 3. Budng hap phu - giai hap N,
(@) va phan b kich thuGc mao quan cta vat lieu SBA-15(b)

Két qua thé hién qua Hinh 3a cho thdy dudng cong hap
phu - gidi hép N, c6 dang dudng dang nhiét dang IV theo
IUPAC, dac trUng cho vat liéu mao quan trung binh. Dudng
cong phan bd kich thudc mao quan thé hién qua Hinh 3b
cho thay kich thudc mao quan trung binh khoang 2.5nm.
Dién tich bé mat thu dudc rét I6n, 760m/g.

Hinh 4 gidi thiéu anh chup TEM méau SBA-15 thu dudc.
K&t qua chup theo lat c4t doc va ngang cho thy ro nét vat
liéu thu dudc ¢o6 cdu tric mao quan hinh luc lang déu dan.

Hinh 4. Két qua chup TEM ctia mau SBA-15
1.3. Vat ligu x%MoS /SBA-15 (x = 1,3, 5,7, 10)
Hinh 5 gidi thiéu két qua do XRD cla cac mau vat liéu
x%MoS,/SBA-15 (x=1,3,5,7,10).
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Hinh 5. Gian d6 nhiéu xa tia X cia mau x% MoS,/SBA-15
(x=1,3,5,7,10) va vat liéu MoS,

Két qua Hinh 5 cho thdy cic mau x%MoS,/SBA-15
(x=1,3,5,7,10) déu xuét hién peak dac trUng tai goc
~10. 40 cho thay c6 sy xudt hién cua tinh thé MoS,, tai
goc 33.4° bat dau xudt hién thém peak déc trung tal cac
mau 5%, 7%, 10%, cho thay su hinh thanh tinh thé MoS,
tang dan theo ham Iu0ng ctia MoS,. Tuy nhién, céc peak
nay chua rd rang co thé cac hat vi tlnh thé MoS, da hinh
thanh va mot phan bi phan tan trén mot bé mat kha rong.

2. Khiao sat kha nang quang phan huay
cia xic tac x%MoS /SBA-15 (x=1,3,5,7,10)

2.1. Anh huéng cia ham higng Mo$S,

Hoat tinh quang xuc tac cla céac vat liéu MoSQ/SBA-15
dudc danh gia qua kha quang nang phan hay MB. Dé so
sanh Hinh 6 gidi thiéu hiéu sudt phan hiy MB cla Mos,.
Hiéu suat cao nhat dat MB dat 73%.
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Hinh 6. Hiéu suat phan hiy MB theo thdi gian cia vat liéu MoS,

Vi cac xuc tac x%MoS,/SBA-15 (x = 1, 3, 5, 7, 10),
két qua dudc gidi thiéu qua Hinh 7.
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Hinh 7. Hiéu suat phan hiy MB theo thdi gian
clia cac mau x% MoS,/SBA-15 (x=1,3,5,7,10)
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Hinh 8. Phd UV-VIS ctia dung dich MB theo thoi gian
trong su ¢ mat xic tac 5% MoS,/SBA-15
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Két qua cho thdy, cac mau X%MoS,/SBA-15 (x=1, 3, 5,
7, 10) déu thé hién hoat tinh quang xuc tac sau 2h chiéu
sang. Khi tang lugng MoS, trong vat liéu xuc tac co thé
nang cao kha nang hap thu anh sang nén hiéu suat tang
lén dang ké. Cu thé véi Iugng MoS, 1% -3% - 5% ¢0 do
chuyén hoa tang tuong ling 1a 57, 0% 61,7% va 81,1%.
Tuy nhién, néu tiép tuc tang ti 18 MosS, Ién thi do chuyén
hoa giam dan, tai 7% va 10% tudng Ung vGi 74,1% va
69,6%. Diéu nay co thé do ham Iuang MoS, qua nhleu dan
dén hién tuang két tu trén bé mat cla SBA 15 lam giam
dd phén tan cla cac tdm hoat tinh, giam kha nang hap thu
anh séang trong vung kha kién, do do lam giam hiéu qua
quang xic tac cla vat ligu.

2.2. Anh hudng cta khdi lugng xiic tac

Hoat tinh xdc tac chiu anh hudng cla nhiéu yéu to,
trong do khoi lugng xuc tac la yéu to quan trong. Két qua
khao sét cac khdi lugng khac nhau cua vét liéu 5%MoS,/
SBA-15 dugc gidi thiéu qua Hinh 9 dudi day.
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Hinh 9. Hiéu suat phan hiy MB theo thdi gian ciia mau 5%
MoS,/SBA-15 vdi cac ham ligng xuc tac khac nhau

Theo ke't qua thuc nghlem dudc biéu dién qua hai do
thi trén, mau 0.05g cla 5% MoS,/SBA-15 cho hiéu sudt
cao chat (81.06%) so vdi cac mau con lai (66.67% ddi véi
0.025g va 48.83% di vai 0.075g). Diéu nay co thé dudc
giai thich nhu sau: ham lugng xuc tac tang thi kha ndng
phan hly cta vat liéu tang, do luwjng tdm hoat tinh tang.
Tuy nhién néu ludng xuc tac qua nhiéu vudt qua luong toi
Uu dan dén su co cum cac hat vat liéu can trd, giam tam
hoat tinh va/hodc céc hat xtc tac can trd anh sang, tii do
sé lam giam hiéu sudt phan ting.

2.3. Anh huéng ctia pH

Mot trong nhiing yéu t0 quan trong anh hudng tdi
higu sudt qua trinh phan hiy trong mai trudng nudc bang
phudng phap quang xuc tac la pH. Thuc t€, pH cua dung
dich nudc thai tif cac ngudn khac nhau la khong giong
nhau. Vi vay, dé khao sat do bén cing nhu anh hudng cua
pH dén hoat tinh quang xuc tac, thi nghiém dudc tién hanh
véi mau 5% MoS,/SBA-15 trong cac diéu kién phan ng
khac nhau.
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Hinh 10. Hiéu suat quang phan hiy MB theo thdi gian
véi diéu kién pH khac nhau

Theo két qua thuc nghiém dugc biéu dién qua hai do
thi trén, pH=11 clia mau 5% MoS/SBA-15 c0 hiéu suét
phan hily cao nhét (82 9%) Hiéu sudt phan hiy cla céc
mau pH= 3, 5, 7 va 9 lan lugt 1a 10.2%, 60.8%, 78,0%
va 78.4%.

Viéc giai thich tac dong cta pH dén qua trinh phan hiy
quang xuc tac la do nhiing yéu t6 dac thu nhu tuong tac
tinh dién gitia bé mat chét xac tac, phan t dung moi, chat
mau va cac goc mang dién tich hinh thanh trong suét qué
trinh phan ting xéy ra. MB 1a thuc nhudm cation trong méi
trudng nudc vai gid tri pka = 3,8. Khi pH > 3,8 thi bé mét
phan ti MB tich dién ducng[14].

o} pH = 3, bé mat vat liéu mang dién tich dudng do qua
trinh proton hoa trong khi phan ti MB lai khéng mang dién
nén tudng téc chu yéu gida bé mdt xdc tac va chat mau
ch yéu la tuang tac yéu Van der Waals, dan dén kha nang
hap phu MB 18n bé mat xuc tac 1a rat kém, kéo theo phan
(ing phan hiy quang hoa xay ra véi higu sudt rat thdp. Hon
nifa, véi sy tich dién duang ca bé mét cd thé han ché su
cung cép ion hydroxyl can cho vigc tao thanh gdc ty do
¢ vai tro quan trong trong qua trinh phan hiy chat mau.

0 pH >3, hiéu suét phan hlly quang héa ting do tuong
tac tinh dién gidfa bé mat vat liéu tich dién am (tii qua trinh
tach proton) va cation pham nhudm tich dién dudng chiém
uu thé kéo theo su tang manh dg hap phu va lam cho phan
(ing quang hoa xay ra manh hon.Viéc tang hiéu suat phan
ting phan hdy khi pH cang cao con do sy tang s0 ludng
ion hydroxyl 6 bé mat cla vat liéu xtc tac dan dén su hinh
thanh nhiéu goc hydroxyl theo phuong trinh sau:

IV. KET LUAN

T két qua nghién ctu trén, bai bao cao nay dua ra
nhiing két luan sau:

Cdc phuong phap danh gia dac trUng cau tric va hinh
thai nhu XRD, TEM, BET Hap phu va giai hdp N, cho thay
da téng hop thanh cong vat liéu MoS,, vat liéu mao quan
trung binh SBA-15 va xuc tac x%MoS/SBA-15 x=1,3,

5,7, 10).



Danh gia hoat tinh cla cac xuc tac x%MoS,/SBA-15
(x=1, 3, 5, 7, 10) trong phan (ing phan hiy MB, két qua
cho thdy méau 5%MoS,/SBA-15 dat hiéu sudt phan huy tt
nhat 1a 81.1%.

Két qua khao sat cac diéu kién toi uu cho thdy trén vat
liéu 5%MoS,/SBA-15 cho thdy, hiéu suét phan hiy cao
nhét dat 82.9% vdi khoi lugng xuc tac 0.05g, tai pH =11.
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FLAVONOID GLYCOSIDE AND ALKALOID FROM AGERATUM GCONYZOIDES L.

LE QUOC THANG, TRAN DONG TIEN, DANG THI THANH NHAN

Department of Chemistry, Hue University of Education, Hue University

SUMMARY:

From Ageratum conyzoides L. growing in Thua Thien Hue province, two compounds, including an
alkaloid: uracil (1), and a flavonoid glycoside: 6 ’-O-trans-p-coumaroylastragalin (2) were isolated.
The structures of these compounds were characterized on the basis of IR, MS, NMR spectroscopic
techniques. This is the first time uracil (1) was isolated from Ageratum genus and 6 -O-trans-p-
coumaroylastragalin (2) was firstly isolated from this specices. The isolaed compounda were tested
for their inhibitory effects on lipopolysaccharide (LPS)-induced nitric oxide (NO) production in
RAW264.7 macrophages. Results showed that compound 2 exhibited a inhibitory effect on the NO

production with IC50 value 93.69 + 6.82 ug/ml.

Keywords: Ageratum conyzoides L., 6 "-O-trans-p-coumaroylastragalin, uracil, nitric oxide inhibition.

I. INTRODUCTION

Ageratum conyzoides L. (Asteraceae) is a herb
is distributed in tropical and subtropical regions. A.
conyzoides has imparted numerous ethnomedicinal
uses because it has been used to cure various ailments
that include leprosy, skin disorders, sleeping sickness,
rheumatism, headaches, dyspnea, toothache, pneumonia
and many more[1, 2]. A wide range of chemical compounds
including alkaloids, flavonoids, chromenes, benzofurans

and terpenoids have been isolated from almost every part
of this plant[3-5].

This research describes the isolation and structural
elucidation of uracil (1) and 6”-0-trans-p-coumaroylastragalin
(tiliroside, 2) were isolated from methanol extract of A.
conyzoides. The structures of these compounds were
determined by IR, MS, NMR techniques and comparisons of
their spectra with reported data.

II. EXPERIMENTAL

1. General

ESI-MS: LC-MSD-Trap-SL Agilent. NMR: Bruker Avance
500, 499.84MHz ('H-) and 125MHz (**C-, '3C-DEPT). TMS
(6 = 0.0, 'H) and CDCl, (5= 77.3, ™*C) were references.
Column chromatography: silica gel 60, 0.06-0.2mm
(Merck) for the first column and silica gel 60, 40-63um
(Merck), for the following columns. TLC: silica gel 60 F,,
(Merck); the spots on the plates were observed under UV
light and by spraying with solution of vanillin/sulfuric acid
and heating for 5 minutes.

2. Plant material

The whole of plant material was collected in Thua Thien
Hue province, in December, 2021. The species, Ageratum
conyzoides L. was identified by Hoang Xuan Thao, Hue
University of Education. A voucher specimen (AC12/2021)
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was deposited at the Laboratory of Natural Products,
Department of Chemistry, Hue University of Education.

3. Extraction and isolation

The dried power of A. conyzoides L. (1.1kg) was
extracted with n-hexane followed by chloroform ethyl acetat
and methanol to afford 6.4; 9.4; 10.7 and 10.4 gram extracts,
respectively. The methanol extract was chromatographed
over silica gel with gradient chloroform/methanol (10:0 —
0:10, v/v) to give 12 fractions (ACM1 - ACM7).

Uracil (1): The compound 1 (10 mg) was isolated from
ACM2 fraction (200 mg) and further purified by CC on
silica gel (chloroform/methanol 95/5, v/v). IR (KBr) n_,
cm: 3346 (N-H), 1637 (conj. C=0). "*C-NMR (125MHz,
CD,0D) and 'H-NMR (500MHz, CD,0D) spectroscopic

data, see Table 1.



6”-0- trans-p-coumaroylastragalin (2): The compound
2 (20mg) was isolated from ACM4 fraction (950mg) and
further purified CC on silica gel (chloroform/methanol 90/10,
V). IR (KBr) n_, cm™: 3444,87 (OH), 1653 (0-C=0),
1504 (C=C). “C-NMR (125 MHz, CD,0D) and 'H- NMR
(500MHz, CD,0D) spectroscopic data, see Table 2.

4. Assay for NO inhibitory effect using

RAW264.7 cells

RAW 274.7 cells were seeded in a 96 well-plate at a
density of a 5.10* cells/well and incubated in 5% CO, incubator
at 37°C for 24 h. The medium was then aspirated from each
well and replaced with fresh FBS-free DMEM medium for
3h. After pretreatment with various concentrations of the
essential oil for 2h, the cells were stimulated with LPS
(1g/ml) for a further 24h. the accumulation of nitrite (NO,’) in
the culture medium, was measured as an indicator of NO

production using a colorimetric assay based on the Griess
Reagent System (Promega Coporation, USA). Briefly,
100pl of cell culture medium was mixed with an equal
volume of Griess Reagent: 50l of 1% (w/v) sulfanilamide
in 5% (v/v) phosphoric acid and 50ul of 0.1% (w/v)
N-1-naphthylethylenediamine dihydrochloride in water
and, incubated for 10 min at room temperature. Nitrite
concentration was determined by measuring the absorbance
at 540 nm using a microplate reader. Fresh culture medium
was used as a blank for all experiments. L-NMMA was used
as a positive control. The amount of nitrite in the samples
was obtained from the NaNO, serial dilution concentration
standard curve and nitrite production was measured. The
NO inhibition capacity of the sample was calculated by the
following formula:

The value of half maximal inhibitory concentration (IC,;)
was determined by using the Table Curve 2Dv4 software
(Systat Software Inc., USA)[6].

ITII. RESULTS AND DISCUSSION

Compound 1 (12mg) was obtained as white amorphous
powder. R, = 0.5 (chloroform/methanol 10/1, V/v).
Its molecular formula (C,H,N,0,) was deduced from a
combine of the positive ESI-MS at m/z113 [M + H]* and
H-, ®C-NMR spectra.

The IR spectrum of 1 showed the characteristic
absorption frequencies at 3346 and 1.637cm" typical of
-N-H and conjugated C=0 bond vibration, respectively.

'H-NMR spectrum of 1 only showed two signals of
olefinic protons at 3, 5.62ppm and 7.40ppm with coupling
constants 7.5 and 8.0Hz, respectively. These coupling

constants imply that olefinic protons has cis configuration
in this compound. "C-NMR and HSQC of 1 indicated
that the signals of olefinic carbon at 5, 101.7; 143.5ppm
and two signals characteristic of carbons in the aromatic
compound at d;, 153.5; 167.3ppm.

Onthe basis of analysis spectra, compound 1 was identified
as heterocyclic with ammine and hydroxyl functional groups.
Combination spectral data and comparison with reported
data[7] (Table 1) confirmed the structure of 1 as pyrimidin-
2,4(1H,3H)-dion (uracil) (Fig. 1). Uracil was isolated from the
Ageratum genus for the first time.

Table 1: 'H-, *C-NMR of 1 (CD,0D) and uracil (D,0), 125/500MHz

C 5 (ppm) 3; (ppm) 5, (ppm) 3, (ppm)
1 Uracil [7] 1 Uracil [7]
2 1635 153.9 - -
4 167.3 168.2 - -
5 101.7 101.9 5.62 (d, 75Hz) 5.87 (d, 7.7Hz)
6 143.5 1442 740 (d, 75Hz) 760 (d, 78Hz)
0
H
L
T 0
H

1: pyrimidin-2,4(1H,3H)-dion

2. tiliroside
Fig.1. Structures of compounds 1 and 2 isolated from Ageratum conyzoides
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Compound 2 (20mg) was obtained as yellow
amophous powder; R, = 0.45 (chloroform/metanol 9/1,
v/v). Its molecular formula (C,H,,0,,) was deduced from
a combine of NMR spectra and the positive HR-ESI-
MS at m/z 617,12971 [M+Na]* (calcd. C,H,0,,Na,
617,12711).

"H- and "*C-NMR displaed 2 is a derivatve of kaempferol.
The typical signals of the kaempferol nucleus precense at
3,6.13ppm (1H, d, 1.7 Hz, H-6) and 6.30ppm (1H, d, J =
1.7Hz, H-8); a pair two doublets of 4 protons at 5,8.00 va
6.82ppm (each 2H, d) with ortho coupling constant (J =
8.7Hz) and two signals at 5,116.0; 132.2ppm (each 2C)
showed that ring B has only one substitued group at C-4".

The signals of 4 of methine protons at 5,335 - 3.50ppm
(8, 71.7;75.7; 75.8; 78.0ppm) and anomeric methine (3,
9.26ppm; 5, 104.0ppm), methylen group at 5,4.22ppm (dd,
6.7, 11.8Hz), 5,4.33 ppm (dd; 1.6; 11.8Hz); &, 64.3ppm)
suggested that 2 contains glucopyranosyl moiety.

Additionally, NMR spectra of 2 indicated the presence
of p-coumaric acid, this conclusion confirmed by doublet
of 2 olefinic protons at 5, 7.40; 6.08ppm (each 1H, d) with
coupling constant of two frans protons (16Hz) and doublet
of 4 aromatic protons at 7.30; 6.79ppm with coupling
constant of two ortho protons (each 2H, d, 8.5Hz and &,
116.8; 131.2ppm; each 2C). The glucopyranosyl moiety
linked to C-3 of aglycon was determined by interaction
on of H-1"/C-3 in HMBC spectrum; H-6"/C-9’"" interaction
on HMBC showed that ester linkage was formed between
carboxyl of p-coumaric acid and hydroxyl at C-6 of
glucopyranosyl moiety.

Combination spectral data and comparison with
reported data[8] (Table 2), compound 2 was determined
as 6”-0-trans-p-coumaroylastragalin (tiliroside) (Fig.
1b). This is the first time, tiliroside (2) was isolated from
Ageratum conyzoides L.

Table 2: 'H-, *C-NMR of 2 and tiliroside, (125/500MHz, CD,0D)

c 3, (ppm) 5, (ppm) 3, (ppm) 3, (ppm)
2 Tiliroside[8] 2 Tiliroside[8]
2 159.2 159.2
3 135.2 135.2
4 179.4 179.2
5 162.9 162.7 i ;
6 100.0 99.9 6.13 (d, 1.7H2) 6.05 (d, 2.0H2)
7 165.9 165.7
8 94.8 94.9 6.30 (d, 1.7Hz) 6.19 (d, 2.0Hz)
9 158.3 158.2
10 105.6 105.0
7 122.7 1226
2.6 132.2 132.2 8.00 (d, 8.7Hz) 791 (d, 8.6Hz)
3,5 116.8 116.7 6.82 (d, 8.7Hz) 6.76 (d, 8.6Hz)
4 161.5 161.4
1 104.0 104.1 5.26 (d, 7.0Hz) 519 (d, 7.6Hz)
o 75.7 75.7
2,, ;?g ;?(7) 3.35 - 3.50(m) 3.45 - 3.50(m)
5" 75.8 75.7
. 4.33 (dd, 11.8; 1.6Hz 4.29 (dd, 11.9; 1.9Hz
6 64.3 64.4 422 Edd, 11.8: 6.7Hz; 415 Edd, 11.9; 6.8Hzg
1 127.0 127.0
7 5" 131.2 131.1 7.30 (d, 8.5Hz) 721 (d, 8.5Hz)
375" 116.0 116.0 6.79 (d, 8.5Hz) 6.71 (d, 8.5Hz)
4" 161.2 161.0
7 146.5 1465 7.40 (d, 16.0Hz) 7.34 (d, 15.9Hz)
g 114.7 114.7 6.08 (d, 16.0Hz) 6.02 (d, 15.9Hz)
9" 168.8 168.8 i -

The anti-inflammatory activity of tiliroside (2) as
measured by inhibition of NO production in LPS-RAW
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264.7 cells. The result showed that tiliroside (2) has anti-

inflammatory activity with IC,, values: 93.69 + 6.82.9/ml.
(Contineu reading page 41)



REMOVAL OF ARSENATE FROM INDUSTRY WASTE WATER
USING FePO, AND Fe,0, PARTIGLES

NGUYEN XUAN SANG

Environmental Institute, VietNam Maritime University, Hai Phong, Viet Nam

SUMMARY:

Arsenic is a toxic and carcinogenic metalloid therefore, essential to decontaminate waste water
from arsenic species. The work focuses on the comparative adsorption studies of arsenate onto
FePO,, virgin activated carbon (VAC) and Fe,0, as a function of contact time, pH and As initial
concentration. The results show that the uptake of arsenate onto VAC was almost negligible and its
affinity towards the different substrates under similar experimental conditions followed the order:
FePO,>Fe,0,>VAC which is parallel to the trend of their PZC values. The samples of FePO,
and Fe,0, were applied to treat industry waste water in Hai Phong, Viet Nam, where the arsenic
concentration was 5-100mgl. The 95% and 90% removal of arsenic from the real water samples by
FePO, and Fe,O, respectively, further confirmed the practical use of .

Keywords: FePO » F 6203, arsenic adsorption.

I. INTRODUCTION

Arsenic commonly exists in oxidation states of (-3), (0),
(+3) and (+5). Generally, arsenic exists in As [V] and As
[Ill] states, which are known to be arsenate and arsenite,
respectively. The trivalent arsenic is considered 60 times
more toxic than pentavalent arsenic[1]. Arsenic with 0
oxidation state is considered to be the most toxic form
followed by the arsenite and arsenate. The natural sources
of arsenic include weathering reactions, biological activities
and volcanic emissions where as the anthropogenic
activities responsible for the contamination of arsenic are
smelting, petroleum refineries, fertilizers, insecticides, glass
and ceramic manufacturing industries[2]. The maximum
contamination level for arsenic in potable water has been
revised from 50 to 10ugl-'[3]. The arsenic concentration
in water above this level causes cancer of lung, skin,
kidney and bladder. Excessive use of arsenic destroys
the function of cardiovascular and nervous systems,
which may finally lead to death[4]. The health hazards
associated with long term intake of arsenic contaminated
water include peripheral anneuropathy, peripheral vascular
diseases, dermal liaisons, anhydremia, hematopoietic
depression, portal cirrhosis and ascites, loss of weight,
anorexia and sensory disturbance and peripheral neuritis.
In addition, acute poisoning may cause diarrhea, vomiting,
abdominal and esophageal pain. Though arsenic is highly
carcinogenic in nature, but the mechanism of arsenic
carcinogenesis is still a point of conjuncture[5].

Different technologies have been tested for the
detoxification of arsenic from water systems. lon-exchange,
reverse 0sSmosis, chemical precipitation, solvent extraction,
nanofilteration and adsorption are the methods which are
commonly used for the wastewater treatment. However,
each technique has some merits and demerits[6]. Most of
them are technologically not sound, energy dependent and
economically not feasible[7].

Several researchers have used different sorbents for the
removal of arsenate from the aqueous phase, which include,
mycorrhizal fungal, iron-treated commercial activated carbon
and zeolite, iron-imended bio sand filters, iron-sulfide coated
sand, ferrihydrite-coated sand binary mixed oxide of iron and
silicon and mixed valent iron oxides[8].

Recently, iron based sorbents (IBS) have exhibited a
greater affinity for arsenate and arsenite ions. Like other
iron bearing compounds, iron (lll) phosphate is highly
insoluble solid material existing in amorphous, crystalline
and intermediate state of crystallinity and may be
considered as an important sink for trace metal ions in the
environment. The adsorption behavior of FePO, towards
the removal of divalent metal cations has been studied[9].
However, the studies regarding the adsorption of arsenic
by FePO, and iron-impregnated peanut shell activated
carbon have been ignored in the literature.

Hence, in the present investigation, an attempt was
made to test FePO,, virgin peanut shell activated carbon
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(VAC) and Fe,0, for the arsenate adsorption from the
aqueous solution. During the course of this investigation,
the adsorption of arsenate anions onto FePQ,, Fe,0,

and activated carbon was studied and the results were
compared under different experimental conditions of
concentration, contact time, temperature, pH.

II. EXPERIMENTAL

1. Glassware and solutions

2. Preparation of FePO,
The method of preparation of FePO, has been given in
our earlier publication [Hamayun et al., 2014].

3. Adsorption studies

The adsorption experiments were performed by adding
0.1g of each FePO, , Fe,0, and AC separately into 40mL
arsenate solution contained in polythene bottles. The
initial concentration of arsenate solution used for the
adsorption studies was in the range of 5mgL-" to 10mgL"".
Optimization of pH was carried out by observing the effect

of pH on arsenate adsorption onto FePO,, Fe,0, and AC in
the pH range of 2-8 at 298K.

The amount of arsenate adsorbed (g, in molg' onto
the solid surfaces of the sorbents was calculated from
the equilibrium arsenate concentrations (C,) in mol L at
different time intervals (t) by the following mathematical
equation.

v
q, = (Co - Ce)_
m

where G is the initial arsenate concentrations (molL"),

m is the mass of the adsorbent (g) and V represents the
volume of the arsenic solution (L).

ITII. RESULTS AND DISCUSSION

T *‘ FePO, ” ‘

T T T T T T T
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2 Theta

Fig. 1. XRD patterns of FeP0, and Fe,0,

o‘m
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Fig.2. FIR spectra of FePO, and Fe,0,

2

Fig. 3. The PZC of FePO,, VAC and Fe,0
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1. X-ray diffraction (XRD) analyses

The XRD pattern of FePO, and Fe,0, is shown in
Fig.1. All peaks were consistent with the standard card of
o-Fe,0, [JCPDS: 33-0664] and haxagonal structure FePO,
(JCPDS: 84-876).

2. Fourier transform infrared (FTIR)

spectroscopy

The FTIR bands of FePQ,, and Fe,0, in the frequency
region 400-4000cm ' are presented in Fig. 2. The IR
spectrum of FePO, is simple than those of Fe,0,. The main
peaks in the FTIR spectra of FePO,include the phosphate
bands in the range 1200-1410cm™ and 2000-2500cm.  This
band is attributed to the stretching and tortional vibration
of Fe-0 bonds in the sample of Fe,0,[10].

3. Point of zero charge (PZC)
The PZC of FePO,, VAC and Fe,0, are found to be 6.2,
4.5 and 6.6 respectively (Fig. 3). The PZC of activated



carbon is lesser than its counterparts showing its acidic
nature while the converse is true for Fe,0,. Moreover, the
present values of the PZC for all the samples are agree
with the literature data[11].

4. Comparative adsorption studies

4.1 Comparative kinetic study of arsenate adsorption

The kinetic study of arsenate adsorption onto FePO,
and Fe,0, was examined in detail at different pH and
temperatures of the solution. The comparison of the results
indicates that equilibrium in FePO, and Fe,0, reached in 8
and 12 hours respectively. This equilibrium time for the
adsorption of arsenate onto both the sorbents indicates
that FePO, is relatively efficient arsenic scavenger as
compared to Fe,0,.

4.2. Effect of pH, initial concentration

Adsorption experiments of arsenate by VAC, Fe,0,
and FePO, were conducted (Fig. 4). The uptake of
arsenate follows the trend;, FePO, > Fe,0,> VAC.
The results suggested that virgin activated carbon
(VAC) has negligible affinity for arsenate removal from
solution[12]. Due to arsenic having the same valency and
similar atomic radius to phosphorus, arsenate shares
similar geometry and reactivity with phosphate. It also can
be seen that adsorption of arsenate onto FePO, and Fe,0,
in the acidic pH range is more favorable as compared to
alkaline pH region. The greater adsorption in the acidic pH
region is attributed to the electrostatic forces of attraction
between the anions leading to decrease in arsenate
adsorption[13]. The effect of pH on arsenate adsorption
by FePO,is more dominant than Fe,0,.

However, arsenate adsorption onto both FePO, and Fe,0,
was found to be dependent upon the initial concentration.
The increase in sorption capabilities of FePO, and Fe,0,
with increase in arsenate concentration is an outcome of
the increase in driving force because of the concentration
gradient builds up between the surface sites of substrates
and arsenate anions in the solution[14].

5. Mechanism of adsorption

Both FePO, and Fe,0, are the iron-bearing compounds
and a close association between arsenic and iron is
responsible for a strong bond between iron oxide and

arsenate anions. Hence, it can be concluded that the
adsorption of arsenate onto both FePO, and Fe,0, depends
on the iron content of the surface which give rise to the
formation of a stable bond between arsenate and the
surface sites of FePO, and Fe,0,. Consequently, it can be
suggested that both the substrates follow same pathway for
the adsorption of arsenate anions from aqueous solution.
The uptake of arsenate onto the surfaces of FePO, and
Fe,0, can be assigned to the ligand exchange mechanism.
The probable mechanism for the arsenate adsorption onto
the surfaces of both FePO, and Fe,0, may be written as
follows[1,9];
ROH , + H,AsO,,,, <> RH, 450, , + OH"

4(aq)

2ROH , + HAsO;" ,,, «—> R,HAsO, + 20H"~

(aq)

Where R represents the solid surfaces of FePO, and
Fe,0,. This mechanism is strongly supported by the
increase in equilibrium pH of the system (FePO, and Fe,0,)
during the entire process of adsorption which suggests
that hydroxyl ions are released for the adsorption of
arsenate anions.

IV. CONCLUSIONS

The investigations demonstrated that FePO, and
Fe,0, are potential substrates for the treatment of
arsenate containing aqueous solution. FePQ, exhibits a
greater affinity for arsenate adsorption and the arsenate
adsorption on the aforementioned substrates followed the
trend: FePO, >Fe,0,> VAC. Anion exchange adsorption
of arsenate by VAC was negligibly small though it has a
high surface area as compared to FePO,, which may be
due to the fact that Fe was iron bearing compound and
therefore, exhibited greater affinity for the arsenate anions
than the VAC.

The PZC values of the desired materials followed the
sequence: FePO, >Fe,0, >VAC. Spectroscopic studies
confirmed that anion exchange process was responsible
for the uptake of arsenate onto FePO, The present
investigations pay a good contribution to the real water
samples of aqueous environment. +¢
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TONG QUAN CAC PHUONG PHAP TONG HOP PAZOPANIB HYDROCHLORID

BOI THI THANH CHAM'2, NGUYEN THI HONG HANH?, NGUYEN THI NGOG,
NGUYEN BINH LUYEN', NGUYEN VAN GIANG', BAD NGUYET SUGNG HUYEN', NGUYEN VAN HAI™

SUMMARY:

1. Truding Dai hoc Duoc Ha Noi
2. Trudng Bai hoc Y Dugc Théi Nguyén

A REVIEW ON SYNTHESIS METHODS OF PAZOPANIB HYDROCHLORIDE

Pazopanib hydrochloride (PZ) is a drug substance with significant applications in the treatment
of advanced renal cell carcinoma (RCC) and advanced soft tissue sarcoma (STS). The drug was
approved by the US FDA in 2009 (trade name: Votrient) and subsequently accepted by the European
Medicines Agency, Therapeutic Goods Administration in Australia, and Medicines and Healthcare
products Regulatory Agency in the UK in June 2010. This review aims to introduce, classify the
synthesis methods of PZ in the literature based on certain criteria (such as intermediate compound,
starting material), and provide a brief description of several important synthesis processes, followed
by an analysis of their advantages and disadvantages. The material in this review can be helpful for
experimental pharmaceutical chemists by giving them a broad viewpoint and providing direction
in choosing an appropriate process for the development and production of this pharmaceutical
compound in Vietnam once the patent protection expires.

Keywords: Pazopanib, renal cell carcinoma, RCC, synthesis, Votrient.

I. GIOI THIEU

Pazopanib hydrochlorid (PZ) 1a thudc tic ché da thy thé
tyrosin-kinase ting dung trong diéu tri ung thu biéu mo t&
bao than tién trién (RCC) va sarcoma mo mém tién trién
(STS)[1, 2]. Thudc dugc FDA phé duyét nam 2009 (biét
dudc: Votrient), sau d6 dugc Ca quan Quan ly Dugc phdm
chau Au (EMA), Uc (TGA), Co quan Quan ly thudc va san
phdm cham soc stic khoe Anh (MHRA) chdp nhén thang
6 nam 2010[3]. Ngoai ra, PZ con dugc tiép tuc nghién cliu
vé céc tac dung chdng ung thu khac: ung thu phdi khong
t€ bao nho[4], khdi u dudng tiéu hoa[5] va ung thu budng

triing[6]. Du kién sau khi hét han bao hd (ndm 2024), nhu
cau st dung PZ sé I6n hon rat nhiéu, kém theo do 1a nhu
cau vé nguyén liéu dudc chat. Trong khi do, tai Viét Nam,
chua ¢6 cd s6 nao tdng hop/san xudt dudc nguyén liéu
nay dat dugc dung. Bai tng quan nay nham gidi thiéu, hé
théng hoa céac phudng phép tdng hdp PZ da cong bé trong
tai liéu y van, dua ra van tat mot s6 quy trinh quan trong
va phan tich rd uu nhudc diém cta ching, i d6 gitp cho
cac nha nghién ctu hoa dudc c6 thém géc nhin tng quat,
clng nhu dinh huéng dé Iua chon quy trinh tong hdp hap
ly trong trién khai thuc nghiém.

II. CAC PHUONG PHAP TONG HQP PAZOPANIB HYDROCHLORID

Cdu triic phan t(i cla pazopanib (dang base) gom 4
hgp phan: indazol, benzensulfonamid, pyrimidin va nhém
methyl nhu mo ta trong Hinh 1, trong dé pyrimidin la hop
phan cau noi vdi 3 hdp phan con lai.

Cac tai liéu da chi ra c6 2 cach tiép can chinh dé
t6ng hop PZ 1a: (i) Gan hdp phan indazol vao hdp phan
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pyrimidin trudc, sau do cho san phdm phan (ing tiép voi
hdp phan sulfonamid; (i) Gan hop phan sulfonamid vao
hdp phan pyrimidin trudc, sau do gan thém hdp phan
indazol[7-11]. C6 thé tom tit cac con dudng PZ theo
sd do Hinh 2. Theo do, cac nguyén liéu chinh dudc su
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dung trong cac quy trinh nay gom 6 hop chat: 5-amino-
2-methylbenzensulfonamid (2), 2,4-dichloropyrimidin (3),
2-gthylanilin (5), 2-ethyl-5-nitroanilin (6), o-toluidin (11)
va 6-bromo-2,3-dimethyl-2H-indazol (16). Cac phudng
phap tdng hop déu di qua 3 chét trung gian quan trong 1a:

- 2,3-Dimethyl-2H-indazol-6-amin (4) (iU nguyén liéu
2-ethylanilin hodc 3-methyl-6-nitro-1H-indazol)

- 6-Chloro-2,3-dimethyl-2H-indazol (14) (iU nguyén
liéu o-toluidin)

- N,2,3-Trimethyl-2H-indazol-6-amin (17) (iU nguyén
liéu 5-nitro-2-ethylanilin hodc 2,3-dimethyl-2H-6-amin,
6-bromo-2,3-dimethyl-2H-indazol)

S

11 [L.Z.Peng]
[H.D. L|u B.P.Reddy]
””””””” CHy i CH,
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CHs
' /<:E<N CHs
)j/NHZ
)\

H,NOLS

Hinh 2. Sd dé cac con dudng/phuang phap tong hdp pazopanlb hydrochlorid

1. Cac phwong phap tong hop pazopanib

hydrochlorid qua chét trung gian 4

Phuong phap tong hop PZ da dudc A. Boloor cong bo
trong mot s6 cong trinh tir ndm 2002[7], gdbm 7 budc
tl nguyén liéu 2-ethylanilin (5) (Hinh 3): nitro hoa chat
5 bang acid nitric 68% trong acid sulfuric 98% thu dudc
2-ethyl-5-nitroanilin (6). Diazo hoa chat 6 bang tert-butyl
nitrit (hodc isoamyl nitrit) trong acid acetic tao thanh chat

trung gian mudi diazoni, chat nay ngay lap tlic ngung
tu tao vong indazol dé thu dugc 3-methyl-6-nitro-1H-
indazol (7), higu suat 98%. Methyl hoa chét 7 tao thanh
2,3-dimethyl-6-nitro-2H-indazol (8). Cac tac nhan methyl
hoa dudc st dung la trimethyloxoni tetrafluoroborat trong
aceton, higu suat 73%; trimethyl orthorformat c6 mét
boron trifluorid etherat trong dichloromethan (DCM),
hiéu suat 65% hodc dimethyl sulfat trong DCM c6 mat
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acid sulfuric 98%, hiéu suat 70%. Khii hoa chdt 8 bang
thiéc (Il) chlorid va acid hydrochloric (HCI) trong dung
moi diglym hodc amoni format trong dung maéi methanol
véi xuc tac Pd/C 10% thu dudgc 2,3-dimethyl-2H-indazol-
6-amin (4), hiéu sudt lan lugt 1a 95 % va 96,7%. Alkyl
hoa chat 4 vdi 2,4-dichloropyrimidin (3), xuc tac NaHCO,
trong dung moi ethanol, THF (tetrahydrofuran) dé thu
dugc N-(2-chloropyrimidin-4-yl)-2,3- dlmethyl -2H-indazol-

6-amin (9) vdi higu suat 89%. Methyl hoa chat 9 bang
methyl iodid c6 mat cesi (I) carbonat trong dung moi
N,N-dimethylformamid (DMF) thu dugc san phdm N-(2-
chloropyrimidin-4-yl)-N,2,3-dimethyl-2 H-indazol-6-amin
(10), hiéu suat 83%. Alkyl hoa chat 10 véi 5-amino-2-
methylbenzensulfonamid (2) trong dung mai isopropanol
(IPA) va HCI 37% d& thu dudc PZ (1).

@Cﬁ

H,NO, s

Pazopanlb

SO,NH,

CH,
2

95- 96 7% ... 4
ejsg/
CHs CH3
N—CH ~ N-CH
—CHj P
HaCey N HN N
N, X
P 83% L
CI” °N N
10 9

Téc nhan va diéu kién: (a) HNO,, H,SO,; (b) tert-butyl nitrit, acid acetic; (c) trimethyl oxoni tetrafluoroborat hodc
trimethyl orthoformat, boron tr/fluorld etherathoac dimethyl sulfat, H,50,, DMSO; (d) SnCl,, HCI; (e) 2,4-dichloropyrimidin;
(f) Mel, Cs,CO,, (k) 5-amino-2- -methylbenzensulfonamid, dun hoi /qu

Hinh 3. Sd do tong hop pazopanib hydrochlorid theo phuang phap cta A. Boloor

Cac phan ting trong quy trinh cta A. Boloor déu
dién ra v6i hiéu sudt tuong d6i cao. Tuy nhién, tac
gia st dung mot s6 hoa chat dat tién va khong san co
(trimethyloxoni tetraflouroborat, 2-methoxyethyl ether);
mot s6 tac nhan dé phan huy, kho bao quan nhu tert-butyl
nitrit (d& phan huy ra khi NO,) va methyl iodid (dé phan
huy ra iod); mot sO tdc nhan doc hai (dimethyl sulfat hay
methyl iodid). M6t s6 phan ting dién ra @ nhiét do qua thap
tiéu ton nang lugng.

Ké thira quy trinh ctia A. Boloor, céc nghién ctiu cong bd
sau da co cai tién 6 mot vai giai doan vé dung méi, tac nhan,
diéu kién phan (ing. Theo sang ché US20090005406A1, phan
ling gidia 4 va 3 cd thé duac thuc hién trong ethanol bién tinh
G 85°C cho san phdm vdi hiéu sudt 80 %. Phan tng methyl
hoa si dung tac nhén dimethyl carbonat, K,CO, trong

DMF thu dugc 10 dat hiéu suédt 83%[12]. Trong sang ché

US20150329526A1, R. Kumar va cong su dua ra cai tién
mdi G phan ting khii hoa chat 8 va alkyl hoa chat 4. Qué
trinh khii hoa st dung tac nhén la H, véi xuc tac Pd/C 10%
cho hiéu suét 95%, tuy nhién tac nhan nay rat dé gay chay
no khi co vét oxy. Phan ting alkyl hoa 4 trong methanol 6
nhiét @0 phong cho san pham véi hiéu suat 86,7%[13].
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Nam 2014, sang ché WO 2014/97152 dua ra mot quy
trinh tuong tu phudng phap cua A. Boloor, di tii 3-methyl-
6-nitroindazol (7). Tuy nhién, & budc khii hoa nhém nitro
ctia 2,3-dimethyl-6-nitro-2H-indazol (8), tac gia st dung
khi hydro véi xtc tac niken Raney trong dung moi hiiu ca.
Phan Gng tng hap mét xich quan trong 2,3-dimethyl-2H-
indazol-6-amin (4) cho hiéu suat cao (95%) va xc tac co
thé tai st dung cang la mot sang kién dang ghi nhan[14].

o] Viét Nam, cho dén nay chi ¢6 quy trinh dudc cong
bé bai nhom tac gid Nguyén Van Giang va cong su. Quy
trinh ctng gdm 7 budc nhu trén nhung cac tac gia da
cai tién mot so diéu kién phan ting phi hdp véi quy mo
phong thi nghiém & Viét Nam. Budc ngung tu tao khung
indazol tii chét 2 st dung tac nhan natri nitrit thay cho nitrit
hiiu co nén dé thao tac, an toan va ré tién hon trong khi
higu sudt tuong du0ng (94,4% S0 v6i 98%). Budc khii héa
nhoém nitro thom clia chat 4 thanh nhém amin thom bac 1
cdng st dung tac nhan SnCl, trong HCI 37% nhung dung
dung mai THF thay vi diglym (h|eu suat thap han 81,5% so
V@i 95%). Budc N-alkyl hoa 2,4-dichloropyrimidin véi hgp
phén indazol dugc tién hanh trong IPA (thay cho THF) c6
uu diém: giam thdi gian phan Gng, giam ludng tac nhan,
dong thoi tranh tao san phdm phu O-alkyl hoa[11, 15].



2. Cac phuong phap t6ng hop pazopanib
hydrochlorid di qua chat trung gian 17

Phuang phap tong hdp PZ di qua chat trung gian N,2,3-
trimethyl-2H-indazol-6-amin (17) la phudng phap mdi, lan
dau dugc cong bo bdi nhom tac gia Y. C. Mei va cong
sy nam 2012[8]. Mac du quy trinh tdng hdp c6 di qua
chét trung gian 2,3-dimethyl-2H-indazol-6-amin (4) nhu
phudng phap trén nhung chat nay sau do dudc imin hoa

- khii hoa dé tao ra 17. PZ 1a phan ti dudc tao nén tu su
gan két cua cac hop phan khong thé thigu 1a pyrimidin,
5-amino-2-methylbenzensulfonamid (2) va 17 (thay vi 4).

Phudng phap tong hop pazopanib hydrochlorid tir
nguyén liéu 5-nitro-2-ethylanilin (6)

Phudng phédp nay dudc thuc hién bdi tac gia Y. C. Mei,
sl dung nguyén ligu dau la 5-nitro-2-ethylanilin (6), di qua
cac budc tuang tu nhu quy trinh cta A. Boloor[8].

CHg CH3

CH
/©\/\ S b /©j\</N _h @N—CHa
O,N NH, ON" 7 N O,N N
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P ' 3
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Téc nhan va diéu kién: (b) tert-buty! nitrit, acid acetic; (h) trimethyl oxoni tetrafluoroborat hodc trimethy! orthoformat,

boron trifluorid etherat hodc dimethyl sulfat, H,50,, DMSO; (i) MeOH, Pd/C,

H,, paraformaldehyd, NaH, NaBH,

(k) 2,4-dichloropyrimidin; (g) 5-amino-2- methylbenzensulfonam/d dun hoi luu.
Hinh 4. Sa dé tdng hop pazopanib theo phudng phap cia Y. C. Mei

Trong quy trinh nay, Y. C. Mei thuc hién viéc dua nhom
methyl vao hdp phén indazol trudc, sau do mdi gan tiép
hdp phan pyrimidin (Hinh 4). Quy trinh da cai tién mot diéu
kién nhu: st dung natri nitrit trong dung moi acid acetic
(lam tac nhan diazo héa dong vong indazol) bén va an toan
han, thay vi diing tdc nhan nitrit hiiu co (Ia tdc nhan long
rat nhay cam vdi anh sang va dé chay), trong khi van cho
higu suat cao (93,9%); tac nhan methyl héa st dung la
trimethyl orthoformat an toan véi moi trudng va stic khoe
con ngudi han so véi cac tac nhan doc hai ma cac tac gia
trudc van st dung 1a methyl iodid va dimethy! sulfat.

Theo séang ché CN 103373989, cac tac gia tong hop
pazopanib theo trinh tu giong nhu cta Y. C. Mei nhung tac

nhan methyl hoa chat 7 thay bang dimethyl sulfat trong
dung moi toluen la mét tac nhan rat doc hai. Tuy nhién,
viéc st dung CH,ONa (de dang dugc tao thanh tir methanol
va natrl) thay cho NaH & giai doan imin hoa chét 8 gitip rut
ngan dang ké thdi glan phan tng[16].

Phudng phap tdng hop pazopanib hvdrochlorld tu
nguyén liéu 2,3-dimethyl-2H-indazol-6-amin (4)

Quy trinh clia B. P. Reddy va cong su:

Quy trinh nay dudc thuc hién béi B. P. Reddy va cdng
su tif ndm 2012 theo céach tiép can khac biét véi cac tac
gia trudc day. Theo do, hop phan benzensulfonamid gan
vGi hgp phan pyrimidin trudc rdi mdi tiép tuc alkyl hoa dé
g4n tiép hop phan indazol 17 (dudc tong hdp ra tif nguyén
liéu 4) tao ra phan tli pazopanib nhu sg do Hinh 5[9].

Pazopanib

; =
Cl 'HN N

2

CHs 5 (¢]] (KN CH,4
/@[ b S /”\
H,N 5 SOzNH, N H By

48,2% 26

Téc nhan va diéu kién: (a) Paraformaldehyd,CH,0Na, methanol, NaBH, hoi luu (b) 2,4-dichlopyrimidin, ethanol, THF,

NaHCO,, 70-75°C; (c) HCI, ethanol, hoi luu.

Hinh 5. Sd dé tong hop pazopanib hydrochlorid theo phuong phap cia B. P. Reddy
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Quy tinh gom cac giai doan nhu sau: Téng hdp
5-(4-chloropyrimidin-2ylamino)-2-methylbenzensulfonamid
(26) bang phan Gng ngung tu  5-amino-2-
methylbenzensulfonamid (2) va 2,4-dichloropyrimidin (3)
trong dung moi ethanol, THF, xtic tac NaHCO, ¢ 70 - 75°C
(hiéu sudt 48,2%). Tdng hop N,2,3-trimethyl-2H-indazol-6-
amin (17) tU' nguyén liéu 2,3-dimethyl-2H-indazol-6-amin
(4) qua 2 giai doan tao imin vGi paraformaldehyd, xtc tac
NaOCH, va kht bang NaBH, trong methanol. Cudi cung,
nguing tu 26, 17 trong ethanol c6 mét HCI ddc & nhigt do hoi
liu tao san phdm PZ (1). Quy trinh st dung mot s6 hoa chét
dat tién nhu cesi carbonat, methyl iodid va khong cong bé ro

rang vé hiéu suat.
CHj

/<:T<N—<:H3
)j/NHz
)\

‘ /©f<N CHj
AAINOZ :

SO,NH,
CHj 2

—_—

HyoNO,S

H2NOZS

Pazopanib

Quy trinh cta H. D. Liu va cong su:

Nam 2018, quy trinh tong hop pazopanib tu
2,3-dimethyl-2H-indazol-6-amin (4) dudc nhom tac gia H.
D. Liu c6ng bd st dung hdp phan pyrimidin 1a 2,4-dichloro-
S-nitropyrimidin (18) (thay vi 2,4-dichloropyrimidin (3) nhu
cac tac gia trudc). Cach thlic gan cac hgp phén indazol,
pyrimidin, benzensulfonamid cling tudng ti A. Boloor.
Nhém nitro (c6 hiéu ting hit dién t manh) gitip phan ting
thé nucleophin ctia chat 17 vai chat 18 xay ra chon loc (6
vi tri C-4 thay vi C-2 trén nhan pyrimidin) dé tao ra chat
19, tli do tao ra chat 20. Dé loai bo nhom nitro trén nhan
pyrimidin, tac gia sti dung phan (ing khi héa thanh amin
21, sau do diazo hoa bang tert-butyl nitrit, gidi phong N,
tao ra pazopanib (Hinh 6)[10].

CHj

-
Qﬁ ......................
H CH .

Téc nhan va diéu kign: (a) methanol, PPh, DDQ, dichloromethan, dun héi luu (b) 2,4-dichloro-5-nitropyrimidin,
diisopropylethylamin, toluen, 40°C, 4-6 gid; (c) 5-amino-2-methylbenzensulfonamid, diisopropylethylamin, methanol,
60°C, 4-8 gio; (d) H,/Pd/C; methanol, 5-8 gio, hoi luu, 1atm (e) tert-butyl nitrit, triethoxysilan, (1,5-cychlooctadien)

rutheni(ll) chlorid.

Hinh 6. Sa do tong hop pazopanib theo phuong phap cta H. D. Liu

Phudng phap téng hop pazopanib hydrochlorid tf
nguyén liéu 6-bromo-2,3-dimethyl-2H-indazol (16)

Quy trinh dudc céng bo nam 2021 trong sang ché
W02021/162647 sti dung nguyén liéu ban dau la 6-bromo-
2,3-dimethyl-2H-indazol (16) (sdn co, hodc dudc tong
hdp o-ethylnitrobenzen[17]), bao gom cac budc sau[18]:
Methyl hoa 16 bang tac nhan methylamin, xuc tac bot

CHg

b

Pazopanib hydroclorld ()

HZNOZS N2 esw 85%

SO,NH,
CHj 2

dong hodc Cu,0 trong dung mdi DMF ¢ nhiét do héi luu
100°C thu derc chét 17 (Hiéu suat 97%; dg tinh khiét LC
dat 99%). Dun hai luu (85°C) 17 va 2,4- -dichloropyrimidin
(3) trong dung moi DMF, xdc tac NaHCO San pham 1a
chat 10 (Higu suét 97%; do tinh khiét LC dat 98,5%). Bun
hoi luu hon hdp 10, 2 cing véi HCI dac trong ethanol thu
dudc PZ vdi hiéu sudt 85%; do tinh khiét LC dat 98,4%
(Hinh 7).

Br N

Téc nhan va diéu kién: (a) CH,-NH,, DMF, Cu,0, 100°C; (b) 2,4-dichloropyrimidin, NaHCO,, DMF, 85°C; (c) 5-amino-

2-methylnenzensulfonamid, ethano/ HCI déac, dun héi luu.

Hinh 7. Sa do tong hop pazopanib hydrochlorid tif 6-bromo-2,3-dimethyl-2H-indazol
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Quy trinh trén ¢6 vu diém 1a it giai doan, cho hiéu suét
kha cao so vGi cac quy trinh trudc day. Tuy nhién, hgp
phan pyrimidin st dung 1a 2,4-dichloropyrimidin (3) nhu
mat sO quy trinh khac, nén tinh chon loc thé chlor & vi tri
2, 4 1a khong cao.

H3C

NH,
73%
1

/<f<N e
~ N=CHs
HiCx N

2
Pazopanib hydroclorid (1) <f— Nﬁﬁ
—
77% Cl N

H
a
R ———

NH,
3C b _
. — NH
Ccl 8% CI N .HCI
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3. Phwong phap tong hop pazopanib
hydrochlorid di qua chat trung gian
6-chloro-2,3-dimethyl-2 H-indazol

Phudng phép téng hop PZ di qua chat trung gian
6-chloro-2,3-dimethyl-2H-indazol (14) dugc cong bd ndm
2019 trong sang ché CN110028495. Sd d6 tong hdp duigc
thé hién trén Hinh 8[19].

13

CHj

e E - i
NH, icl N :
e T S— D s
| -
CI” N

15

Tdc nhan va diéu kién: (a) N-chlorosuccinimid, dichloromethan, hoi luu 7 gid (b) tert-butylnitrit, anhydrid acetic/
chloroform, 18-crown-6, kali acetat, hoi luu, suc khi N,, HCI déc; () acid formic, DMSO, triethylamin, suc khi nito qua
dém, 150°C; (d) kali tert-butoxid, DMSO, suc khi nita, 5 gio, 100°C; (e) Mel, DMF, natri hydrid trong THF, 0°C; (f) kali
carbonat, suc khi nitd, dun hoi luu 1,5 gid sau do thém HCI, dun héi luu.

Hinh 8. Sd dé tong hap pazopanib hydrochlorid qua chat trung gian 6-chloro-2,3-dimethyl-2H-indazol

Quy trinh gdbm céc budc nhu sau: Chlo héa o-toluidin
(11) bdi tac nhan N-chlorosuccinimid trong dung méi DCM
tao ra 2-methyl-5-chloro-anilin (12) v6i higu suat 73%. Tu
chéat trung gian 12, tong hop khung 2H-indazol thé chlo
G vi tri 6 dudi dang mu@'i monohydrochlorid (13) vdi higu
sudt 80%. Tiép theo la tong hdp 14 tii chat 13 bang 2 phan
ting methyl héa: N-methyl héa (st dung methyl iodid trong
dung moi DMF, xtc tac cesi carbonat; hodc hé tac nhan:
triethylamin, DMSO, acid formic) va C-methyl hoa (bang
DMSO trong mai trudng nitd, ¢ mat kali tert-butoxyd).
Téng hop chét trung gian 15 tui chat 14. Sau do, tong hap
chat 10 tif 2 chat trung gian 14 va 15. Cudi cung 1a tong
hop PZtii 10 va 2 trong dung mai ethanol, K,CO, trong moi
truong khi tro, HCI dam dac (Hiéu sudt 77%). Hiéu suét
toan quy trinh 23%.

Phudng phap nay khong di qua giai doan nitro hoa dé
tao hgp phan trung gian indazol nén tranh dudc viéc diéu
ché acid dac va sl dung ching vao qué trinh nitro hoa (qué
trinh v6n doi hoi su ti mi vé thao tac dé dam bao hiéu suét
va tinh an toan ciing nhu bao vé mai trudng). Nguyén liéu
khdi dau la o-methylanilin (11) do chtia nhom thé methyl la
nhém thé co hoat dong manh hon ethyl nén céc phén ting
dién ra dé dang hon. Viéc sti dung hdp phan pyrimidin c6
chiia 1 nhém thé amin thay cho 1 nhom thé chlor so véi
chét pho bién van dudc su dung la 2,4-dichloropyrimidin
¢0 uu diém tranh tao ra san pham phu tui su khong chon
loc clia chlo G vi tri 2 va 4 so véi cac phuong phép trudc.
Ngoai ra, viéc st dung dimethyl sulfoxid trong méi trudng
acid (cho giai doan N-methyl), trong mai trudng kiém (cho

giai doan C-methyl) c6 tu diém nang cao higu suat phan
ting methyl hoa trong khi gia thanh nguyén liéu thap. Tuy
nhién, quy trinh tdng hdp st dung ngudn nitrit hifu co dat
tién, doc, kho thao tac han so vdi cac nitrit vo cd nhu natri
nitrit va hiéu suét khong cao.

1. KET LUAN

Pazopanib hydrochlorid la dudc chat ¢ ting dung quan
trong trong diéu tri ung thu biéu mo té& bao than tién trién
(RCC) va sarcoma m6 mém tién trién (STS). Bai bao da
phan loai dudc cac phuong phap téng hdp dua theo 3 hop
chét trung gian quan trong (4, 17, 14) va 6 nguyén liéu ban
dau (2, 3, 5, 6, 11, 16), tir do gidi thigu tom tat cac quy
trinh tong hdp va phan tich rd wu nhugc diém cla ching
vé hiéu suat va mot so diéu kién phan ting (nhiét do, xtc
tac, dung moi). Tong quan co thé hifu ich cho cac nha
nghién ctu hoa dudgc thuc nghiém, c6 thém gdc nhin tong
quat cling nhu dinh hudng Iya chon dudc quy trinh hap ly
dé phat trién san xudt dudc chat nay tai Viét Nam khi thudc
hét han bao hd doc quyén.
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Phan bién: PGS, TS MAC PINH HUNG

FLAVONOID GLYCOSIDE AND ALKALOID FROM AGERATUM CONYZOIDES L.

III. CONCLUSION
From Ageratum conyzoides L. growing in Thua Thien
Hue province, an alkaloid uracil (1) and flavonoid glycoside
6"-0-trans-p-coumaroylastragalin (2) were isolated and
structural idendified. This is the first time compound 1
isolated from Ageratum genus, while 2 from this species.
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' MOt SO UNG DUNG DUNG Mﬁl EUTECTY SAU 9
TRONG CHIET TACH CAC CHAT RA KHOI NEN MAU PHAN TiCH THUC PHAM

SUMMARY:

NGUYEN THI MINH LOI
Trudng Dai hoc Qudng Binh

APPLICATIONS OF DEEP EUTECTIC SOLVENTS IN FOOD SAMPLE
PREPARATION FOR ANALYSIS

Conventional organic solvents (e.g., methanol, ethanol, and ethyl acetate) are widely used for the

extraction, reaction, and separation of valuable compounds. Although these solvents are effective,

they have disadvantages, including flammability, toxicity, and persistence in the environment. Deep

eutectic solvents (DESs) are valued for their biodegradability/low impact on the environment, low

cost, and ease of manufacture. DESs are an emerging class of mixtures characterized by significant

depressions in melting points compared to those of the neat constituent components. These materials

are promising for applications as inexpensive “designer” solvents exhibiting a host of tunable
physicochemical properties. The objective of this paper is to provide an overview of the applications

of DES in food analysis.

I. GIOI THIEU

Nhiing phat trién gan day trong linh vuc chiét cac méau
thiic phdm c6 st dung dung moi xanh nhu mot quy trinh
thay thé dé chiét xuat cac hdp chat co hoat tinh sinh hoc.
Chiét st dung dung méi xanh dudc dinh nghia la hé thong
chiét tach cho phép sl dung cac dung moi thay thé, giam
tiéu thu nang Iugng va cung cdp san phdm an toan, chat
ligng. Day 1a xu hudng mdi cho su phat trién bén ving.
Dung mai xanh [a dung moi thé hé méi xudt hién cung véi
héa hoc xanh, khdng anh hudng xau tdi stic khde va moi
trudng xung quanh. Ngoai ra, cach tiép can nay khuyén
khich su phat trién cac cong nghé trong cac san pham
va quy trinh hoa hoc khong anh hudng dén stic khde con
ngudi va moi trudng[1]. Han ndia, mot trong nhiing uu tién
hang dau dudc dé xudt trong chinh séch va phap luat vé
mai trudng cta Lién minh Chau Au cho giai doan 2010 -
2050 la giam s(i dung cac dung moi hoa dau va cac hgp
chat hiiu cd dé bay hdi do cac dac tinh dé chay va doc
hai. Chiét tach xanh chi yéu tap trung vao viéc st dung
cac dung moi mdi, than thién véi moi trudng va co thé diéu
chinh dé dap ting nhu cAu kinh t€ va cong nghé 1a mot linh
viic nghién ctiu dang dudc quan tam phat trién[2].

Gan day, DES da bat dau la mét lua chon t6t cho dung
moi xanh va la giai phap thay thé tiém nang cho dung moi
hifu ca truyén thong[3]. Do do, viéc tong hop va sk dung

cac dung mdi nay ngay cang tré nén quan trong do céc
ddc tinh uu viét cua ching nhu kha ndng phan hly sinh
hoc, diéu ché don gian, do bay hai khong déng ké, do hoa
tan cao, khéng doc hai, do nhét co thé diéu chinh va pham
vi phan cuc rong nham ting dung cho cac hap chét khac
nhau[4]. Hai hodc ba thanh phan c6 kha nang tu két hop
ch yéu thong qua lién két hydro, luc tinh dién tam thdi va
tiong tac van der Waals dudc tron Ian dé thu dudc dung
moi DES[5]. DES ¢ thé dudc diéu ché véi cac thanh phan
va ty 16 mol khac nhau bang céach st dung chat cho lién
két hydro nhu acid hiiu cg, rugu da chtic, dudng, acid amin
va mudi amoni bac bon. Diém nong chay cua tiing thanh
phan cao han DES[6]. Khi tao dudc ty I¢ thanh phan t0i
uu, hén hop co diém eutecty sau nhat. Khi nhiét do cao
hon diém eutecty hodc diém nong chay, hén hop sé &
dang 16ng; néu khong, hon hdp sé § thé ran[7]. Dang chi
y la chat nhan lién két hydro dudc st dung nhiéu nhat 1a
choline cloride vi doc tinh va chi phi thap, co thé phan hay
sinh hoc cung véi viéc sii dung né lam vitamin B4 trong
thac an chdn nudi[5].

Bai tong quan nay cung cdp thong tin cd ban nhét vé
ling dung cta DES lam dung mdi trong cac phuong phap
chudn bi mu dua trén dung moi khac nhau trong phéan
tich thuc phdm.
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II. PHAN LOAI DUNG MOI EUTECTY SAU DES

DES, lan dau tién dudc gidi thieu vao nam 2003 bai
Abbot et al[8], d6 la su két hop clia mot chét cho lién két
hydro (HBD) va chat nhan lign két hydro (HBA) theo mét ty
1é mol cu thé va 6 nhiét do nhét dinh. Mac du DES c6 mot
s0 tinh nang nhu quy trinh tong hop dé dang va do nhét,
mat do va do phan cuc thay doi; chung con dugc tong hap
v6i chi phi thap han, don gian hdn thudng c6 doc tinh thap
han, va vi vay dung moi chiét du0c sti dung pho bién[5, 6].

Co nhiéu loai dung moi eutecty sau khac nhau. Dua
trén cac dac tinh dung mai ion ddc trung, c6 thé phan DES
thanh 4 loai. The hé dau tién cla loai dung moi nay 12 hén
hdp cua mudi amoni bac bon. Céac dung moi nay chia
cac chat cho lién két hydro, vi du: amin va acid carboxilic.
Phan I6n DESs dudc phan loai theo truyén thong, gdm

- Loai I: két hdp mot mudi amoni bac bon va chlorua
kim loai;

- Loai IIl: gdm mdt mudi amoni bac bon va mét chlorua
kim loai hydrat;
- Loai lll: gém mudi amoni bac b6n va mot HBD (thudng

la mot thanh phan phan ti hiu co nhu mot amit, acid
carboxilic hodc polyol-chat cho lién két hidro);

- Loai IV: gdm hydrat clorua kim loai va HBD (khong c6
muoi amoni bac bon). Nhiing loai dung méi eutecty sau
nay rit quan trong do c6 thé tao ra phtc kim loai cation,
Idam bao 16p kép sat bé mat dién cuc ¢ nong do ion kim
0ai cao.

Ngoai ra, nhiing cach phén loai khac cua DES cing da
dudc dé xudt gan day [10- 12]. Trong s6 d6, DES c6 thé
dugc phan loai 1a DES ua nudc, khi ching hoa tan trong
nudc, va DES ky nudc (HDES), khi chung dugc tao thanh
bdi cac thanh phan ky nudc va HDES it nhat c6 mot thanh
phén hoa tan trong nudc.

III. PAC PIEM, TINH CHAT CUA DUNG MOI EUTECTY SAU DES

Dung moi eutecty sau (DES) la hon hdp cua hai thanh
phén trd 1én, 1a dung mai ion co cac tinh chat dac biét nhu
do bay hai thap, do hoa tan cao, diém nong chay thap,
nguyeén ligu chi phi thap va it doc hai doi vdi con ngugi.
St dung DES dé dudc dé Xudt nhu mot phudng phap xanh,
than thién vdi moi truong dé chiét tach cac hdp chét co
trong cac mau thyc pham. Day 1a mot giai phap thay thé
an toan cho cac tng dung dinh du@ng, thyc pham, dugc
pham va cac nganh khac. Dung moi eutecty sau la hon hap

dugc hinh thanh tu acid va bazd Lewis hodc Bronsted[13],
12 hén hop ddng nhét cta cac chat co thé nong chay hodc
dong dac 6 mot nhigt do duy nhat. Thong thudng, dung
moi eutecty sau chiia nhiéu loai anion va cation.

So v6i cac hdp chat hitu cd dé bay hai, DES co ap suét
hdi rat thdp. Do do, nhiing dung madi nay thudng dé chay.
Hon nia, nhiing dung méi nay c6 do nhét cao c6 thé gay
kho khan trong céc Ging dung cong nghiép.

» IV. UNG DUNG CAC HE DUNG MOI EUTECTY SAU DES »
PE TACH CAC CHAT RA KHOI NEN MAU TRONG PHAN TiCH THUC PHAM

1. Ung dung cia h¢ DES wa nudéc

Mot trong s6 céc tinh chét chinh cla DES ua nudc la
khoi Iugng riéng cta ching l6n han nuéc[11]. Hon nifa,
cac loai DES nay clng dudc dac trung bdi kha nang tron
lan clia chang vdi cac dung moi phan cuc, nhu nudc hoac
methanol (MeOH), do la do ban chat ua nudc cla cac
thanh phan c6 chia nhom co do am dién cao va co thé
hinh thanh lién két hydro théng qua cac trudng hdp dac
biét ctia Iudng cuc - tuong tac Iudng cuc[12]. Bang 1 tong

hap cac cong trinh nghién clu st dung DES ua nu6c dé
chlet xudt va xac dinh nhiéu loai chat phan tich trong cac
mau thuc pham khéc nhau.

Hau hét cac DES trong bang duoc chuén bi béng cach
tron dan glan cac thanh phan cla chung, khuay lién tuc,
dun néng ¢ nhiét do dudi 100°C cho den khi trong suct,
thu dugc hon hdp dong nhét va trong ca hai trudng hdp
déu khong can qua trinh tinh ché.

Bang 1: Ung dung ctia DES ua nudc trong quy trinh chuan bi mau phan tich thuc pham

/ Tai
Chat p A Phuong N a .
DES P Mau P Ky thuat . B0 thu hoi ) liéu
(Ty 18 th ticn) | PP UCR | opantion | Chuanbimau | o phap LODs % Ly iham
phan tich ,
khao
20 DES tu
ChCl:L-(+)-tartaric Bot gao nhién da dudc
acid: nudc (1:1:2) Cd ?.,00. Mau kho UAE GFAAS danh gid. Tai | 14
(2.000u) g sit dung DES
tu nhién
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5 Tai
Chat x S Phuang - A "
DES 2 Mau P Ky thuat . Do thu hoi ) ligu
(Tyte thétich) | PMAMHC | ppan gy | Cuanbimau | o™ | phap LODs % Wy tham
phan tich )
khao
Glycollg amq: . ca(l), Dau ca, | Mau dugc hoa RP- 01208 |89-104% H\NO3 3% dur]g
mandelic acid (2:1) Znll bd, ba thuc| tan trong ethyl DLLME FAAS /I (3-10%) lam dung méi | 15
(750,) vat acetate na gty chiét
Déu me Thi tuc kiém
A : 4t chét Iigng
dau xanh 0,0002- S0d :
: : ‘ L - 95-104%
ChClure (1:2) PbvaCd| huong |Mduchuaxily| A | ETAAS | 0,008 da dugc thuc | 4 g
(160ul) duon DLLME K - hién dé dam
e, ng/kg béo cac ket
g qua dat dudc
Khong c6 su
N&m Mau dugc 1am | Acid hoa 0.32-0.50 khac biét gita
ChCl:oxalic acid Se va As (100g) kho 6 105°C | v6i HNO, | GFAAS ’ /I’ 96-100% | chiét vdi DES | 17
(1:2) (2.500u) 9 | tong2an | 1.5M na va véi acid héa
théng thudng
Mau dugc
acid hoa voi 8-hydroxy
ChCl:phenol (1:2) 7n Ca valuon HNO.-H.0:H.0 UA- FAAS 0,041 | 93-101% | quinoline dugc 18
(600u) @aoml) |, 87222 2 | DLLME ughkg | (2-5%) | st dung nhu
(1:3:2ml ratio) P
va pha loang tac nhan chelat
ChCl:phenol (1:3) Caphg |Caphéhoatan| ., 91-101% ZSZSr?gdﬁﬁS
’ ' Cafein v@i nudc, lam HPLC-UV| 120 png/l | 19
(400ul) Gm) | ana va v tm DLLME - dung moi chat
gvaly nhi hoa
Nam va PAN dudc st
ChCl:phenol (1:2) | Cr(Il) va | qa o | MAu dudc chiét|  UA- 86-105% |  dung
(350u) Cr(Vl) somn | VO HClvaloc | DLLME FAAS 1 0.4 ol (1-2%) | nhu thugc thl 20
(10mi) tao phiic
Mau tra den
Qua 6¢c | dugc tron voi ,
cho, gao, |HNO, 1:1, dun 0.003- Dung moi chiét
ChCl:thiacetamide Cd, Pb, | cachua, |nong, mauthuc| AA- ETAAS 0’0042 94-101% | la chat long 91
(1:2) (40ul) Cu va As | rau, nudc |phdm dudgc tron| DLLME ’ | (2-3%) | nano tui tinh
cam, tra | voi HNO, 65% ng/
den va H,0, 30%,
dun nong, loc

(UAE: Chiét c6 ho trg siéu am; RP-DLLME: Vi chiét Iong-long phan tan ngugc pha; VA-DLLME: Vi chiét chat 1ang-long phan tan ¢o
su ho trg cta li tam; UA-DLLME: Vi chiét chat 16ng 10ng c6 ho trg siéu am; AA-DLLME: Vi chiét chat 10ng 1ong ¢6 hé trg clia khong khi;
GFAAS: Phuong phap quang phd hdp thu nguyén ti 10 graphit; FAAS: Phudng phap quang phd hap thu nguyén ti ngon Itia; ETAAS:
Phuong phap quang phd hap thu nguyén ti nhiét dién; HPLC: Phudng phap sac ky long cao ap.)

Cac DES ua nudc da dudc st dung vdi hiu sudt rat
t6t cho qua trinh ¢6 dac sd bd va chiét xuat cac kim loai
ra khoi cac mau thuc phdm. DES ua nudc ciing da dudc
két hdp vai céac vat lidu khac va dudc st dung trong qua
trinh chiét. Shirani va cong su da thuc hién thanh cong két
hdp tinh chét cta DES véi tinh nang ti tinh cua vat liéu

nano[21]. Phuong phap nay cho thdy kha nang chiét xuat
dat hiéu qua cao va do nhay t6t dé xac dinh Cd, Pb, Cu va
As tli qua 6c cho, gao, bot ca chua, rau bina, nudc cam
va tra den.

Trong cac quy trinh néu trén, sau khi st dung DES
lam dung méi chiét, cac chét phan tich thutng dugdc xac
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dinh bang cac ky thuat sac ky long cao ap HPLC, va céac
phuong phap quang phd hdp thu nguyén ti nhu GFAAS,
FAAS, ETAAS. Kha nang chiét xudt cao dudc thé hién
bdi cac DES ua nudc két hop véi cac ky thuat phén tich
cho phép thu dudc cac gia tri LOD thap trong hau hét céac
trudng hap.

2. Ung dung ciia hé¢ DES ki nuéc

Su khac biét chinh gitia DES ua nudc va ky nudc nam
G su hién dién cla cac chudi alkyl dai hodc cac nhom
xycloalkyl lam giam anh hudng cla cac vling ua nudc (vi
duy, dién tich clia mudi) va cac nhom ua nudc (vi du: nhém

carboxylate va hydroxyl)[22, 23]. Nhiing hon hgp eutectic
nay co cac tinh chat doc dao vé mat do, do acid, do phan
cuc, do nhdt va bién dong, cung cap kha nang khai thac
tot thong qua viéc Iya chon can than thanh phan [24].
Két qua cho thdy hiéu sudt chiét clia HDES phu thudc rat
nhiéu vao tinh khong thé tron 1an cta chung vdi nudc nhu
mot su khac biét vé ty khoi. Do do, trai ngugc véi DES ua
nudc, HDES thudng c6 ty khéi cao han nudc [25], vi su
gia tang chiéu dai cuia chui alkyl ciia cac thanh phan mudi
dan dén gidm mat do (trong khoang 0,80-1,10 g/ml) [23].
Ngoai ra, can Iuu y rang su khac biét vé mat dg giita DES
va nudc cang I6n thi su phén tach gidia hai pha sé xay ra
cang deé dang [23].

Bang 2. Ung dung ctia DES ki nudc hodc ban ki nudc trong quy trinh chudn bi mu phan tich thuc pham

. . .| Phudng ) Tai ligu
DES X LA e Mau 2 . = Ky thuat . Do . j
(T§ 16 thé tich) Chat phan tich phdn tich Chuan bi mau chidt Qhaq LODs thu héi % Luuy Iha7m
phan tich khao
Menthol: octanoic Tao, & " 0
acid (1:4) Diphenylamine|  va cam Caga':a‘:ﬂ?é‘,‘tdc UA-DLLME| HPLC-FD 0'0/‘? 9?1'140;)‘ 2
(500u) (1.000mg) g na al
. 3 DESs dugc
TOMAC: .. . |Mau dugc hoa o | e i
amylalconol (4:1) | Folicacid | o-™  |tan trong ethyl|[VA-DLLME| HpLC-Uy | 530 | 92°T00%] tachra. DES | -7
(1504) 5.000mg acetate ng/kg | (2-6%) | chon loc dudc
" 16n vdi MeOH
Banh quy 6 ion HDES
ba, socola .
< . < . dudc danh
trang, ngd, |Mau dugc tron y
bot mi, rau |vdi H,0,:HNO gid. Phudng
.nlai ; g ) 2V 3 - 9 ] )
(T1Hﬁ\)o'(§(']%'° ;‘C'd Co spinach, | (1:3,v/v) va |AA-DLLME| FAAS 0'0/‘: 9?2_1 42/5)4’ ﬁgﬂag uzhtf:n 28
' " bac ha, stia | hap thu b no. ° a
_ sy tao phtc
socola, sifa MWA , o
) ] cua Co(ll) vai
bo, vang do dithizon
(5mi)
Ran bién kho
TOMAC:DL-lactic , va ca ngua 0,08- +, |8 DES dugc so
acid (1:3) Cd va As nR;:L(Jsﬁn dugc them |UA-DLLME| FAAS | 0,30 9(13_182;‘)" sanh, MeOH | 29
(400ul) o V0 rigu va dé ug/! °) | dudc st dung
trong 6 thang
':frg‘; lt"r';': Triton X-114
nui6c voi v,a Dung dich dudc st dung
o6 uéin dudc dun 0,01 dé toi uu ty 18
ZnCl,:acetamide v (25mi) g nong cho GFAAS ng/kg |96-100%| chuyén pha. 30
(1:2) (350ul) o oo dén khi 0,01 | (1-3%) | CCD dugc
N ’ van duc va g/l ap dung trong
ca chua, - o
L . li tm qud trinh
rau va ndm 461 1 hoa
(1.000mg) '
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Céc nghién ctu vé ting dung clia DES ki nudc dé tach
chiét mot hay nhiéu chéat phan tich ti nén thuc phdm da
dudc téng hop. Trong Bang 2, mot s6 DES ki nudc da
dudc st dung dé chiét xuat cac chat hiu cd[26, 27] va cac
kim loai[28-30]. Phudng phap chiét sti dung cac dung moi
DES ki nudc két hgp vdi cac ky thuat phén tich cho céc gia
tri LOD thdp trong cac nghién cuu.

V. KET LUAN

St dung DES trong hoa hoc phén tich dé thay thé cac
dung moi doc hai va dung méi hifu cd dé bay hdi, dang
dugc phat trién vGi nhiing Igi ich déng cha y, nhu chudn bi
dé dang va chi phi thap, do bay hdi va doc tinh, kha ning
phan hly sinh hoc va kha néng tudng thich sinh hoc. Céc
dung moi nay v6i céc tinh chét hoa ly uu viét (diém nong
chay, do nht, do dan dién, ap sudt hoi, mat do, kha néng
tron 1an va do phan cuc) dugc thay doi cac thanh phéan ban
dau va ty 1é mol tudng ting c6 kha nang hoa tan cao, thich
hgp 1am dung moi chiét cho cdc hdp chét hiu co (dudc
pham, thudc trii sau, thudc nhudém, b loc tia cuc tim, v.v.)
va cac chét vo co (ion kim loai, oxit kim loai, mudi kim loai,
amoniac, v.v.) tlf cac nén mai trudng khac nhau.

Viéc két hdp dung moi eutecty sau DES trong chiét tach
mau vdi cac ki thuat phan tich nhu: cac ky thuét séc ky
va cac phuadng phdp quang pho da dudc st dung hiéu
qua. Tuy nhién, cac dung mdi nay khong dudc ap dung de
stia d6i cac ky thut sac ky trong phan tich nén mau moi
tridng. Mac du st dung DES khong chi lam tang tinh chon
loc va do nhay cao cac budc chuan bi mau ma hiéu suat
phan tich cling dé dang han, cac nghién ciu tiép theo nén
dudc thuc hién dé cap dén déc tinh, do xanh va kha nang
tai sl dung clia cac dung mai nay.

DES la mat giai phap thay thé kha thi dé chiét tach cac
chat ra khoi nén mau ciing nhu st dung trong giam sat
an toan thuc phdm va phat trién y hoc. Tuy nhién, cén
thuc hién nhiéu nghién ctu hon dé khac phuc mot sé
han ché cua DES va danh gia viéc st dung cac hgp chét
dugc chiét xuat bang DES c6 thé dudc tiéu thu mot cach
an toan hay khong.
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NGHIEN CUU UNG DUNG THUGC PHONG THU HOI LAM MOI NO CONG NGHIEP

PHAM QUANG HIEU
Vién Thudc phéng Thudc nd - Tong cuc Cong nghiép qudc phang

SUMMARY:

RESEARCH ON USING RECOVERED PROPELLANTS AS PRIMERS
FOR INDUSTRIAL EXPLOSIVES

This article presents some research results on using recovered propellants to make detonators for
industrial explosives by casting. The research results showed that, when using recovery propellant
with the weight ratio of TNT, propellant, and TEN explosives was 45%, 45%, and 10%, respectively,
the technical standard of the primer including density, explosive velocity, ability to generate work by
lead bombs and lead cylinder compression all meet quality standards according to Circular 31/2020/
TT-BCT. In addition, the manufacture of this detonator will reduce the amount of propellant that is

burned into the environment.

Keywords: Primers, TEN, TNT.

1. MO PAU

Hang nam lugng mdi n6 cong nghiép (mdi nd) dung
dé lam thudc nd trung gian c6 tac dung ting cudng xung
ligng dé kich n6 céc loai thufc né cong nghiép dudc tiéu
thy trong cac nganh khai khoang tuong doi 16n. Cac loai
moi no cua cac don vi trong nudc co ban chu yéu dudc
ché tao tii cac hon hgp chiia TNT va TEN hodc RDX, dap
ting dudc tiéu chudn chat lugng theo Thong tu 31/2020/
TT-BCT cua Bo Cong thuang[1] va hién dang luu hanh trén
thi trudng. Theo mot so tai ligu thi tai Lién Bang Nga da
¢6 st dung thudc phong (TP) dudc thao ra tii cac loai dan
phdo da hét nién han st dung (sau day goi la thuc phong
thu hﬁi) lam vat liéu n6 cong nghiép noi chung trong dé co
moi no noi riéng[2, 4], bai vi ban than thudc phong ciing
la mot loai vat liéu mang nang lugng, khi kich no @ diéu

kién thich hgp thi sé gay no. Hién nay, hang nam quan doi
thuc hién viéc tiéu hiy dan dudc da hét nién han st dung
hodc stia chifa cac loai dan phdo cd I6n van con gia tri st
dung, thudc phong sau khi thao ra do chua c6 phuong an
sli dung hiéu qua nén chl yéu la hly dot vdi khoi ludng
hang chuc dén hang tram tan. Diéu nay viia ton nhan luc
vat luc cho huy dot, vira gay anh hudng dén moi truong.
Ti d6 cho thdy viéc nghién ctiu ting dung thudc phong
thu hoi dé lam vat liéu n6 cong nghiép @ trong nudc la céan
thiét, co tinh kha thi. Trong khudn kho bai bao nay, tac gia
sé dua ra phudng an st dung thudc phong thu hoi dé lam
mot loai vat liéu nd cong nghiép dang sti dung pho bién:
MGi n loai ®37mm vdi khai lugng quy dinh 175 gam.

II. THUC NGHIEM

1. Héa chat va dung cu

- Thudc phong thu hoi (dugc théo ra tif cac loai dan
phdo ¢d I6n: 85mm, 105mm...) da dudc nghién nho co
kich thudc tir 1-5mm.

- Thudc nd Trinitrotoluen cong nghiép (TNT).

- Thudc nd Pentaerylthriol tetranitrat cong nghiép (TEN).
- V6 6ng gidy loai ®37mm

- Khuon duic; dau boi tran chdng dinh.

2. Thiét bi
- Thiét bi gia nhiét tuan hoan nudc néng dén 200°C.

- Cac thhy tinh 250ml, 500ml, 1.000ml va 5.000ml.
- May khudy diia IKA, diia khudy.
- Can ky thuat 2.100 gam.

3. Phuong phap nghién ctru

3.1. Phuang phap ché tao

M6i nd cong nghiép st dung thudc phéng thu héi dudc
ché tao theo phuong phap duc rot. Qua trinh ché tao moi
no dugc thuc hién theo so do cong nghé sau:
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Ko o Bao gdi.
dinh & ban anan

Hinh 1. Phuong an ché tao méi né

3.2. Phuang phap do dac va thi nghiém

- X4c dinh khéi ludng riéng ciia méi né: Theo tiéu chudn
ky thuat quoc gia QCVN 08:2015/BCT - Xac dinh ty trong
ctia mdi nd theo phudng phap khdi Iigng.

- Xac dinh toc do nd: Theo TCVN 6422:1998 Vat ligu nd
cong nghiép - X4c dinh téc do nd.

- Xac dinh kha ndng sinh cong bang bom chi: Theo
TCVN 6423 : 1998 Vat liéu né cong nghiép - Xac dinh kha
nang sinh cong bang bom chi.

- Xac dinh d6 nén try chi: Theo TCVN 6421 : 1998 Vat
liéu nd cong nghiép - Xac dinh do nén tru chi.

- Xac dinh kha nang chiu nudc: Theo tiéu chudn ky
thuat quoc gia QCVN 08 : 2015/BCT clia Bo Cong Thudng
vé mdi nd dung cho thude nd cong nghiép.

1. KET QUA VA THAO LUAN

1. Nghién ctru xac dinh don thanh phan
mdi nd

Mot trong nhiing yéu cdu co ban cta moi nd loai
®37mm dung cho thudc né cong nghiép 1a khéi ludng va
mat do cta mdi nd. Dé danh gia khdi lugng va mat do cua
moi nd, tién hanh st dung thudc nd TNT va thuéc phong
(TP) 1am dan chinh dé nghién ctu. K&t qua mdi nd sau khi
duic rét ddy vao vo moi no thu dudc nhu sau:

Bang 1: Anh hudng thanh phan dén chat lugng san phdm

. . Yéu cau oy an
Ty I Khoi X Mat do
TT | TNT/TP | lugng méi ""”I'n'g:-’gg(g) trung binh | Ghi chii
0, . H 3
% [o37@ | @B | (@om)
1| 2080 | 190,0 Méi chat
ligng kém
o | 3070 | 184,2 dong nhat
3| 40/60 | 1802 1,59
4| 50550 | 1755 | 21750 | 157 'V'O('Ii“’”g
> 1,60 eu
5| 60/40 | 1711 1,55
6| 70/30 | 167,7 Thutc
phong tap
7| 80/20 | 1602 trung 0
day moi

Tu Bang 1 cho thay 6 ty 1& TNT/TP tif 40/60% + 60/40%
cho két qua khoi lugng va mat do gan dat yéu cau so véi
yéu cau vé moi nd cong nghiép, vi thong thudng khéi ludng
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riéng cua thudc phong la 1,58+1,60 g/cm3, con khoi lugng
riéng ctia TNT duc rot thdp hon theo quy dinh 1,60g/cm?.
Qua do cho thdy, dé dat dugc mat do can bo sung thém
thudc no co mat do cao vao trong don thanh phan ciia moi
no. Tac gia lua chon bé sung thém thudc nd TEN co ty
trong 1,77g/cm?, qua tinh todn yéu t6 kinh t6 can bé sung
thém 10% thudc nd TEN vao hén hdp méi né TNT/TP =
50/50%. Két qua ché tao cu thé nhu Bang 2 sau:

Bang 2: Ti Ié toi uu cha don thanh phan

Ty lé Khéi lugng | Mat do Yéu cau
TT | TNT/TP/TEN ]l trung binh | khéi ludng (g) | Ghi cha
(%) ®37 (g) | (g9/cm’) |matdd (g/cm?)
M6i né
1| asa5i10 | 1759 | 161 | =120 | déng
>1,60 déu

2. Nghién ciru Iya chon nhiét dé niu
nong chay

Trén cd s6 nhiét do nong chay cla thudc né TNT, hon
hop méi nd dugc ndu nong chay 6 khoang 100°C dé, sau
do U nhiét xudng gan nhiét do két tinh 80°C rdi duc rot vao
khuon. Do do, hdn hop thudc nd (gdm TNT va TEN) dudc
niu nong chay va tron vdi cac hat thudc phong sé tao
thanh mot khéi dong nhat. Dé xac dinh nhiét do ndu nong
chay t6i uu, ti€n hanh ndu hon hgp thudc nd 6 cac nhiét do
khac nhau va tron véi cac hat thuoc phong. Két qua anh
hudng cua nhiét do ndu dén cong nghé ché tao méi nd
dudc thé hién trong Bang 3.



Bang 3: Anh hudng nhiét do dén qua trinh duc rot 7| Chitieu Phuang phap | Bon | o [
| Trang thai o Thi gian thif nghiém |  thi nghiém | v ‘
7| NPSELE2 | hon hop sau nu | 221 | noan thanh | Ghi chi . [Kndilong | QCWNO8: | 0/ [~1e0| 1o
’ néng chay 1 sén pham riéng 2015/BCT | cmé |~ " ’
Kém Khong Kha nang
1 80 ddng nhat | duc dudc i @37 9 sinh cong TCVN o 350 = 1836
~ ” - y bang 6423-1998 390 '
2| 90 Dong nhdt | Duc tot 5 phut 37 bom chi
3 95 Pong nhat Dic tot 4 phat 37 , .
ong nhé , P 3[T6000NG | o 00 agg | M [27200| 7504
41 100 Dong nhat Duc tot 3 phat 37 3
A 5 P . DO nén tru TCVN
51 105 bong nhat | Duc tot 3 phut ®37 4 ohi 6421-1998 | MM >20 23,4
Tir Bang 3 cho thdy khi hon hdp dudc ndu nong chay 03/03 méau
] nhié’[ﬂd@ |0IJ hdp 990C (\)hO két quév dl]f: rot ’E,6t,_diéu ,dO 5 D6 nhay QCVN | Kipn6 ﬂ:]ué,t;]!ogﬁh
cho thay nhiét do nau cang cao kha nang két tinh sém kich n 08 :2015/BCT s08 N
, I S A L eal e~ toan bang
cua thude nd cham hon so vdi ndu nhiét do thap han. Tuy kip nd s6 8
nhién, trong thanh phan méi né c6 chia thuéc phong tan 03/03 mau
thu, viéc st dung nhiét d6 cao trong qua trinh ché tao lam thd nd hoan
suy giam nhanh hon do an dinh cla thudc phong. Do do 6 Kha nang QCVN i i toan (ngam
lia chon nhiét do ndu néng chay tai uu 1a 90°C. chiu nudc | 08 :2015/BCT msfgﬁ mo
3. Nghién ctru anh hwéng cong nghé dic trong 48h)

rét dén chit lwong sin pham

Vdi diéu klen nhiét d0 da xac dinh néu trén, tién hanh
xac lap cac ché do céng? nghé dic rot khac nhau dé dua ra
phuaong an t6i uu, cu thé nhu sau:

+ Phuong an 1: ThuGc phong dugc dién day trong
khudn, sau d6 rét hon hgp thude nd da nau néng chay 1 1an.

+ Phudng 4n 2: Thudc phong dudc do 3 1&n trong khuon,
xen ké vdi rot hon hop thude nd da ndu nong chay 3 ln.

+ Phudng an 3: Hon hgp mdi nd dudc ndu nong chay
dong thoi, sau do duc rét vao khuon.

Két qua thuc hién cho thdy theo phudng an 1 thi hon
hop thudc nd léng khong tham kip dén day clia méi nd,
nguyén nhan la do hon hap thuoc no long bi ket tinh s6m.
Dai véi phuang an 2, phuang an 3 cho théy thu dugc moi
N dong nhat, dat yéu cu. Tac gia Iva chon phudng an 3
do cong nghé dan gian, thai gian ché 1 san phdm ngan.

4. Két qua thir nghiém tinh ning ciia mdi no
Hinh anh mai nd sau khi ché tao nhu Hinh 2 sau:

Hinh 2: San pham mdi nd ché tao tii thudc phong tan thu
a- mat day, b- mat trén, c- mat cat thi
K&t qua thi nghiém danh gia san phdm dudc thé hién
qua bang sau:

D

Nhu vay mdi nd st dung thudc phong tan thu c6 céc chi
tiéu dap Ung theo yeu cau cuia moi no cong nghlep trong
do mot s chi tiéu thé hién uy Iuc ctia méi nd loai nay cao
hon nhiéu so v6i quy dinh (toc do nd, kha nang sinh cong
va do nén try chi).

IV. KET LUAN
Béng viéc st dung thudc phong thu héi dé lam vat tu
chinh cung véi thudc né TNT, tac gia da ting dung dé xay
dung dudc phudng an ché tao mdi n. Trong do nhiét do
t6i Uu ndu chay hon hop la 90°C, ty Ié khdi ligng cla cac
thanh phan TNT/TP/TEN lan Iugt 1a 45/45/10%. Cac chi
tiéu danh gia clia san pham déu dat yéu cau theo Thong tu

31/2020/TT-BCT cua B Cong thuong.
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CAC PHUONG PHAP TONG HOP KHUNG INDAZOL

BUI THI THANH CHAM'2, PHAN QUOC HUNG?, LUU HUE LINH', TRAN TRA LY', NGUYEN MANH BUC', LE PHUONG THANH',
NGUYEN THI NGOC?, BUI THI LUYEN2, NGUYEN THU QUYNH2, NGUYEN DINH LUYEN', NGUYEN VAN HAI™

1. Trudng Dai hoc Dugc Ha Noi

2. Trudng Bai hoc Y Dugc Théi Nguyén

SUMMARY:
OVERVIEW OF METHODS FOR SYNTHESIZING THE INDAZOLE FRAMEWORK

Indazoleis one of the structural frameworks that exhibit significant biological activities and promising
therapeutic potential, garnering attention from researchers in the field of medicinal chemistry worldwide.
Notable activities associated with indazole include antibacterial, anti-inflammatory, antiviral,
anticancer, antifungal, anti-tuberculosis, antiarrhythmic, anticonvulsant, and antihypertensive effects.
The objective of this review is to summarize the synthesis methods of the indazole framework based
on the classification of starting materials. We have found that the majority of traditional methods used
for indazole framework synthesis include diazotization of ortho-alkyl-substituted aniline, nitration of
N-acetyl derivatives, reaction of substituted salicylaldehyde with hydrazine hydrate, and cyclization
reactions using polyphosphoric acid or iodine. Modern synthetic approaches for the indazole framework
aim to utilize increasingly diverse catalytic systems based on transition metals and optimize reaction

conditions, resulting in greener and more efficient synthesis methods.

Keywords: Indazole, pazopanib, synthesis.

I. GIOI THIEU

Khung indazol dudc phat hién lan dau vao nam 1880
trong qua trinh tong hdp 3-indazolon nhung t6i nam 1883
mdi dugc Emil Fischer phan lap va dat tén[1]. Vé céu tao,
khung indazol chd yéu ton tai 6 2 dang 1H-indazol va 2H-in-
dazol (Hinh 1). Phan (ing ho bién (tautomer héa) giifa 1H-in-
dazol va 2H-indazol co gia tri AG°,,, = 4,1 kcal.mol"' nén
G diéu kién thudng 1H-indazol bén Yon 2F-indazol vé mat
nhigt dong hoc va la dang ton tai chinh trong dung dich[2].

Trong nghién clu phét trién thudc, indazol 1a mot trong
céc khung cdu tric mang nhiéu hoat tinh sinh hoc quan
trong, co trién vong tri liéu cao, dudc nhiéu nha nghién
cliu héa-dugc trén thé gidi quan tdm[1, 2]. Cac hoat tinh
dang chu y bao gom: khang khuén, khang viém[3], khang
virus[4], chdng ung thu[5], khdng nam [6], chong lao[7],
chdng loan nhip tim[8], chdng co giat va chong tang
huyét ap[9]. Nhiéu loai thudc chiia khung indazol da dudc

FDA chép thuan dua vao diéu tri nhu: Granisetron (chat
doi khang 5-HT3, thudc chdng ndn), Lonidamin (chat
khang dudng, diéu tri u ndo)[10], Pazopanib (chat tic ché
tyrosinkinase, diéu tri ung thu biéu mo t€ bao than)[11],
Axitinib (chét tic ché tyrosinkinase, diéu tri ung thu phoi
khong té bao nhé di can)[11], Entrectinib (diéu tri ung thu
phoi khong t& bao nho)[12]. Muc dich cua bai bao nay Ia
tom tat cac phuong phap téng hop khung indazol trén co
s phan loai theo cac nguyén ligu ban dau.

4 3 4

5 N ) 5 o] 3
’N -_— s /NH
& N 6 N 2
7 H' 7 1
1H-indazol 2H-indazol

Hinh 1. Ho bién 1H- va 2H- cha indazol

II. CAC PHUONG PHAP TONG HQP KHUNG INDAZOL

Co 2 cach tao khung indazol la xay dung lién két C-N
(chiém uu the) va xay dung lién két N-N. Nguyén liéu ban
ddu co thé la cac dan chat benzen co 2 nhom thé G vi
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tri ortho (chéng han, o-toluidin, o-nitrobenzaldehyd, o-hy-
droxybenzaldehyd, o-fluorobenzonitril, o-aminobenzox-
im...) hodc pyrazol va cac alkyn. Cac phudng phap co



dién dugc nhiéu tac gia cong b chii yéu gidi han ¢ cac
qua trinh khong cd kim loai chuyén tiép nhu: phan (ing
dong vong [3+2] cua diazomethan véi benzyn[13], phan
ting diazo hoa hodc nitroso hda o-alkylanilin[14, 15], phan
ing amin hoa noi phan td cla o-haloarylhydrazon[16],
phan (ng cong vai hydrazin cla o-haloarylaldehyd hodc
ceton. Cac phuong phap mdi hiéu qua hon dudc cong bd
thudng st dung cac trung gian la ion kim loai (dong, bac,
platin, paladi, rhodi...) hay phi kim (phospho, iod). (16-18).
C0 thé tdng két cac phuong phap téng hdp khung indazol

theo Hinh 2.
L
N
‘2.2 R TMS
R:[@:OW

2.3
Khung
= indazol L |
24
‘\ R‘_\ N¢N,Ar
o
25
R

o

Hinh 2. C4c con dudng tong hop khung indazol

1. Tong hgp indazol tir o-alkylanilin

Phuong phép dudc dua ra bai E. Noelting nam 1904
theo cd ché diazo hoa hodc nitroso hoa vdi nguyén ligu
ban dau la 2-methyl-4-nitro-anilin (1) (Hiéu suat 91%). So
d6 téng hop dugc thé hién trén Hinh 3.

OzN CH3 O2N 2
X L
NH, N

1 2 =

NaNO,
AcOH

Hinh 3. Tong hop indazol tif chat 1 theo Noelting

Do phuang phap co6 uu dlem dan glan dé thuc hién,
hiéu sudt cao nén hién nay van dudc nhiéu nha khoa hoc
ting dung dé téng hop khung 1H-indazol [15]. Nguon nitrit
hiu ca (tert-butyl nitrit, isopentyl nitrit, isoamyl nitrit,...)
€0 xu erdng it dugc st dung hon nitrit vo c0 (NaNO,) do
kho bao quan, dat tién va dé gay chay né hon. Phuang
phap phii hop vai cac dan chat co dang o-alkylanilin va dat
hiéu sudt t6t néu c6 nhom hat dién ti ndm 6 vj tri ortho
hodc para so vai nhom alkyl[19].

Nam 2012, Y. C. Mei va cong su da tdng hgp 3-methyl-
6-nitro-1H-indazol (4) tU nguyén liéu 2-ethyl-5-nitroanilin
(3) bang phan (ng dong vong vdi natri nitrit trong acid

acetic thong qua trung gian mu6i_diazoni. Phan ting ¢
higu suat cao (94%) va tuong doi dé thao tac (Hinh 4)[15].

CHs CHs
O.N NH, ACOH o N
3 4

Hinh 4. Tong hap indazol tii chat 3 theo Mei

2. Tong hop indazol tir phenylhydrazin

Phuong phap dudc dua ra bdi E. F. M. Stephenson nam
1955: Cho acid anthranilic (5) tao muoi diazoni véi NaNO
HCI, sau d6 khit hoa véi H,SO tao dan xuat hydrazin
dun nong 6 trong dung dich Hél dé tao ra chét indazol 7
Hdp chat 7 (nhan indazol ¢6 nhém OH @ vi tri C-3) ciing
la trung gian ddc trung dudc hinh thanh theo phudng phap
nay. Trudng hdp can loai bo nhom OH, c6 thé tién hanh
bang céch: clo hoa 1H-indazol-3-ol (7) véi POCI, trong
pyridin tao ra chat trung gian 8, sau do dehalogen hoa 8
bang HI/P thu dudc 1H-indazol 9 (Hinh 5)[1].

OH

COOH 1 NaNOyHCI COOH HCIL £ 4
NHz HCI N
2. H;50; /HCl -
H a3 N
5 NH 6 H 7, H
lPOCIy’pyridin

cl
N N
g H g N

Hinh 5. Téng hgp indazol tii chat 5 theo Stephenson

G. Palazzo da (ing dung phudng phép trén dé tong hop
thudc Benzydamin (12) va Bendazac (14) thdng qua dan
chat 1H-indazol-3-ol 11. Quy trinh tong hdp nhu sau: cho
acid N-benzyl anthranilic phan ng Vi NaNO/HCI roi khu
v@iNa,S,0, thu dugc dan xudt hydrazin 10. Chat nay ngung
tu dong vong tao dan chét 11. O-alkyl hoa 11 véi 3-cloro-
N, N-dimethylpropan-1-amin (x(c tac natri methylat) thu
dudc 12; hodc vdi cloroacetonitril, xuc tac natri methylat
thu dudc dan chét nitril 13, sau do thay phén trong HCI thu
dugc 14 (Hinh 6)[20].

COOH

Cﬁv©ﬂ

Bendazac {14)

Lo o
NaOMe

Gy

"N,
NaOMe

NMe;

e

Bn
Benzydamin {12)

S j.
P4

Hinh 6. Tong hop bendazac, benzydamin theo Palazzo
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3. Tong hop khung indazol tir dan xuat
o-(trimethylsilyl)aryl triflat

Day la phuong phap méi tong hop khung 1H-indazol
theo ¢d ché phan tng dong vong [3+2] thong qua tién
chat (precursor) benzyn va chuyén vi cta nhom acyl
hodc phosphat... Phudng phap thudng st dung tetra-n-
butylammoni fluorid (TBAF) hodc cac mudi fluorid khac
(nhu CsF) dé tao tién chat benzyn[13, 21-22].

Z. Liu va cong su da tong hop khung indazol tu
o-(trimethylsilyl)aryl triflat (15) c6 mat TBAF (hoac CsF)
¢ nhiét do phong tao ra cac dan chat 17 véi higu suat tu
45-87 % trong diéu kién nhe nhang (Hinh 7)[22].

COsR’
NFCOZR' R 2

R Si{CH3)3
R N
1 H

s OTf TBAF, THF, -78->rt, 20h B &
45.87%

R'= Et, Me

|R=H, Me, OMe, F

Hinh 7. Tong hap indzol tit chat 15 theo Liu

P. Li, G. H. Chen cling cong bo cac phan (ng tdng
hap khung 1H-indazol thé & vi tri 3 nhung st dung tac
nhan 12 a- dlazomethylphosphonat (20) (thay vi diazoeste
(16) qua phan (ing cong vong 1,3-ludng cuc gida cac
q-diazomethylphosphonat véi aryl trong diéu kién on hoa.
0 day nhom phospho dong vai tro tudng tu nhu nhom
acetyl, dugc quay vong sau phan tng (Hinh 8)[13, 21].

9
P(OiPr)z
N, 18 P(O.'F'r)z
TBAF, aceton,0°C
R Si(CHy)s
T
R oTf R’ -P(OCH;),
15 Y 20

R
R
R=H, O(CHZ)O, F CsF MeCN,40°C & H

Al

Hinh 8. Tong hap indzol tif cht 15 theo Li, Chen

4.Tong hgp khung indazol tir diazobenzen

Phudng phap dua trén co ché oxy hoa ién két C-H,
doéng vong qua trung gian iod hodc cdc chét oxy hoa co
ban chét kim loai. Phuadng phap dudc ap dung rat rong
rai dya trén cac hé xdc tac va dung méi khac nhau tao ra
khung 2H-indazol. Nguyén liéu ban dau la diazobenzen,
2-alkynyl-azobenzen, o-alkylazobenzen[23-28].

* Xuc tdc cobal

J. R. Hunnel va cong su da bao cao cac phan ting téng
hdp N-aryl-2H-indazol 23 tU azobenzen 22 va aldehyd nhd
ion kim loai cobal. Phan tng tién hanh trong 1,4-dioxan
4 100°C cho cac san phdm c6 hiéu sudt tu 37-96 %.
Phudng phap cd thé ap dung vGi cac nguyén ligu azo va
oxim (Hinh 9a)[23].

* Xuc tac rheni

Phén,l’jng tudng tu vGi su co mat ion rheni cling dudc
cong bd bai X. Y. Geng dugc thuc hién trong dung moi
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toluen ¢ 150°C cho c4c san pham c6 hiéu sudt tir 18-90%
(Hinh 9b)[24].
(a)
[Cp*Co(CgHg)I[B(CgF5)al2

AcOH
N. _Ar [e)
: T |
© H)LR

1,4-dioxan, 100 °C,5h
22

R= Aryl, alkyl, heteroaryl

R

,
N

(b} 23
Re,(CO)yp, NaOAc
LA 0 PO

toluen, 150 °C

Hinh 9. Téng hop khung indazol tif diazobenzen
véi xuc tac cobal, rheni
* Xice tac rhodi
Theo cong b ndm 2016, phan dng tong hdp dan xuét
2H-indazol (25) cua azobenzen 24 véi aldehyd do T. Jeong
va cong su tién hanh st dung chat xac tac rhodi (IIl) tong
hdp dudc 36 dan chat khung indazol dat hiéu sudt trung

binh dén cao (19-98%) (Hinh 10)[25].
@ [RRCp*Claly, AGSbFs >
@r THL AgOAZ DCE. sgnmo C & N‘@

24 R= OEt, Aryl 25

Hinh 10. Téng hop indazol tir diazobenzen véi xic tac rhodi/Ag
Nghién ctu ctia H. J. Oh va cong su sau d6 cing thu

dugc két qua tuong tu khi cho azobenzen 26 phan (ing véi

sulfoxoni ylid. Diém khéc biét Ia cac tac gia st dung ion Cu

(Il) thay cho Ag (). Hiéu suét clia 41 phan ting tong hap

khung indazol 27 tii 20-95% (Hinh 11)[26].
e}

oxs,""'E

=

+ \\)L
e,
" Nay [RhCpChl, AgStFs - R"
CuCO; Cu(OH), B < @

26 Cu(OAc),, DCE, 110°C 27
R=Me, OMe, t-Bu, Ph, X R R"=H, Me

Hinh 11. Tong hap indazol tii diazobenzen véi xuc tac rhodi/Cu
* Xuc téc Cu/Pd
Theo cach thic tuong tu, W. W. Wei va cong su da
tong hop cac dan xudt 2H-indazol co gan phospho 29 tii
2-alkynyl-azobenzen 28 nhd xuic tac dong/paladi. Qua trinh
hinh thanh lién két C-N va C-P thuc hién trong dung moi
THF (higu suét 47-95%) (Hinh 12)[27].

p~OEt
N, .Ph e "OEt
N + H—#’—OEI M = N—Ph
S OFt CU(CH3CN)4PF(ij =N
28 S Ph DIPEA, THF, 40°C 29

Hinh 12. Téng hdp indazol tif diazobenzen véi xic tac Pd/Cu

(52



* Xc tdc iod

Ngoai cac ion kim loai, iod 1a tdc nhan oxy hoa yéu va
cung la nhém xuét pht hdp cho phan ting nay. X. Yi va cac
cong su da tdng hgp thanh cong khung 2H-indazol 31 su
dung iod & diéu kién don glan khong can kim loai. lod c6
tac dung ho trg chuyen H tli vi tri benzylic sang nitd. Nhom
azo va iod lién két tam thdi sau do dudc loai di, phan td
déng vong tao khung 2H-indazol 31. Phan (ing cho hiéu
suat cao (43-92%) (Hinh 13). Nhém nghién cliu cting thi
tién hanh véi xtic tac Cul va thu dugc ket qua tudng tu[28].

R R
N _Ar
o R 0 ; o
R 120 °C, DCE, 12h “
30 31 R

‘R= Me, Br, COoMe  R'= Me, OMe, CN R"= Me, Ph, COzEt

Hinh 13. Tong hop khung indazol tii diazobenzen st dung iod

5. Tong hop khung indazol tir

o-haloarylaldehyd hoac o-haloarylceton

Day la phuong phap mdi theo co ché ngung tu cac
benzaldehyd thé & vi tri ortho v6i hydrazin va hinh thanh
lién tiép cac lién két C-N. Cac nghién ciiu vé sau s dung
ngay cang da dang céc hé xuc tac kim loai[29-31].

* Xic tac kiém:

K. Lukin va cong su da cho mot s6 dan xudt
o-fluorobenzaldehyd (32) tac dung vdi hydrazin du.
Hydrazin dudc ngung tu véi nhom chic aldehyd; tiép dén
nhom fluor dudc thay thé bdi 1 phan ti hydrazin khac,
dong vong 5 canh nhd lién két N-N tao ra chat trung gian
35; sau cung la tach loai 1 phan tli hydrazin dé tao khung
1H-indazol (36). San pham nguing tu 6 hiéu suat 70-85%
va 6 dang 1H-indazol (Hinh 14). Theo cach tudng tu, nhém
tac gia cing diéu ché dudc khung 1H-indazol 9 bang phan
ling clia fluorobenzaldehyd (37) vdi o-methylhydroxylamin
hydroclorid v6i su c6 mat cla kali carbonat (Hinh 15)[29].

Sy NH2 Ma»—ccc3
N
NoHq

H

36
NoHs
H NHNH):l

s, N
X=Br, Cl, OMe, H.F | X X NH

- =
NH N
| H
34 NH; 35

Hinh 14. Tdng hap indzol tii chat 32 theo Lukin

H

CHO ey
@{ NH,OMe.HCI @\/J\/ CH; NaoHs @f\\"
E KzCO3 F N

37 38 2

Hinh 15. Téng hop indzol tii chat 37 theo Lukin

* Xuc tac paladi:

Nam 2014, E. Dubost va cong su cing tong hdp
dudc khung 1H-indazol (9) ti 2-bromobenzaldehyd
(39) qua 2 giai doan: ngung tu nhom aldehyd 39 vdi
benzophenonhydrazon (40) c6 xuc tac paladi tao 41, sau
d6 dong vong 9 nha p-TsOH G 100°C trong dung moi THF/
H,0. Hai phan ting cla quy trinh déu cho hiéu suat t6t; giai
doan dau 72%, giai doan sau 97% (Hinh 16)[30].

Ph Ph

N
_ N.
PhaC=NNH, N
cHO 40 |
@ C5,C0; H p-TSOH @N
_C:00s | e PTSEN.
Br Pd(OAC) BINAP N’NYPH THF/H,0, N
39 Toluen, 100°C, 16h 41 H gy 100°C. 05h 9

Hinh 16. Téng hdp indzol tii chat 39 theo Dubost

* Xic tac Cul/K,CO,:

Ndm 2018, J. K. Annor-Gyamfi va cong su da tong hop
khung indazol nhd hé xic téc Cul/K,CO,. Déu tién, cho
bromoacetoohenon (hodc bromobenzaldehyd) 42 phan
ing véi mudi hydroclorid cua arylhydrazin hinh thanh
arylhydrazon; sau do, loai H, dong vong theo cd ché thé i
nhén tao dan xuét 1H-indazol 43. Phan (ng dudc xuc tac
bdi Cul, K,CO, co hiéu suat 50-96% (Hinh 17)[31].

O R

O:N R ANHNH; HCI oM A
K,CO3, DMPU, 80°C N
Br ,

42 43 Ar

Hinh 17. Téng hdp indazol tif diazobenzen véi xic tac Pd/Cu

6. Tong hop khung indazol tir nhin

pyrazol va alkyn

* Xuc tdc paladi va phospho hiu co

Ndm 2017, 0. S. Kim va cong su tng hop cac dan
xudt 1H-indazol huynh quang 45 tU dan xuat pyrazol 44 va
cac alkyn thong qua xuc tac paladi véi higu sudt ti trung
binh dén t6t (32-84%). Bang cach thay doi cac loai alkyn
khac nhau, cac tac gia tong hop dudc nhiéu céu truc khac
nhau vé cac nhom thé trén vong benzen dudc mo ta trén
(Hinh 18)[32].

+ R———R" R
Pd(OAc),, P(tBu); HBF 4

R
N\
N R
R R

N B
" K,CO,, PivOH, toluen, 120°C
R

44 45

Hinh 18. Téng hap indazol tif pyrazol véi xic tac paladi
va phospho hifu ca

* Xdc tac paladi va bac
Trong mot cong bo khac, céc tac gia trén da tién hanh
dialkyl hoa chon loc cac pyrazol 46 nhd xic tac Pd(OAc),
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va Ag,CO,. C4c phan (ing dudc tién hanh trong dung moi
1,4- dloxan d 120°C cho higu sudt ti 11-95% (Hinh 19)[33].

fﬁ 200°C ﬁ@[R
“ooe R
48

+ R
_ Pd(OAC AG:C0s

N}

PIVOH 1,4-dioxan, 120°C

Hinh 19. Téng hop indazol tif pyrazol vdi xic tac paladi va bac

7. Tong hgp indazol tir cac nguyéen liéu khac

Ngoai cac phuong phap trén, co thé tdng hop khung
indazol tif nhiéu nguyén ligu khac nhau. Tuy thudc céu tric
dan chat indazol can tong hdp ma st dung cac nguyén liéu
dau vao phu hdp.

* Tong hop indazol tr dan xuét cyclohexanon:

Phuong phdp dudc dua ra bdi 0. Wallach ndm
1903 va dugc ap dung bdi J. Ainsworth trong cong
b6 nam 1957. Nhom tac gia J. Ainsworth va cong su
da tong hop khung 1H-indazol bang cach ngung tu
2-hydroxymethylen-cyclohexanon (49) véi hydrazin thu
dudc 4,5,6,7-tetrahydroindazol (50). Dehydro hoa (thom
héa) chat 50 nhd xc tac Pd/C thu dugc 9 (Hinh 20)[1].

e (b

49 OH

Hinh 20. Téng hop indazol tir chat 49 theo Ainsworth

*Tong hop indazol tif 0-hydroxyarylaldehyd:

Phuong phap nay dudc dua ra bdi P. D. Lokhande ndm
2007 tuong tu nhu phudng phap cua K. Lukin (déu su
dung tac nhan hydrazin) nhung chat tham gia phan (ing
la aldehyd salicylic (51). Day la phuong phap don gian,
hiéu qua cho hiéu suét kha cao. Dung moi s dung la
cac dung moi khong proton nhu DMF (hiéu suét 85%) va
DMSO (hiéu sudt 92%) (Hinh 21)[34].

NaH4 HCI

OH N
‘ EIOH,

51 g
4’?&, e H*/EtOH, &
5]‘0,7 Qo)
2

OH
N
52 N-NH,

Hinh 21. Téng hap indazol tif chat 51 theo Lokhande
* Tong hgp indazol tur dan xudt o-methyloxim va nitril:
K. Lukin va céc cong su da nghién ctiu phan tng
clia mot s0 dan xudt o-methyloxim (54) va nitril (53)
vai hydrazin tao ra 3-aminoindazol (55) thong qua chat
trung gian benzonitril. Két qua dat dudc tuang tu nhu khi

sli dung cd chét 1a o-fluorobenzaldehyd (29% dén 82%)
(Hinh 22)[29].
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Hinh 22. Téng hop indzol tii chat 53, 54 theo Lukin

* Téng hap indazol tu isatin:

S. Kuang tong hap khung 1H-Indazol tU isatin (56) qua
4 budc (Hinh 23): thily phan 56 bang NaOH thu dudc natri
2-(2-aminophenyl)-2-oxoacetat (57). Cho 57 phan (g vi
NaNO,/H,S0, thu dudc mu0| diazoni (58) Tiép tuc khii hoa
58 bang SnCIZ/HCI tao ra cu truc kiéu phenylhydrazin (59)
r0i ngung tu dong vong thu dudc khung indazol (60). Phudng
phap rat hitu ich dé diéu ché acid indazol-3-carboxylic[35].

0. _ONa
o
©j!$‘° NaOH O_ NaNCyH;S04 0
N NH,
56 57

N s
SnCIQJHCIJ B I
COOH
0
Ne—
N NH
H
60 59 ?‘IJHz

Hinh 23. Tdng hop indazol tif isatin theo Kuang

III. KET LUAN

Indazol va céac dan xudt ctia indazol co nhiéu tac dung
dudc ly quan trong. Ti nhitng tai lieu thu thap chung toi
nhan thay phan I6n cac phuong phap truyen thong dudc su
dung trong tong hap khung indazol bao gom diazo hda cac
anilin thé alkyl 6 vi tri ortho, nitro hoa cac dan xudt N-acety!
clia chiing; phan ling clia chét thay thé salicylaldehyd véi
hydrazin hydrat; phan (ing déng vong thong qua acid
polyphosphoric, iod. Cac phudng phap tong hdp khung
indazol hién dai huéng tdi st dung ngay cang da dang cac
hé thong x(c tac dua trén kim loai chuyén tiép va t6i uu
hoa diéu kién phan tng, tao ra cac phudng phap xanh han
va hiéu qua han trong tdng hap.
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NGHIEN CUU TONG HOP MOLNUPIRAVIR TU URIDIN

NGUYEN VAN GIANG!, TRAN THU THUY', TRUONG THI KIM LUGNG', PHAM TH| HJEN', TRAN TRONG DAIZ, NGUYEN THI HUYEN:,
PO HUY HOANG", DA NGUYET SUONG HUYEN', NGUYEN BINH LUYEN', NGUYEN VAN HAI"

SUMMARY:

1. Trudng Bai hoc Dugc Ha Noi

2. Trudng Bai hoc Y Dugc Budn Ma Thudt

3. Trugng Dai hoc Ky thuat y té Hai Duang

4. Trudng Dai hoc Khoa hoc tu nhién, Dai hoc Quac gia H3 Noi

SYNTHESIS OF MOLNUPIRAVIR FROM URIDINE
Molnupiravir (EIDD-2801, MK-4482) is an antiviral drug administered orally for the treatment of
mild to moderate infectious diseases caused by the SARS-CoV-2 virus (COVID-19). In this study, we
synthesized molnupiravir from the starting material uridine with a total yield of 49.7%. This process
utilizes readily available, inexpensive raw materials and chemicals, and the product purification is
achieved through simple methods without the column chromatography.

Keywords: COVID-19, molnupiravir, SARS-CoV-2, uridine.

I. PAT VAN PE

Molnupiravir (1) la mot tién chét ribonucleosid phén
ti nhé cla N-hydroxycytidin, ¢6 tac dung Uc ché qua
trinh sao chép cla virus SARS-CoV-2 nhd lc ché ARN
polymerase phu thuoc ARN (RdRp)[5, 9]. Molnupiravir
dudc Co quan Quan ly thuéc va san phdm cham sdc stc
khoe Anh (MHRA) phé duyét thang 11 nam 2021, sau
do dudc Bo Y té Viét Nam chap nhan vao thang 2 nam
2022 @& diéu tri bénh COVID-19 6 ngudi I6n mic do nhe
dén trung binh([1, 12]. Cac cong bo trén thé gidi cho thay
molnupiravir co thé dudc téng hdp tui cac nguyén liéu dau

|a uridin, cytidin va ribose (Hinh 1)[2-4, 6, 8, 10, 11]. Tuy
nhién, hau hét céc con dudng nay deu su dung phuong
phap sac ky cot dé tinh ché san pham trung gian hodc
san pham cudi. Ngoai ra, mot s0 quy trinh su dung xtc
tac enzym, doi hdi cong nghe cao va kho tiép can @ diéu
klen Viét Nam. Hién nay, chua c6 cong bd chinh thiic nao
vé tng hop molnupiravir ¢ trong nudc. Do do, ching toi
tién hanh nghién ctu tng hdp molnuplrawr vGi muc tiéu:

A

“Tong hap duoc molnupiravir & quy mé phong thi nghiém”.

Steiner va cong su Gopalsamuthiram va cong su
S6 giai doan: 5 S0 giai dogn: 4
Hiéu suat: 61% Hi¢u suat: 44%
Str dung sic ky cot e i St dung sac kv egt
o f’\fo J(f P o P -.," q,Nn
Ho‘x‘:“ },r"”* Painter va cong sw_ HC g -\I Hu vi cing sw HOM s 7 N
/ AN k /¥
HO on® S6 giai doan: 5 CH; o] S6 giai doan: 4 HO DHO
= Higu snat 17% HO  OH Hiéu suit: 63% Cytidine (4
Uridin|(2) Sir dung sac ky cot Molmupiravir (1) ytidine (4)
ung y ; <
Dey va cong sw Vasudevan va ¢ing sy
S6 giai doan: 5 So giai doan: 2
Higu suat: 62% Higu suat: 75%
Swr dung sac ky cot Swr dung sac ky cot
o Str dung xtic tdc enzym
HO‘Af ‘rOH Mtln'lnfjl? va cdng su
. S0 giai doan: 3
HO OH Hiéu suat: 69%
Ribose (3) Sir dung sac ky cot
Str dung xiic tac enzym
Hinh 1. Tém tat cac phudng phap tong hgp molnupiravir da cong bo
Hoa hoc & Ung dung
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II. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

1. Nguyén liéu

Cac hoa chat co ngudn gac tui Anh, Dic, Nga, Trung Quac
va Viét Nam: aceton, acid boric, acid formic, acid hydrocloric,
acid sulfuric, acid toluen-4-sulfonic (PTSA), amoni
hydrosulfat, amoniac, anhydrid isobutyric ((--PrC0),0),
cobalt (Il) clorid, dicloromethan (DCM), ethyl acetat
(EtOAc), hexamethyldisilazan (HMDS), hydroxylamin sulfat,
imidazol, isopropanol (IPA), kali carbonat, kali hydrosulfat,
methanol (MeOH), natri clorid, natri hydrocarbonat, natri
sulfat, n-hexan, nhom clorid, nhua Dowex, nudc cét,
tert-butyl methyl ether (MBTE), tetrahydrofuran (THF),
triethylamin, uridin, 2-methyltetrahydrofuran (2 MeTHF)
4 -dimethylaminopyridin (DMAP) dat tiéu chudn tinh khiét
tong hop (AR).

2. Phwong phap nghién ciru
Tién hanh tong hgp molnupiravir tif nguyén liéu uridin
theo 2 phudng phép (Hinh 2). Theo déi phan (ing bang

phudng phap séc ky I6p mong (SKLM), dudc thuc hién
trén ban mang silica gel F,., (Merck) véi cac hé dung moéi
khai trién: EtOAC - hé A; béM EtOAc MeOH : HCOOH
(6:3:1:0,5) - hé B; DCM : MeOH : HCOOH (18 : 2 :
1) - hé C; quan sat sac ky do dudi budc séng 254nm clia
den tu ngoai.

Danh gia sd bo dd tinh khiét bang khoang nhiét d(f) n(’)ng
chay (t,., At) trén may EZ-Melt (My). Cdu trac cla san
pham dUdC xac dinh bang cac perdng phap pho: khoi
lugng (MS), hdng ngoai IR) va cong hudng tii hat nhan
("H-NMR va C-NMR). Pho ESI-MS dugc ghi trén may
LC-MSD-Trap-SL (Agilent Technolog|es) Pho IR dudc ghi
trén may Shimadzu trong vung 4000 - 400cm-". Pho NMR
dudc ghi trén may Bruker, dung moi DMSO-d, Cac pho
dudgc ghi tai Khoa Hod hoc - Truang Dai hoc Khoa hoc Tu
nhién - Dai hoc Quoc gia Ha Noi va tai Vién Hoa hoc - Vién
Han [am Khoa hoc va Cong nghé Viét Nam.

H

i —= 0 & 0]
(@] N Aceton kd NI (i-PrC0O30
NH R, NH e T
HO/\.(—?" 77/ xtc tic AU 77/ xlic tdc
Ho  on®
H3C><CH3
" la 3a
L rdin (2) i o m 5
o ’/%O (NH,0H), H,50 w9 o 3 N‘OH
I NEHOH), Hanly C2 4 1
HACW)J\ /\QAN —_ . H:C%DAQ‘NYN
NH,HSO;. imidazol, CH. 32 4 2
5 D>11<0 HMDS. 80°C % ° 0150
H;C  CH; H;C  CH;
La aa 44 2a
02 U3b
HCOOH HCOOH
] L. (NH,OH); Hy80y 5
5 o 5 H
6 NH,HSO,. imidazol.
Q = =40 4 4 I
Hee.2 S 4 0 NII/\NZ HMDS. 80°C HC\H}\ £ 0L b Non
CP;" e 2 HCOOH /\(_7‘
%>  y6 og° §5  ue om®
U3a Molnupiravir (1)
""" T omepot  __ oemepor
b Undin (2) — 02 R E— Molnuprravir (1)

Hinh 2. Sa d6 tong hop molnupiravir tif uridin qua 4 giai doan (a) va 2 giai doan (b)

III. KET QUA NGHIEN CUU

1. Tong hop molnupiravir tir uridin qua
4 giai doan

Tong hdp 2', 3-0- /sopropylldenurld/n (u1)

Trong binh c4u m6t ¢6 100ml, thém 1,009 (4,10mmol)
uridin va 28,0ml aceton. Hon hdp dudc tron déu bang may
khudy tui, roi nho thém 1 giot dung dich H,SO, dac. Duy tri
khudy trong 2,5 gid @ nhiét do phong dé phan ting dién ra

hoan toan. Sau khi két thiic, trung hoa hon hdp bang K,CO,
khan. Loc loai K,CO,, thu dich loc roi ¢ quay loai dung
moi dén can. Hoa tan can bang nudc cat, thém NaCl dén
bao hoa rdi loc lay dich trong. Chiét vdi THF (15,0ml/lan
x 3 1an), gop thu dich THF va riia lai bang dung dich NaCl
bdo hoa lanh. Lam khan dich THF bang Na,SO,, cét quay
loai dung moi dén can. Hoa tan can trong 3,0ml aceton,
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dé aceton bay hai tii tui thu dugc chat rén két tinh. Loc, ria
tla bang MTBE va sdy kho dudi dén hdng ngoai thu dudc
chat ran mau trang c6 khdi ludng 1,00g, hiéu sudt: 85,9%:;
t 1604 - 161,2 °C; R, = 0,30 (hé A). ESI-MS (m/2):
306,9 ((M-+Nal); 2828 ([M-H]) (CTPT: cmeN 0, M =
284,27). IR (KBr), v (cm): 3248 (N-H imid, 0 ) "2986,

2938, 2901 (C-H no); 1707, 1672 ( 0); 1279, 1123
(C-0). "H-NMR (600MHz, DMS0-d,), & (ppm): 1 ,35(

s, H-3); 7,78 (1H, d, J = 7,8Hz, H-6); 5,83 (1H, d, J =
3,0Hz, H-1); 5,63 (1H, d, J = 7,8Hz, H-5); 5, 7 (H, s,
0-H); 4,89 (1H, dd, J = 6,6Hz, J,= 3,0Hz 2’), 4,74
(1H, dd, J, = 6,6Hz, J, = 3,0Hz H-3); 4 (H, a
J = 4,2Hz, H-4); 3,60 - 356(2HmH5), 48 (3H, s,

H-2a); 1,28 (3H, s, H-3a). "*C-NMR (150MHz, DMS0-d,), 6
(ppm): 163,15 (C-4); 150,32 (C-2); 141,87 (C-6); 112,96
(C-1a); 101,71 (C-5); 91,10 (C-1°); 86,48 (C-4’); 83,66 (C-
2'); 80,46 (C-3'); 61,25 (C-5'); 27,02 (C-2a); 25,16 (C-3a).

Khdo sdt anh huidng cta xuc tdc dén thdi gian va hiéu
sudt phan ting:

Tién hanh céc phan ting 6 nhiét do phong hoéc 45 - 50°C
(d6i véi xuc tic KHSO, va NH,HSO,) véi 1,00g uridin,
28,0ml aceton va xuc tac tuong ung.

Bang 1. Anh hudng ctia xtc tac dén thdi gian va hiéu suat

phan (ing tao U1

- Thdi gian | Hiéu suat - .
STT | Xictde | oo tie | (o) £ (C) | At(C)
1 | H,S0,98% | 25¢i0 | 859 |1604-1612| 08
HCI 36 - .
2 28% 35¢id | 71,3 |154,7-157,9| 3.2
3 KHSO, | 72gid & 47,3 |159,2-163,0| 3,8
KHSO .
4 (45_5010) 20gi6 | 64,4 |156,6-158,9| 2,3
5 | NHHSO, | 340 | 60,1 |1624-164,3| 1,9
NH,HSO .
6 (45-45006) 6 gid 747 1163,1-164,7| 1,6
Nhua N
7| Dowex | 4200 | 558 11621-1633| 12
8 PTSA 4 gio 68,7 |160,0-160,4| 0,4
Tong  hop  ((3aR.4R.6R6aR)-6- (2 4-dioxo-34-

dihydropyrimidin-1(2H)-yl)-2,2-dimethyl-tetrahydrofuro[3,4-d]
[1,3]dioxol-4-yl)methyl isobutyrat (U2) tir U1

Str dung xtic tac base DMAP/Et.N

Hoa tan 1,00g (3,52mmol) U1 vao 24,0ml aceton trong
binh cdu mot c6 100ml. Bo sung 2,5ml Et,N va 0,039
(0,12mmol) DMAP, khudy trén déu hon hop den tan hoan
toan. Sau khi 1am lanh binh cu trén xudng 0 - 5°C, nho tu
tUi ting giot anhydrid isobutyric (0,76ml, 4,58mmaol). Duy
tri khudy trong 45 phat 6 nhiét d6 phong. Sau khi két thuc,
cat quay loai dung moi dén can. Bo sung 16,0ml nudc cét
vao binh chda can, roi thém 16,0ml dicloromethan (DCM),
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chuyén hén hdp vao binh chiét. Tién hanh chiét pha nudc
véi DCM (16,0 mi/lan x 3 1an). Gop, ria pha DCM véi dung
dich NaHCO, bdo hoa (2 lan), dung dich NaCl bdo hoa (2
Ian) va nudc cat (3 1an). Lam khan dich DCM bang Na,S0,,
cat quay loai dung moi thu dugc chat déo dinh trong suot
khong mau c6 khéi lugng 1,179, hiéu sudt: 93,9%; R, =
0,64 (hé A), 0,61 (hé B). ESI-MS (m/2): 355,0 ([M+H]*)
(CTPT: C,H,N,0,, M = 354,36). IR (KBr), v (cm™):
3401 (N-H imid); 2980 (C-H no); 1688 (C=0). 'H-NMR
(600MHz, DMS0-d,), 6 (ppm): 11,41 (1H, s, H-3); 7,69
(1H, d, J = 7,8Hz, H-6); 5,80 (1H, d, J = 1,8Hz, H-1");
5,65 (1H, dd, J, = 7,8Hz, J, = 0,6Hz, H-5); 5,05 (1H,
dd, J, = 6,6Hz, J, = 1,8Hz, H-2'); 4,81 - 4,80 (1H, m,
H-3'); 4,27 - 4,19 (3H, m, H-4’, H-5’); 2,58 - 2,54 (1H, m,
H-2b); 1,50 (3H, s, H-2a); 1,31 (3H, s, H-3a); 1,09 (6H,
d, J = 7,2Hz, H-3b, H-4b). *C-NMR (150MHz, DMS0-d,),
é (ppm): 175,91 (C-1b); 163,30 (C-4); 150,32 (C-2);
);
);

142,80 (C-6); 113,35 (C-1a); 101,81 (C-5); 92,65 (C-1);
84,29 (C-4'); 83,74 (C-2); 80,81 (C-3"); 63,82 (C-5);
33,13 (C-2b); 26,94 (C-2a); 25,13 (C-3a); 18.71 (C-3b,

C-4b).

Khao sat anh hudng cla ti 18 mol anhydrid isobutyric
: U1 dén hiéu suat phan tng: Tién hanh céc thi nghiém
G nhiét do phong véi 1,00 g U1, thay dai lugng anhydrid
isobutyric thu dugdc két qua ¢ Bang 2.

St dung xtic tac acid

Trong binh cdu hai c¢6 dung tich 100 ml, thém 1,00g
(3,52mmol) U1, 0,20g (1,76mmol) NH, HSO 2,0ml
aceton va 1,76ml (10,61mmol) anhydrid |sobutyr|c Lap
sinh han thang rdi dun nong tui tif hon hop phan tGng dén
110°C. Duy tri khudy trong 2 gi6 6 110°C dé phan (ing
dién ra hoan toan. Sau khi két thiic, 1am ngudi phan Gng
vé nhiét do phong. B6 sung 10,0ml nudc cét rdi trung hoa
hon hop thu dudc bang dung dich NH, 25% dén pH 7 - 8.
Chiét pha nudc véi DCM, tach lay pha hiu co (16,0ml/lan
x 3 lan). Gop, riia pha DCM véi dung dich NaHCO, béo
hoa (2 lan), dung dich NaCl bao hoa (2 lan) va nudc cat (3
an). Lam khan dich DCM bdng Na,S0,, rdi cét quay loai
dung méi thu dudc chat déo dinh trong sudt, khong mau
c6 khdi ludng 1,159, hiéu suét: 92,3%; R, = 0,64 (hé A),
0,61 (hé B).

Khao sat anh hudng cua xuc tac acid dén hiéu suat
phan (ing tao U2:

Tién hanh céc thi nghiém ¢ nhiét do phong (doi véi
H,S0,) hodc 110°C v6i 0,509 chét U1, 1,16ml (i-PrC0),0
va cac XUc tac tudng tng. Két qua thu dudc 6 Bang 3.

Khao sat anh hudng cua ti 18 mol anhydrid isobutyric :
U1 dén higu suat phan tng:

Tién hanh cdc thi nghiém 6 110°C véi 1,00g U1, 0,20g
NH,HSO,, thay d6i lugng anhydrid isobutyric thu dugc két

qua & Bang 4.



Bang 2: Anh hudng ctia cta ti I1é mol anhydrid isobutyric : U1 dén
hiéu suat phan (ing tao U2 sti dung xiic tac base DMAP/Et3N

Thé tich Ti 16 mol Khai lugng Hiéu

STT | (i-PrC0),0 (i-Pr0).0 : U1 san pham U2 | suat
(ml) 7 (9) (%)

1 0,64 1,1:1 0,81 65,0

2 0,70 1,2:1 1,00 80,2

3 0,76 1,3:1 1,17 93,9

4 0,82 1,4:1 1,16 93,1

5 0,87 1,5:1 1,17 93,9

Bang 3: Anh hudng ciia xiic tac dén hiéu suat phan ting tao U2
sti dung xuc tac acid

g Lo Khdi | Hiéu
- Sac ki 16p mong ‘e
STT | Xuc tac PR lugng | suat
theo doi phan ting U2(0) | (%)
- Hét vét nguyén liéu
1 H,S0, |- Xuat hién vét tap thiy phan | 0,27 | 43,3
(U3a) dam
- V&t nguyén liéu con dam
2 AICI, |- Xuat hién vét tap thiy phén | 0,36 | 57,8
(U3a)
- V&t nguyén liéu con dam
3 CoCl, |- Xudt hién vét tap thiy phan | 0,39 | 62,6
(U3a)
- V&t nguyén liéu con dam
4 | HBO, |-Xuéthién véttapthiy phan | 0,34 | 54,6
(U3a)
- V&t nguyén liéu ma
5 | KHSO, |- Xuat hién vét tap thiy phan | 0,53 | 85,0
(U3a)
- Hét vét nguyén liéu
6 | NH,HSO, |- Khong xudt hién vét tap 0,57 | 915
thiy phan

Bang 4: Anh hudng ctia cia ti 18 mol anhydrid isobutyric
: U1 dén hiéu suat phan (ng tao U2 sii dung xiic tac acid

NH4HS04
STT | . Thé tich Tile mol 7Kh6l lugng | Hiéu suat
(~-PrC0),0 (ml) | (i-PrC0),0: U1 | san pham U2 (g) (%)
1 1,18 2,0:1 0,74 59,4
2 1,46 2,5:1 0,87 69,8
3 1,76 3,0:1 1,15 92,3
4 2,04 3,5:1 1,13 90,6
5 2,34 40:1 1,16 93,1
Tong hap ((2R,3S,4R,5R)-5-(2,4-dioxo-3,4-

dihydropyrimidin-1(2H)-yl)-3,4-dihydroxy-tetrahydrofuran-2-
yl)methyl isobutyrat (U3a) tir U2

Trong binh c4u mot c6 100 ml chia 0,63g (1,78mmol)
uz, bo sung 5,0ml dung dich acid formic 88%. Khudy tron
hon hdp @ nhiégt do phong trong 6 gid. Sau khi két thic,
lam lanh hon hgp xudng 0 - 5°C, trung hoa bang dung dich

NH, 25% dén pH 7 - 8. Dich nudc dudc Iac véi THF (10,0ml/
Ian x 3 lan). Gop, rtia pha THF véi dung dich NaCI bdo hoa.
Dich pha THF dudc [am khan bang Na,S0,, ri cét quay loai
dung méi thu dudc chat déo dinh trong suot khong mau,
c0 khoi ludng 0,42 g, higu suat: 75,2%: R, = 0,40 (hé B).
ESI-MS (m/2): 314,9 ([M+H] ) (CTPT: C HN,0,, M =
314,29). IR (KBr), v (cm™): 3396 (N-H |m|d 0 ) 1686
(C=0). 'H-NMR (600MHz, DMSO-d)), o (ppm) 11,24 (1H

s, H-3); 7,53 (1H, d, J = 7,8Hz, H- -6); 5,67 (1H, d, J
3,0Hz, H-1); 5,58 (1H, d, J = 7,2Hz, H-5); 5,30 (1H,
0H-C2); 5,23 (1H, s, OH-C3’); 4,18 - 4,10 (2H, m, H-
H-3'); 4,00 - 3,87 (3H, m, H-4’, H-5'); 2,51 - 2,43 (1H,
m, H-2b); 1,02 (6H, d, J = 66Hz H-3b, H-4b). 3C-NMR
(150MHz DMSO0-d), o (ppm). 176,02 (C-1b); 163,12
(C-4); 150,62 (C-2); 140,71 (C-6); 102,01 (C-5); 88,86
(G-1"); 81,13 (C-4); 72,84 (C-2'); 69,74 (C-3’); 63,66
(G-5"); 33,22 (C-2b); 18,81 (C-3b); 18,78 (C-4b).

Téng hop molnupiravir tii U3a

Trong binh céu hai c6 100ml, thém 0,05g (0,73mmol)
imidazol va 2,24ml (10,97mmol) HMDS. Dun néng hon
hap Ién 76°C, dong thai khudy tron déu trong 30 phut tinh
tif thoi diém dat nhiét do 76°C. Bo sung vao khdi phan ting
0,389 (3,30mmol) NH,HSO,. Sau 30 phat, thém 0,339
(2,01mmol) (NH,0H), A SO Sau 30 phut tiep theo, hoa
tan 0,429 (1 34 mmol) U3a trong 2 - 3ml DCM r6i chuyén
vao binh cau trén. Duy tri hon hdp trong 8 gid ¢ nhiét do
75 - 80°C, theo doi phan ting bang SKLM vdi hé dung moi
C (R, i = 0,60). Sau khi phan tng két thuc, thém
5, OmI nuoc cat va 5,0ml n-hexan vao binh cdu réi chuyén
khoi phan (ing qua binh gan. Tién hanh chiét Iay pha hiu
c¢d (5,0ml/lan x 3 1an), gop va ria dich pha n-hexan véi
nudc. Dich pha n-hexan dudc phan ting véi dung dich acid
formic 88% @ nhigt do phong trong 18 gid. Sau khi két
thiic, tach Iy pha nudc, lam lanh xudng 0 - 5°C rdi trung
hoa bang dung dich NH, 25% dén pH 7 - 8. Dich nudc
dugc lac vai THF (10, OmI/Ian x 3 1an), tach lay pha hiu ca.
Gop va rifa pha THF vdi dung dich NaCl bao hoa. Sau do,
dich THF dudgc 1am khan bang Na,S0,, cat quay loai dung
moi roi thém 2,0ml MTBE dé ket tlnh qua dém. Loc, rda
bang MTBE va sdy khd dudi dén hong ngoai thu dugc chét
ran mau trang, khoi lugng: 0,26 g, hiéu suat: 59,1%; t
158,1 - 1603 °C; R, = 0,33 (hé B). "H-NMR (500MHz
DMS0-d)), 5 (ppm): 10 02 (1H, s, -NH-0H); 9,52 (1H, s,
N H 6§3 (1H, d, J = 8Hz, H-6); 5,72 (1H, d, J = 5,5Hz,

) 559 (1H d J = 8,5Hz, H-5); 5,37 (1H, d, J =
4,5Hz, 0H-C2’); 5,22 (1H, s, OH-C3"); 4,23 - 4,13 (2H,
m, H-2', H-3’); 4,02 - 3,93 (3H, m, H-4’, H-5"); 2,59 -
2,51 (1H, m, H-2b); 1,11 (6H, d, J = 6,5Hz, H-3b, H-4b).
3C-NMR 125MHz DMS0-d,), o (ppm): 176,44 (C-1b);

9 );
3);

S,
2,
H

(
149,89 (C-2); 143,77 (C-4); 130,35 (C-6); 99,22 (C-5
88,22 (C-1"); 81,17 (C-4’); 72,43 (C-2); 70,40 (C-
64,33 (C-5'); 33,64 (C-2b); 19,24 (C-3b); 19,22 (C-4b).
Tong hop  ((3aR.4R,6R,6aR)-6-(4-(hydroxyamino)-2-
oxopyrimidin-1(2H)-yl)-2,2-dime-  thyltetrahydrofuro[3,4-d]
[1,3]dioxol-4-yl)methyl isobutyrat (U3b) tir U2
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Trong binh c4u hai ¢6 100ml, thém 0,05g (0,73mmol)
imidazol va 1,64ml (7,82mmol) HMDS. Dun ndng hon hgp
|én 76°C, dong thoi khudy tron déu trong 30 phat tinh ti
thoi diém dat nhiét @6 76°C. Bo sung vao khéi phan ting
0,479 (4,08mmol) NH,HSO,. Sau 30 phat, thém 0,389
(2,32mmol) (NH,0H), H SO Sau 30 phut tiép theo, hoa
tan 0,559 (1 55mm0|) U2 trong 2 - 3ml DCM r6i chuyén
vao binh cau trén. Duy tri hon hgp phan ting trong 11 gid
4 nhiét d¢ 75 - 80°C. Sau khi két thac, 1am ngudi phan ting
vé nhiét do phong. B6 sung 8,0ml nudc cat vao binh phan
(ing, trung hoa hdn hop thu dudc bang dung dich NH, 25%
dén pH 7 - 8. Tién hanh chiét pha nudc véi DCM, tach lay
pha hiiu cd (10,0ml/lan x 3 1an). Gop, ria pha DCM vdi
dung dich NaCl béo hoa (2 I&n) va nudc cat @ lan). Sau
do, lam khan dich DCM bang Na,S0,, roi cat quay loai
dung moi thu dugc can. Hoa tan can bang aceton, thém
nudc cat dén khi dich duc roi khudy & nhiét do phong
trong 5 gid thu dudc hon dich vdi két tia mau trang. Loc,
riia ta bang nudc cat va sdy kho dudi den hdng ngoai thu
dudc chat ran mau trang c6 khdi lugng 0,39g, hiéu suat:
68,0%; t°: 159,6 - 161,0°C. R, = 0,51 (hé B). ESI-MS
(m/2): 367,9 ([M-H]") (CTPT: C,H,N,0,, M = 369,37).
IR (KBr), v (cm™): 3261 (N-H, 0-H); 2983 (C-H no); 1745
(C=0 este); 1665 (C=0 amid); 1280, 1153, 1084 (C-
0). 'H-NMR (600MHz, DMSO-d,), 5 (ppm): 10,06 (1H
s, -NH-0H); 9,64 (1H, s, N-H); 6,88 (1H, d, J = 7,8 Hz,
H-6); 5,71 (1H, d, J = 2,4Hz, H-1"); 5,56 (1H,d, J = 7,8
Hz, H-5); 4,94 (1H, dd, J, = 6,6Hz, J, = 2,4Hz, H-2);
4,75 (1H, dd, J, = 6,6Hz, J, = 4,2Hz, H-3'); 4,23 - 4,13
(2H, m, H-5"); 4,12 - 410 (1H, m, H-4’); 2,58 - 2,53
(1H, m, H-2b); 1,47 (3H, s, H-2a); 1,29 (3H, s, H-3a);
1,08 (6H, d, J = 7,2Hz, H-3b, H-4b). *C-NMR (150MHz,
DMSO0-d,), 6 (ppm): 175,93 (C-1b); 149,08 (C-2); 143,29
(C-4); 131,92 (C-6); 113,41 (C-1a); 98,69 (C-5); 91,23
(C-1"); 83,10 (C-2’, C-4’); 80,58 (C-3’); 63,82 (C-5);
33,07 (C-2b); 27,00 (C-2a); 25,18 (C-3a); 18,74 (C-3b);
18,72 (C-4b).

Tong hap molnupiravir tir U3b

Trong binh ciu mét c6 100ml, thém 0,80g (2,17mmol)
U3b va 6,0ml dung dich acid formic 88%. Duy tri hon hop
trong 20 gid G nhiét do phong dé phan tng dién ra hoan
toan. Sau khi két thac, 1am lanh hon hop xuéng 0 - 5°C
roi trung hoa bang dung dich NH, 25% dén pH 7 - 8. Dich
nudc dudc lac vai THF (12, OmI/Ian x 3 lan), tach ldy pha
hiiu co. Gop, ria pha THF vdi dung dich NaCl bao hoa.
Dich pha THF dudc 1am khan bang Na,S0,, cét quay loai
dung moi roi thém 3,0 ml MTBE dé két tlnh qua dém. Loc,
riia tinh thé bang MTBE va sdy kho tUa dudi den hdng
ngoai thu dudc chat ran mau trang, khoi ludng: 0,53g, hiéu
sudt: 74,3%; t°, : 159,1 - 161,5°C; R, = 0,33 (hé B).

Khao sat anh hudng clia dung moi tinh ché dén hiéu
suat phan ting thiy phan U3b:
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Bang 5: Anh hudng ctia dung mai tinh ché dén hiéu suat phan
ting thily phan U3b

.| Higu
SKLM}hgo 7dm qgatrmh sudt | ©_(C) .,At
XU ly san pham (%) ne (’C)

TT | Dung méi

160,0 -

Pha nudc co vét san 474 , 13

pham dam

- Pha hiiu co c6 vét san
phdm dam.

- Khong quan sat thdy vét
san pham § pha nudc.

161,3

Pha nudc co vét san
pham dam

- Pha hiiu co c6 vét san
phdm dam.

- Khong quan st thay vét
san pham § pha nudc.

158,8 -

740 1 1607

2. Téng hop molnupiravir tir uridin qua
2 giai doan
2.1. Téng hop “one-pot” U2 ti uridin

Trong binh ciu mét c6 100ml, thém 1,009 (4,170mmol)
uridin va 28,0ml aceton. Hon hop dudc tron déu bang
méy khudy tui, roi nhd thém 1 giot dung dich H,S0, ddc.
Theo doi phan ting bang SKLM vdi hé dung m0| A Sau
khi két thac, thém vao khoi phan tng 6,8ml Et,N va 0,03g
(0,012mmol) DMAP r6i lam lanh xudng 0 - 5°C. Sau d6, nho
tli tUf tiing giot anhydrid isobutyric (1,00ml, 6,14mmol). Tiép
tuc khudy déu hon hgp trong vong 45 pht @ nhiét do phong
dé phan ting dién ra hoan toan. Sau khi két thiic, cat quay
loai dung mai dén can. Bo sung 16,0ml nudc cét vao binh
chtfa can, réi thém 16,0ml dicloromethan (DCM), chuyén
hon hop vao binh chiét. Tién hanh chiét pha nudc véi DCM
(16,0ml/lan x 3 1an), tach Idy pha hiiu cd. Gop, riia pha DCM
vai dung dich NaHCO, bao hoa (2 an), dung dich NaCl bao
hoa (2 lan) va nuoc cat (3 1an). Sau do, lam khan dich DCM
bang Na,S0,, réi cat quay loai dung méi thu dudc chét déo
dinh trong suot khong mau c6 khdi lugng 1,33g, hiéu suat:
91,7%; R, = 0,64 (hé A), R, = 0,61 (hé B).

2.2. Tﬁng hap “ane-pot" molnupiravir tir U2

Trong binh céu hai c6 100ml, thém 0,13g (1,91mmol)
imidazol va 3,94ml (18,80mmol) HMDS. DBun néng hon
hdp lén 76°C, dong thdi khudy tron déu trong 30 phut tinh
tli thdi diém dat nhiét do 76°C. Bo sung vao khéi phan ting
1,089 (9,38mmol) NH,HSO,. Sau 30 phut, thém 0,929
(5,60mmol) (NH,OH), i SO Sau 30 phuit tiep theo hoa
tan 1,33g (3 75mmol) 1) trong 2 - 3 ml DCM r6i chuyén
vao binh cau trén. Duy tri hdn hdp phan Gng trong 11 gio
G nhiét do 75 - 80°C, theo ddi phan (ing bang SKLM véi
hé dung moi. Sau khi phan ting két thic, bo sung thém
10,6ml dung dich acid formic 88%. Hon hdp dudc tron
déu bang may khudy tui trong 20 gid & nhiét do phong dé
phan ting dién ra hoan toan. Sau khi két thiic, 1am lanh hon



hdp trong binh cau xudng 0 - 5°C, roi trung hoa bang dung
dich NH, 25% dén pH 7 - 8. Dich nudc dudc lac vdi THF
(20, 0m|7|an x 3 lan), tach lay pha hiu co. Gop, rlia pha THF
vdl dung dich NaCl bao hoa. Pha THF dugc lam khan bang
Na,S0,, cét quay loai dung moi rdi thém 5,0ml MTBE dé
ket tlnh qua dém. Loc, ria tla bang MTBE va say kho tua
dudi den hdng ngoai thu dudc chat ran két tinh mau trang,
khéi ludng: 0,679, hiéu sudt: 54,2%; o : 160,5 - 162,4°C;
R, = 0,51 (hé B). ESI-MS (m/2): 351,9 ([M+Na]*); 327,9
(IM-H]") (CTPT. C H,N.O,, M = 329,31). IR
(cm™): 3499, 3375, 3125 (N-H, 0-H); 2974 (C-H no);
1735 (C=0 este); 1641 (C=0 amid); 1279, 1193, 1122
(C-0). 'H-NMR (600MHz, DMSO-d,), 6 (ppm): 10,00 (1H,
S, -NH-0H); 9,48 (1H, d, J = 1,2Hz, N-H); 6,82 (1H, d,

J = 8,4Hz, H-6); 5,71 (1H, d, J = 5,4Hz, H-1’), 5,58
(1H, dd, J, = 7,8 Hz, J,= 1,8 Hz, H-5); 5,34 (1H, d,
J = 5,4Hz, OH-C2); 5,20 (1H, d, J= 5,4Hz, OH-C3’); 4,21

(1H, dd, J, = 12Hz, J, = 3,6Hz, H-2'); 4,13 (1H, dd, J,
= 12Hz, J,= 5,4Hz, H-3'); 4,00 (1H, g, J = 5,4Hz, H-4');
3,94 - 391 (2H, m, H-5°); 2,57 (1H, sept, J = 7,2Hz,
H-2b); 1,10 (6H, dd, J, = 7,2Hz, J, = 1,2Hz, H-3b, H-4b).
3C-NMR (125MHz, DMSO dé), o (ppm) 175,93 (C-1b);
149,38 (C-2); 143,27 (C-4); 129,86 (C-6); 98,72 (C- 5),
87,73 (C-1°); 80,68 (C-4’); 71,93 (C-2'); 69,91 (C-3");
63,84 (C-5’); 33,15 (C-2b); 18,76 (C-3b); 18,73 (C-4b).

Ban luan

Trong glal doan cetal hoa, su dung xuc tac H,S0, dac
cho thoi gian phan ting ngan nhat vdi higu suat tao san
pham cao nht (Bang 1). Bén canh do, khi xt ly san ph\am
theo phuang phap cua tai ligu[7]: trung hoa phan ting bang
dung dich NH,, sau do cat quay loai dung mai aceton roi
dé két tinh, chung t6i nhan thay ¢6 mot lugng uridin du két
tinh cling U1 dan dén san phdm khong tinh khiét. Chinh
vi vdy, nhém nghién cliu da stii dung phuong phép chiét
long - 16ng gitia hai pha THF va nudc mudi bao hoa dé tach
uridin ra khoi U1.

Bén canh xuc tac DMAP/EtBN, nhom nghién cliu da
khao sat mot so acid lam xuc tac cho phan (ing acyl hoa.
Két quathUC nghlem cho thdy DMAP/Et,N va NH,HSO, cho
hiéu suét phan ting cao trén 90%, c4c xic tc acid khac
cho hiéu thap hon ¢c6 thé do nguyén liéu khong phan (ing
hét hodc gay thlly phan vong acetonid (Bang 3). Ngoai ra,
khi st dung xuc tac base, ty 18 mol anhydrid : U1 =1,3: 1
cho két qua hiéu suat t6t nhat (Bang 2), trong khi do, ty 18
nay 1a 3,0 : 1 khi sti dung xdc téc acid (Bang 4).

Trong phan (ting thly phan tao molnupiravir, khi tién
hanh tinh ché bang phudng phap chiét theo tai liéu[6],
nhom nghién clu nhan thay molnupiravir tan kém trong
ethyl acetat, do do, can thuc hién chiét nhiéu 1n gay ton
thdi gian va chi phi san xuat. Do do, ching toi da khao sat
mot sO dung moi va quyét dinh Iya chon THF la dung moi
dé tinh ché san pham.

Dang chi y 1a, trong nghién cuu nay, chung toi da tong
hop dugc truc tiép san phadm U3b ti U2 ma khong can di
qua giai doan trung gian nhu céc tai liéu [2, 8] da cong bo.

(KBr), v

Trén cd sd cac khao sat da thuc hién, nhom nghién ciiu
tién hanh tong hgp molnupiravir qua 2 giai doan “one-pot”,
nham muyc dich nang cao hiéu suat tong hop, don gidn hoa
thao tac, rat ngan thai gian va tiét kiém chi phi san xudt.

Khi thuc hién phan dng “one-pot” dé tong hdp U2 thi
thao tac don gian hon, thu dudc san pham véi higu suat
91,7%, cao hon dang ké so vdi phudng phap di qua hai
giai doan cetal héa va acyl héa (80%), do khong cén tinh
ché giai doan trung gian va san pham U1 kho két tinh hoan
toan. Tuy nhién, san phdm phu clia phan tng cetal hoa la
nudc, do do lugng anhydrid isobutyric can dung dé acyl
hoa trong quy trinh “one-pot” nhiéu hon phan ting acyl
hoa truc tiép tir U1 (ti 1& mol (-PrG0),0 : uridin = 1,5: 1,
(-PrC0),0:U1 =13:1).

Trong qué trinh tng hap molnuplrawr ti U2, tién hanh
phan Ung qua trung gian U3b cho hiéu sudt cao hon va giup
rat ngan mot giai doan so véi con dudng tong hdp qua chat
trung gian U3a. Tu d6, nhém nghién cdu thuc hién phan
{ing “one-pot” qua U3b dé tdng hap molnupiravir, quy trinh
nay cho san pném vGi hiéu suat 54,2%, cao han so Véi
phudng phap tong hgp qua hai giai doan hydroxylamin hoa
va thiy phan (50,5%).

IV. KET LUAN

Nhu vay, chung t6i da tong hop dugc molnupiravir tu
nguyén liéu uridin 6 quy mé phong thi nghiém dat higu
sudt dén 49,7%, trong d6 da rat ngan dudc giai doan phan
{ing, gitp nang cao hiéu suét tong hop, don gian hoa thao
téc thuc hién, tiét kiém thdi gian va chi phi san xuat. Nghién
cliu nay cing da chi ra mot s6 diém mdi nhu: acyl hoa tao
ester U2 bang xdc tac acid; tdng hap chét trung gian U3b
ti U2 theo phuong phdp mdi; tim ra dung moi dé tinh ché
san phém U1 va molnupiravir cho higu suét cao; tinh ché
san pham bang cac phudng phap don gian ma khong can
sli dung sac ky cot.
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NGHIEN CUU BAO QUAN QUA VAI THIEU SAU THU HOACH BANG MANG CHITOSAN
HOAC FIBROIN KET HOP V01 CHIET SUAT LA CHE TUOI

BUI THI LE THUY

Nhom nghién ciiu manh HUMG-GCP (Nghién ciiu qud trinh héa hoc xanh)

SUMMARY:

Dai hoc Mo Dia chat Ha Nai

POSTHAVEST PREVERVATION OF LITCHI BY COATING WITH MEMBRANES
FROM CHITOSAN OR FIBROIN COMBINED WITH EXTRACTS OF GREEN TEA
LEAVES

In this work, prevervatives were prepared from acidic solutions of chitosan or fibroin combined with
extracts of green tea leaves. Litchi (Litchi chinensis Sonn) fruits were dipped in those prevervatives
and stored at 5°C and and relative humidity of 90-95%. Tween-80 was used to improve the dispersity
of extracts in the solutions. The results showed that extract-chitosan films extended shelf life,
reduced percentage of spoilage rate, retarded weight loss, inhibited the decrease of vitamin C, total
acid content, and total sugar content of fresh litchi fruits. Prepared preservatives can extend the
shelf-life of litchi fruits up to 25 days storaged at 5°C and relative humidity of 90-95%, indicating
their potential as an attractive alternative to improve quality of fresh fruits during storage.

Keywords: Chitosan, edible coating, green tea extract, preservatives.

1. MO PAU

Vai thiéu 12 loai qua nhiet ddi co gia tri dinh du@ng cao
trén thi truong trong va ngoai nudc. Tuy nhién, chi sau 2-3
ngay sau khi thu hoach vo qua bi kho va hoa nau, thdi va
mat hudng vi. Viéc bao quan tu nhién khong thé kéo dai
hon 4 ngay. Ngay nay, lam lanh nhanh sau thu hoach va
luu trd G nhiét do thap va do am cao, xu ly vai thudc diét
nidm va cac chat bao quan khac, bién d6i khi hau, bao
goi, xu ly véi SO,, acid la céc phUdng phap pho bién nhét
dé duy tri hinh fhic cting nhu chét ludng qua[1 -3]. Tuy
nhién, hién chua co gidi phap hoan chinh dé bao quan
qua vai thleu viéc sl dung thudc diét ndm trén qua can
phai ¢ kiém soat chat ché vi lién quan dén van dé an
toan([4]. Viec st dung céc l6p phi ban tham duac xem la
c6 hiéu qua. Vi du, I6p pha Pro-long cho qué chudi lam
cham sy thoi hong nho su bign ddi khi hau trong |6p phu
Gan day, mét phuong phap hay dung la phu sap lén Vo
qua Tuy nhién do kho loai bo I6p phu sap khi st dung,
no ¢6 thé anh hudng dén mui vi clia qua va gay doc Vi
con nguai. Phudng phap khac nhu Iuu gitt @ nhiét do thap
va mang polyetylen da thudng mai hoa. That khong may,
nhiing phuong phap nay dat tién va co thé 1am cho mot

s0 loai trai cay c6 mui vi kém han[5]. N6 cding gy ra su
0 nhiém moi truqng nghiém trong. Trong nhiing nam gay
day, Girgenti va cong su[6]. Cac polyme tu nhién (nghia la
tinh bot, cellulose, chitosan) thudng dudc st dung dé béao
quan sau thu hoach trai cay tuci nhg cac dac tinh tuyét vai
cuia ching a tai tao, phan huy sinh hoc, tuang thich sinh
hoc va than thién vai moi trudng[7-9]. Trong do, chitosan
(CS) la mot trong nhiing polyme sinh hoc duqc sl dung
rong rai nhat trong bao bi thuc pham vi dac tinh chong oxy
héa va khang khuan doc dao cua no[10, 11]. Nhiéu nghién
ctu da su dung mang chitosan dé bao quan qua nhan,
vai thiéu, ca chua... Ngoai ra, tinh chat can khi ctia mang
chitosan ctia CS ¢0 the dudc cdi thién bang cach thém vat
liéu nano xap, vi kich thudc 16 rong co thé diéu chinh tinh
tham khi[12].

V6i muc dich ché tao chat bao quan c6 hiéu qua tur vat
lieu thién nhién, nghién clu nay ché tao chat bdo quan
bang cach bd sung cao chlet la che tudi vao dung dich
chitosan. Ché pham bao quan dudc st dung dé pha lén
qua vai thiéu va danh gia hiéu qua.

II. THU'C NGHIEM

1. Hoa chit

Chitosan dudc cung cap bdi Chisosan do Cong ty TNHH
san xudt kinh doanh Chitosan Viét Nam san xuat co trong

lugng phén ti 100.000 dalton, do dé axetyl hoa 96%, kén
tam thai mua kén tam thé mua G xa Phing X4, huyén My
Duc, TP Ha Noi, NaOH (99,5%), glyxerin (99,5%), ethanol
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(99,5%), acid acetic (98%), Na,C0, (99%), CaCl, (99,6%),
gelatin dudgc cung cap bdi nha may hoa chat Guangdong
Guanghua, Trung Qudc.

2. Tach cac hop chéit c6 kha nang bao
quan tir thao moc

La cay nghién nho dugc cho vao coc dong clng
v6i dung mai la con 90° vdi ty Ié 100g la tudng ting véi
1.000ml con, hon hdp dudc khudy trén may khudy ti ¢
nhiét do 40-45°C vdi toc do khudy 400-600 vong/phut
trong 24h. Dich thu dudc dem co thanh cao dic dé dung
pha ché chat bao quan.

3. Tach serisin va fibroin ra khéi kén tam

Cat 35g kén tam phé phdm da dudc lam sach tap chat
cd hoc thanh cac miéng nhd. Thém 2 lit dung dich Na,CO,
0,02M bép gia nhiét. Dun so6i 30 pht (cha y khong dun soi
qua lau sé 1am xo kén). Tat bép, dé ngudi va riia sach Vi
nudc cat 3 1an, moi lan khudy 30 phit, dung dia thiy tinh
dao déu sao cho ria sach hét serisine va Na,CO,. Say kho
qua dém 6 70°C va sau d6 dem can td kho.

Tron to va dung dich hoa tan theo ti 1& 1:10 (w/v) va
gia nhiét 6 80°C trong 15-30 phut cho dén khi td tan hoan
toan tao thanh mot dung dich dong nhat. Loc b phan
khong tan. D& ngudi sau do thém 5ml rugu ethylic dé két
taa fibroin. Dem ly tdm va tach fibroin.

4. Panh gia kha nang biao quin ctia mot
s6 dung dich pha ché dwoc

4.1. Pha ché dung dich

_Dé danh gia higu qua bao vé cla céac thanh phan, 5
mau chat bao quan dudc pha ché theo cach sau:

- Cho 15 gam fibroin thém vao coc chiia 1.000ml dung

dich acid acetic 2%, khudy lién tuc trong khoang 24h dé
fibroin phan tan déu trong acid acetic. (CTM1)

-Thém tui tii 15 gam chitosan vao coc chifa acid acetic
2%, diéu chinh may khudy véi toc do 350 vong/phut.
Khudy lién tuc trong 2h dé phan tan déu chitosan dudc
méu CTM2.

- Thém cao ché vao dung dich CTM1 dudc CTM1-cao

- Thém cao cheé vao dung dich CTM1 dugc CTM1-cao

- Dé tang cuong do phan tan cua céc thanh phan, thém
Tween-80 vao cac hon hdp ¢6 cac mau CTM1-cao-T va
CTM2-cao-T.

Cac dung dich dudc dun trén bép gia nhiét co khudy
tir 6 nhiét do 45°C, toc do khay 400-500 vong/ phit trong
thoi gian 30 phat, sau d6 dudc dé ngudi trudc khi dung dé
nhing qua.

4.2. Phuong phap ba tri thi nghiém

Qua vai dugc thu hai ding do chin ky thuat dugc loai bo
14, qué bi séu théi, dap nét, cat bét cudng roi dudc xu ly
tién bao quan va chia thanh cdc mau véi khdi lugng bang
nhau (50 kg/mé), tién hanh phi mang bang céc loai mang
khac nhau. Theo d6, cac chim vai dudc nhing trong céc
dung dich phu mang, dé kho, bao goi trong tui LDPE day
30um, kich thude 30cm*40cm, duc 10 1% vai dudng kinh
16 1a 5mm, moi tai dong 2kg vai. Song song la mau doi
chting khong nhiing phli mang.

Tién hanh theo ddi su thay doi chat ludng thudng phdm
clia cac mau trong thai gian bao quan theo tan suét 5-10
ngay/lan (cho dén khi ty I hu hong lén han 10%), tif d6
danh gia dudc hiéu qua bao quan cua ché pham st dung.

Cac thi nghiém dudc b6 tri theo khdi ngau nhién hoan
toan (RCBD) vdi 3 lan nhac lai.

5. Phwong phap danh gia chat hrong qua

Xac dinh hao hut khéi ludng tu nhién bang phudng phap
can dinh ky khai lugng qua ban dau va trong qua trinh bao
qua bang can ¢6 do chinh xac 0,001g. Vitamin C dugc xac
dinh theo TCVN 6427-2:1998 (ISO 6557/2-1984). Acid
hiiu co toan phan cla dich qua dudc xac dinh theo phudng
phép chudn do duya theo TCVN 5483-91 (ISO 750-1981).
Ham lugng dudng tong dudc xac dinh theo phudng phap
Ixekurt. Ty 1é théi hong dudc biéu thi béng ty 1€ khéi lugng
qua bi hu hong trong tong khoi ludng qué clia mau. Qua
dudc tinh 1a thoi hong khi trén bé mat vo qua xuat hién
cac vét ndm moc, chém thoi hodc vo qua bi bién mau
nau tham.

III. KET QUA VA THAO LUAN

1. Sw hao hut khoi lwgng & cac mau
nghién ctru

Rau qué sau khi thu hai dé trong moi trudng bao quan
sé xay ra mot s6 bién d6i dan dén giam chat ludng cang
nhu khoi lugng dén t6i su giam khoi Iugng tu nhién. Su
giam khoi Iugng cla rau qua do bay hoi nudc (75% dén
85%) va tidu ton cac chat hiiu co trong khi ho hdp (15%
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dén 25%). Do do, ty 16 hao hut khai lugng la mot chi tiéu
chat ludng kha quan trong. Mac du khong truc ti€p phan
anh chat lugng bén trong clia qua nhung trong cuing mot
diéu kién bao quan thong qua chi tiéu nay co thé gian tiép
biét dudc mdc do bién di vé sinh hoa dién ra bén trong
qua lam anh hudng dén thai han bao quan cla qua.

Cac mau qua vai dugc can dinh ky dé xac dinh su hao
hut khoi lugng, két qua trinh bay ¢ Bang 1.



Bang 1: Su hao hut trung binh khéi lugng mau qua nhiing cac dung dich bao quan khac nhau

T:‘nfz :‘;;‘" BC CTM1 CTM2 CTMi-cao | CTM2-cao | CTM1-cao-T | CTM2-cao-T

0 0 0 0 0 0 0

5 3,55 244 2,25 178 176 1,49 1,29
10 6,80 3,87 3,75 2,95 2,67 2,43 2,13
15 9,95 5,71 5,55 3,27 2,07 208 258
20 12,51 756 6,67 4,67 4,48 4,30 4,10
25 - 8,75 772 6,38 5,92 4,61 4,21
30 - 9,9 8,69 728 6,81 6,11 6,01

Dua vao két qua thu dudc, ¢ thé thdy dudc ty 16 hao
hut khéi lugng qua vai 6 cdc nhom dudc nhing vao dung
dich bao quan thap hon so véi mau doi chiing.

Cac mau dudc nhang vao dung dich chat bao quan tao
trén bé mat vai mot 16p mang nén can trd su dich chuyén
4m tif trong qua ra moi tridng ngoai nén han ché su mat
nudc, hao hut khoi Iugng. Ngoai ra mang chat bao quan
con lam han ché su cung cdp oxy trén bé mét cla vai va
ham lugng GO, bén trong mang tang Ién nén qua trinh ho
hap cua qua bi Gc ché. Qud trinh ho hap giam thi giam
t6n hao cac chét dinh dudng nén lam giam hao hut trong
lugng. Két qua nay phu hdp véi nghién ctiu cia Pham Van
Chi (2007) da nghién ctiu dung CTM dé bdo quan quyt
va lu[5]. Trong cdc mau co kha nang tao mang thi qua
nhing 6 mau CTM2 ¢ ¢ ti 18 hao hut khdi lugng thdp han
G CTM1 chiing t6 tdc dung bao vé ctia CTM2 cao hon,
khi thém cao che, mang co kha nang bao quan tot hon

nén ti 1& hao hut khdi ludng 6 cac mau giam di. Viéc thém
tween-80 gilp cho céc thanh phén phan tén déu hon trong
nhau nén ti & théi hdng cla qua vai giam di.

2. Til¢ thoi hong

Tuong tu nhu cac chi tiéu dinh dudng, trong qua trinh
bao quan qua ti & thi hong sé tang 18n, day 1a mot chi tiéu
cam quan quan trong cua qua trinh bdo quan. Dudi day la
béng theo doi ti Ié thoi hdng 6 cc mau. Sau thdi gian béo
quan 10 ngay c6 hién tugng théi hong 6 mau déi chiing
(7,98%), cac mau CTM1, CTM2, CTM1-cao, CTM2-cao
c0 i 18 thoi hong rat nho 1a 2,19%: 2,12%, 1,13 va 1,05%,
trong khi cac mau thi nghiém CTM1-cao-T va CTM2-cao-T
van chua c6 hién tugng thdi hong, nhu vay co thé thay
rang vigc st dung cac chét bao quan nay dé c6 tac dung
dang ke trong viéc han ché su thdi hong doi véi qua vai 6
céac khoang thoi gian bao quan dai hon.

Bang 2: Ti I théi héng qua vai trong qua trinh bao quan bang cac ché phdm khac nhau (%)

Thai gian (ngay) BbC cTM1 CTM2 CTM1-cao CTM2-cao CTM1-cao-T | CTM2-cao-T
0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0
10 7,98 2,19 2,12 1,13 1,05 0 0
15 21,27 5,33 5,28 4,26 4,11 0 0
20 11,32 10,67 8,68 9,12 2,54 3,53
25 14,33 13,64 11,65 11,51 6,54 7,52
30 16,13 15,33 12,37 11,85 9,37 9,23
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Cuing theo cac so liéu tif bang 2 cho thay, sau 15 ngay
bdo quan mau ddi chiing co ty 18 hu hong cao (>20%).
Trong khi d0, xét trong cung mot thdi diém thi ti 16 théi hong
6 cac mau CTM1, CTM2, CTM1-cao, CTM2-cao ciing bat
dau tang t6i khoang 4-5%, vai bao quan bdi CTM1-cao-T
va CTM2-cao-T chua bi th6i hong. Tai thdi diém sau 30
ngay bao quan, ty 16 thoi hong clia mau dudc phi mang
CTM1 va CTM2 xap xi nhau la 16,13% va 15,33%, clia cac
mau CTM1-cao va CTM2-cao tif 11%-12% (>10%), trong
khi mau dudc phti mang CTM1-cao-T va CTM2-cao-T, c6
ty 1é hu hong thap hon 10% (9,37% va 9,23%) - dat muc
tiéu bao quan.

3. Két qua xac dinh ham lwgng vitamin C
O qua vai

K&t qua do su bién di ham lugng vitamin C trong qua
trinh bao quan dudc trinh bay 6 Bang 3.14 va Hinh 3.25
va Hinh 3.26.

Bang 3: Ham lugng vitamin C trong qua vai dudc bao quan
béng cac dung dich chat bao quan khac nhau qua cac ngay
theo doi (dv: mg%)

mergi] o, o e T e [
0 374 374|374 | 374 |374 | 374 | 374
5 30,8 34,2 | 348 | 352 |358| 36,1 | 36,8
10 17,6 1 33,6 | 34,2 | 351 | 353 | 36,1 | 36,3
15 32,2 133,0( 34,0 | 345 | 355 | 358

Thai gian CTM1- [CTM2-| CTM1- |CTM2-
(ngay) bC | CTM1 | CTM2 cao cao | cao-T | cao-T
20 31,1 1321 | 33,1 | 335 | 345 | 355
25 29,5305 | 31,5 | 325 | 335 | 345
30 27,8288 | 30,8 |318| 32,8 | 33,38

K&t qua trén do thi cho thdy su thay doi ham lugng
vitamin C clia qua vai 6 cac mau khac nhau trong qua trinh
bao quan. Ham lugng vitamin C cla qua vai ¢d xu hucéng
giam do su h6 hdp cua qua lam tiéu hao cac chat hiiu co
trong d6 co6 cac acid hiiu cd va vitamin C cing 1a mot
trong cac acid hiju cd trong qua nén sé bi giam dan qua
thoi gian. TU s liéu chudn do va do thi ciing cho thay réng
6 mau CTM1-cao-T, mau CTM1-cao ham lugng vitamin
giam cham hon CTM1, diéu do co thé ly giai la do qua
vai § mau CTM1-cao-T, mau CTM1-cao ho hap yéu hon.
Chting to viéc thém cac phu gia nay lam cham qua trinh
oxi hoa, lam giam sy thdi hdng clia qua vai. Ham lugng
vitamin C 8 mau doi chiing giam kha nhanh sau 10 ngay
bao quan. Dén 10 ngay ham lugng vitamin C trong mau ddi
chiing giam con 60% so vai ban dau va qua vai thoi hong
hét. Két qua tuong tu cting thu dudc khi sti dung hé chat
bao quan trén cd s6 CMT2.

4. Két qua xac dinh ham lwong acid tong
& qua vai

Tudng tu nhu vitamin G, trong qua trinh qua chin ham
lugng acid tong sé giam di trong qua trinh bao quan. Ham
ligng acid tong trong qua dudc phan tich dinh ky va sé liéu
dugc dua ra ¢ Bang 4.

Bang 4: Ham lugng acid tong trong qua vai dudc bao quan bing cac dung dich chat bao quan khac nhau
qua cac ngay theo doi (dv: %)

T'(‘I‘]’!'] g\';‘“ Be cTM1 CTM2 CTMi-cao | CTM2-cao | CTMi-cao-T | CTM2-cao-T
0 0,1474 0,1474 0,1474 0,1474 0,1474 0,1474 0,1474
5 0,139 0,1273 0,1293 0,1333 0,1363 0,1373 0,1420
10 0,0038 0,105 0,185 0,1209 0,1239 0,1273 0,1373
15 0,0804 0,1005 0,125 0,162 0,1202 0,1256 0,1356
20 0,0038 0,1018 0,118 0,188 0,1240 0,129
25 0,0891 0,001 0,1015 0,1085 0,115 0,195
30 0,0812 0,0912 0,0082 0,1042 0,1092 0,152
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Tii bang dif lidu ta thay khi khdng dung chét bao quan
thi ham Iugng acid tong cua mau qua vai giam nhanh do
qua trinh chin clia qua xay ra nhanh gdy ra su phan huy
céc hgp chat gay suy giam acid tong. Khi st dung chat bao
quan thi ham lugng acid tong giam cham hon nhiéu. Khi
st dung mang CTM1, CTM2 thi ham Iugng acid tng giam
cham hon chiing t6 mang c6 hiéu qua bao vé qua vai. Cac
phu gia cao ché va Tween-80 lam tdng hiéu qua bao vé
clia mang CTM1 va CTM2. Khi sti dung mau CTM2-cao-T
thi kha nang bao vé la cao nhét. Cu thé, dén 20 ngay ham
idng acid tdng trong mau d6i chiing giam con 43% so véi
ban dau va qua vai thoi hong hét sau d6. Mau CTM2-cao-T
thi ham ludng acid con khoang 78 sau 30 ngay bao quan,
6 cac mau khac con 55-74%.

5. Két qua xac dinh ham hrong dwong
tong trong qua nhan

Tuong tu nhu vitamin C va acid tong, trong qué trinh
qua chin ham lugng duong tong sé giam di do qué trinh

phan huy. Bang 5 trinh bay ham lugng dudng tong &
cac mau theo chu ki 10 ngay. Tif bang di liéu ta thay
ham Iudng dudng tdng ciia mau DC giam nhanh do qua
trinh chin cla qua xay ra nhanh gay ra su phan huy cac
hap chét gay suy giam dudng tong. Cac mau si dung
chat bao quan thi ham lugng duong tong giam cham haon
nhiéu. So v6i mau chi cd 1 thanh phan tao mang [a CTM1
va CTM2 thi cac mau ngoai thanh phan trén c6 thém cac
phu gia (nhu cao che, Tween) c6 kha nang bao quan qua
t6t hon, ham lugng acid tong trong cac mau nay giam
cham hon trong d6 mau CTM2-cao-T ¢ kha nang bao
vé t0t nhét. Chiing t6 viéc thém cac phu gia nay lam giam
su th6i hong cla qué vai. Ham ludng duong téng giam
nhanh hon sau 30 ngay bdo quan. Dén 40 ngay ham
ligng acid tng trong méu d6i ching giam con trén 90%
s0 vGi ban dau.

Bang 5: Ham lugng duong tdng (%) 6 qua nhan trong qua trinh bao quan béng cac ché pham khac nhau

Thdi gian (ngay) bC CTM1 CTM2 CTM1-cao CTM2-cao | CTM1-cao-T | CTM2-cao-T
0 15,88 15,88 15,88 15,88 15,88 15,88 15,88
20 12,78 14,78 14,88 15,00 15,13 15,23 15,33
30 - 14,55 14,65 14,70 14,75 14,78 14,92
40 - 13,58 13,78 13,98 14,01 14,05 14,12
IV. KET LUAN TAI LIEU THAM KHAO

Hai nhom chat bdo quan mdi trén co sd fibroin va
chitosan dd dudc ché tao dé bdo quan qua vai. Két qua
nghién ctu thii nghiém cho thdy mang fibroin-cao va
chitosan-cao c¢6 kha nang kéo dai thdi gian bdo quan rd
rét, 1am cham su hao hut khai Iugng, giam ti I& théi hong,
va han ché sy gidm ham ludng vitamine C, t6ng ham
ligng acid, tong Iudng dudng trong qua vai tudi. Trong
d6, mang tif fibroin co kha nang bao quan qua vai tot han
mang ti chitosan. Cac chat phu gia st dung nhu: cao che,
tween-80 déu lam tang kha ning bao quan clia mang, cao
ché tic ché qua trinh oxy héa va c6 tac dung diét khudn,
tween-80 c6 tac dung tang do phan tan, do on dinh cla
chét bao quan. Do dd, viéc sti dung phoi hdp céac phu gia
cho hiéu qua bao vé t6t nhat. Ldp phl t6 hdp trén cd s6
fibroin va chitosan co thé kéo dai thai gian bao quan cla
qua vai lén dén 25-30 ngay trong qua trinh bao quan @
nhiét do 5°C. Nhiing két qua thu dudc cho thdy co thé ché
tao cac chat bao quan hiéu qua tu cac nguyén liéu thién
nhién dé cai thién chat lugng bao quan clia qua vai tudi va
kéo dai thdi gian bao quan.
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TGNG HOP NANO PLATINUM BANG TAC NHAN KHU DICH CHIET NUGC LA LUGC VANG
VA KHA NANG KHANG MOT SO DONG TE BAO UNG THU

LE TU HA", NGUYEN THI LAN ANH, NGO THI XUAN LUYEN
Khoa Hoa, Trudng Dai hoc Su pham - Dai hoc Da Nang

SUMMARY:

SYNTHESIS OF PLATINUM NANOPARTICLES BY AQUEOUS EXTRACT OF
CALLISIA FRAGRANS LEAF AND ITS ABILITY AGAINST CANCER CELL LINES

In this article, we have reported the synthesis of platinum nanoparticles (PtNPs) from H,PtCI
solution using aqueous extract of Callisia fragrans leaf as reducing agent. The influence of some
Jactors such as pH, the volume ratio of Callisia fragrans leaf extract/H PtCl, solution, temperature,
time to the synthesis of platinum nanoparticles was investigated. The formation of platinum
nanoparticles was confirmed by surface plasmon resonance as determined by UV-Vis spectra. The
characteristics of gold nanoparticles were studied using FE-SEM, HRTEM, EDX and XRD. The
obtained results show that the conditions for the green synthesis of PtNPs from aqueous extract of
Callisia fragrans leaf are 15ml of extract / 20ml ImM H PtCI, temperature 80°C, pH 11, reaction
time 120 minutes. The analysis of FE-SEM HRTEM showed that the platinum nanoparticles were
predominantly spherical shape with different average sizes of 20nm. The EDX spectrum of platinum
nanoparticles confirmed the presence of elemental platinum signal. The XRD spectrum of platinum
nanoparticles exhibited 26 values corresponding to the platinum nanocrystals. The synthesized
platinum nanoparticles showed anticancer activity against LU-1, HepG2, MCF-7, KB and MKN-7
cell lines, with inhibitory concentration at 50% (IC50 values) of 0.94, 0.39, 0.93, 0.45 and 1.18 ppm,
respectively, after 72h of treatment.

Keywords: Platinum nanoparticles, Callisia fragrans leaf, Green synthesis, Plant extract, Anticancer.

I. PAT VAN DE

Khoa hoc va cong nghé nano trén cd sd két hap da
nganh da tao nén cudc cach mang vé khoa hoc ky thuat.
Hién nay, nhiéu qudc gia trén thé giéi xem cong nghé
nano la muc tiéu mdi nhon dé dau tu phat trién va da co
hang tram san phdm cua cong nghé nano dugc thudng
mai, ing dung trong nhiéu linh vuc nhu dién td, hoa hoc,
y sinh, moi trudng...[1]. Trong s6 cac loai hat nano dugc
nghién cdu, ing dung thi hat nano platinum da gay dudc
su chl y ddc biét va thu hit su quan tdm nghién ciu cta
cac nha khoa hoc. Hat nano platinum dudc st dung trong
cong nghé dién td, vat lieu quang hoc, lam xuc tac cho
pin nhién liéu, 1am sensor khi[2-5]. Trong linh vuc y sinh,
nano platinum da dudc st dung dé Gc ché su phat trién
cac t6 bao ung thu. Viéc st dung cac hat nano platinum
sé chi tac dong co chon loc 1én cac té€ bao ung thu,
cac té bao binh thudng khac trong cung mo sé khong bi
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anh hudng[6-8]. C6 nhiéu phudng phap dugc sl dung
dé tong hop nano platinum, trong do phudng phap tong
hdp nano platinum bang tac nhan khi dich chiét thuc vat
dude cac nha khoa hoc quan tam. Mot s6 nghién cliu da
st dung dich chiét thuc vat co hoat tinh sinh hoc trong
tong hop nano platinum va ting dung trong khang mot s6
dong té bao ung thu[9-12].

La cay Lugc vang la mot loai dugc liéu da dudc su
dung trong y hoc véi mot s6 tac dung nhu khang viém,
chong oxi hoa, diéu tri ung thu, tng stic dé khang cho
co thé,...[13].

Trong cong trinh ndy, chiing t6i trinh bay két qua nghién
cliu tdng hop nano platinum bang tac nhan khi dich chiét
nudc 1a Ludc vang va kha nang khang mét so dong té bao
ung thu clia nano platinum téng hop dudc.



II. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

1. Nguyén liéu - Hoa chat

La Ludc vang thu hai tai xa Binh Nguyén, huyén Thang
Binh, tinh Quang Nam. Hoa chat diing trong nghién ctu la
H,PtCl,, NaOH, HCI clia hang Merck ¢ muic do tinh khiét
PA. Cac hoa chat dudc pha trong nudc cat hai lan.

2. Chuan bi dich chiét nwéc 1a Lugce vang

L4 Ludc vang dudc riia sach bang nudc cat dé loai bo bui.
Dich chiét 1a Lugc vang dung trong tong hdp nano platinum
dudc chudn bi bang cach cho 15g la Lugc vang cét nho vao
binh cau chtia 100ml nudc cét va chung ninh hoi luu trong
thdi gian 70 phut & nhiét do soi. Dich chiét thu dudc loc qua
gidy loc Whatman s6 1 nhiéu Ian dé loai bo can.

3. Tong hgp platinum

Cho 20ml dung dich H,PtCl; 1mM vao binh tam giac
100ml, sau dé cho dich chiét nudc Ié7 Lugc vang vao. Anh
hudng clia mot s6 yéu to dén qua trinh tong hdp nano platinum
nhu pH dich chiét, ty Ié thé tich dich chiét/thé tich dung dich
H,PtCl, nhiét do va thdi gian phan ting dugc khao sét.

4. Ph6 UV-Vis ciia nano platinum
Qua trinh hinh thanh nano platinum tif dung dich H,PtCI,
vGi tac nhan khi dich chiét nudc 1a Ludc vang dudc khao

sat qua su xuat hién mau ctia keo nano platinum do hiéu
ting plasmon bé mat. Dung dich keo nano platinum tao
thanh dudc pha lodng 10 Ian va do phd UV-Vis trén thiét
bi UV-VIS Perkin ElImer Lambda 365 vdi budc song quét
trong vung ti 220 - 600nm va do phan giai 1Tnm.

5. Dac trung nano platinum téng hop

Nano platinum tong hdp dugc ddc trung bang cac
phuong phap hoa Iy nhu chup anh hién vi dién ti quét
FE-SEM, chup anh hién vi dién t( truyén qua HR-TEM,
phan tich nguyén t6 EDX trén thiét bi HRTEM Tecnai G2
F20 va do phd nhiéu xa XRD trén thiét bi X’PERT PRO vdi
goc 20 = 20 - 70°.

6. Kha ning khang mot sé6 dong té bao
ung thw

Kha nang khang mot s6 dong té bao ung thu: LU-1,
HepG2, MCF-7, KB va MKN-7 ctia dung dich keo nano
platinum dugc danh gia bang phudng phap SRB tai Vién
Cong nghé Sinh hoc - Vién Han 1am Khoa hoc va Cong
nghé Viét Nam[14].

I1I. KET QUA VA THAO LUAN

1. Anh hwéng cia cac yéu t6 dén qua
trinh tong hgp nano platinum

1.1. Anh huéng cia pH

Anh huéng ctia pH mai trudng dén qua trinh tong hop
nano platinum dudc khao sat trong diéu kién: Thdi gian
tao nano platinum 60 phut, nhiét do 60°C, jOmI dich chiét
nudc 1 Lugc vang/20ml H,PtCl, 1mM. Két qua khao sét
su phu thudc cta qua trinh tao nano platinum vao pH dich
chiét 1a Ludc vang dudc biéu dién 6 Hinh 1

{- \\ \

pH =11, A = 0.605
pH =12, A=0.539

pH=10,A=0.523

pH =9, A =0.489

pH=8,A=0.319

Hinh 1. Phd UV-Vis ciia dung dich nano platinum
G cac pH dich chiét khac nhau
Quan sat hién tudng cho thay, mau cua dung dich chiia
dich chiét va H,PtCl, chuyén tUi mau vang nhat sang mau

den; dong thoi pho UV-Vis xudt hién pic 6 250 - 256nm do
hién tudng plasmon bé mét clia nano platinum. Diéu nay
da xac nhan su hinh thanh nano platinum[15].

Khi pH mai trudng tang dan tui 8 dén 11 thi gia tri mat do
quang do dudc tang dan va dat gia tri cao nhat khi pH = 11.
NEu tiép tuc tang gia tri pH thi gia tri mat do quang giam
dan. Theo[16] thi cd ché tao nano kim loai tif dich chiét
thuc vat nhu sau:

Dang enol S keto + 2H* + 2e 1)

nM* +ne 5 M (2)

Do d6, pH &nh hutng dén can béng cla hai dang keto
va enol cla cac nhom chat polyphenol, flavonoid,...co
trong dich chiét nudc 14 Luac vang va khi pH tang lam can
bang (1) dich chuyén vé phia thuan tao ra nhiéu electron
va do do 1am tdng toc do phan ting khit [PtC;]* tao nano
Pt nhu (2). Tuy nhién, néu pH > 11 thi qua trinh tao nano
platinum nhanh va hat nano platinum I6n nén lam giam
mat do quang. Nhu vay, pH = 11 dam bao gia tri mat do
quang cao va dung dich keo nano platinum tong hgp dudc
bén, khong bi keo tu.

1.2. Anh hudng ctia ty Ié thé tich dich chiét

Anh hudng cua ti 18 thé tich dich chiét nudc 14 Ludc
vang/thé tich dung dich H,PtCI, dudc khao sat trong dieu
kién: Thé tich dung dich H PtCl. 1mM: 20ml, thdi gian tao
nano: 60 pht, nhiét do 60:C, thé tich dich chiét thay déi
tu 8ml dén 17ml.

6
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Phd UV-Vis clia dung dich nano platinum phu thudc
vao ti & dich chiét nudc 1a Lugc vang / thé tich dung dich
H,PtCI, dugc trinh bay 6 Hinh 2.

|
m

o V=15ml,
V= 14ml,
V=13ml,
Vv =16ml,
v =12ml,
V=11ml,
V=10ml, A=0.605
V=17ml, A=0.581
V=9ml, A=0.555
v=8ml, A=0.485

A=1.084
A=0.928
A=0.899
A=0.783
A=0.727
A =0.690

Avesmanccinin
—E..5

Hinh 2. Phd UV-Vis ciia dung dich nano platinum
@ cac ty Ié thé tich dich chiét khac nhau

TU két qua 6 Hinh 2 cho thy, khi ti Ié thé tich dich chiét
l4 Lugc vang/20ml dung dich H,PtCl, TmM tang dan tii 8ml
dén 15ml thi gia tri mat do quang do dudc tang dan va co
gid tri cao nhat khi V = 15ml, nghia Ia lugng nano platinum
t6ng hop dudc cang 1a nhiéu nhat. Néu tiép tuc ting thé tich
dich chiét thi gia tri mat do quang giam, nguyén nhan c6 thé
la do khi thé tich dich chiét tang thi sé tang ndng do chat
khti trong dich chiét nén lam tang toc do tao nano platinum,
do d6 dan dén su tang kich thudc hat, ting do tu hat nano
platinum va lam giam mét do quang. Nhu vy, thé tich dich
chiét 1& Ludc vang t6i uu V = 15ml/20ml H,PtCI, 1mM.

1.3. Anh hudng ctia nhiét do tong hop

Anh huéng cla nhiét do dén qua trinh téng hop nano
platinum dugc khao sét trong diéu kién: Thai gian tao nano
platinum 60 phut, 15ml dich chiét nudc 1a Lugc vang/20ml
H,PtCl, TmM. Nhiét do thay doi 50°C, 60°C, 70°C, 80°C
va 90°C Két qua khao sat su phu thudc cta qua trinh tao
nano platinum vao nhiét d6 dudc biéu dién G Hinh 3.

T=80°C, A=1.665

T=70°C,A=1.373

Arectonceiain

T=90°C,A=1.151
T=60°C, A=1.084

T=50°C,A=0.819

Hinh 3. Phd UV-Vis ciia dung dich nano platinum
6 cac nhiét do tong hap
Hinh 3 cho thdy, khi nhiét d tang dan tii 50°C dén 80°C
thi gid tri mat do quang do dugc cling tang dan, nghia la
ligng nano platinum tong hop dudc cang tang, va dat gia
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tri 16n nhét vai nhiét do 80°C. Néu tiép tuc tdng nhiét do,
giad trj mat d6 quang glam Nguyén nhan la do, khi tdng
nhiét do qua 80°C co thé da lam tang nhanh toc do tao
nano platinum va lam cho hat nano platinum I6n hon nén
[am giam mat do quang.

1.4. Anh hudng cta thdi gian tong hop

Anh huéng clia thdi gian dén qud trinh tdng hop nano
platinum dudc khao sét trong diéu kién: 15ml dich chiét nudc
1a Lugc vang/20ml H,PtCl; 1 mM, nhigt do 80°C, pH = 11.
Thai gian tong hgp thay “déi: 30 phut, 60 phat, 90 phut,
120 phut, 150 phut. Két qua khao sat su phu thudc cla qua
trinh tao nano platinum vao thdi gian dugc biéu dién ¢ Hinh 4.

t=120 ph, A=2.383
t =150 ph, A=2.094
t =90 ph, A=1.994
t =60 ph, A=1.665

t=30ph, A=1.168

Hinh 4. Phd UV-Vis ctia dung dich nano platinum
6 cac thdi gian tdng hop khac nhau

Tif két qua 6 Hinh 4 cho thay, khi thoi gian tao nano
platinum tang dan thi gia tri mat do quang do dudc ctng
tang dan. Co thé giai thich khi thoi gian tang thi phan tng
cua cac chat trong dich chiét khi véi ion PtCI 2 cang manh
dé tao ludng nano platinum cang nhiéu dan den gia trj mat
do quang tang. Sau thoi gian 120 phut thi phan (ing tao
nano platinum xem nhu hoan toan.

Nhu vay: Diéu kién cho qua trinh tong hop nano platinum
tii dung dich H,PtCI bang tac nhan khi dich chiét nudc
|4 Lugc vang Ia 15m| dich chié/20ml dung dich H,PtCI,
1mM, pH = 11, nhiét do 80°C, thdi gian phan Ung 120
phut. Dung dich keo nano platinum tong hop c6 mau den.

2. Khao sat dac trung cua nano platinum

tong hop
Anh FE-SEM va HRTEM ctia nano platinum dugc trinh
bay ¢ Hinh 5 va Hinh 6.

IMS-NKL 5.0kV 5.8mm x200k SE(M)

Hinh 5. Anh FE-SEM clia nano platinum tdng hop



Hinh 6 Anh >HRTEM clia nano platinﬁm tong hap
Két qua Hinh 5 va Hinh 6 cho théy, nano platinum tong
hdp ¢d dang hinh cau va kich thudc hat khoang 20nm.

Pho EDX clia nano platinum tdng hop dugc trinh bay
G Hinh 7.

T T T T T
3 7 8 9 10 1 12 13 14 15 16 17

0 1 2 3 4 5
Full Scale 3135 cts Cursor: 16.097 keV (15 cts)

Hinh 7. Phd EDX nano platinum tong hap

K&t qua phan tich phd EDX cho thdy nano platinum thu
dudc ¢o6 ham lugng platinum cao.

Pho XRD ctia nano platinum dugc trinh bay & Hinh 8.

000

8

m me N
] Lo - o A

Hinh 8. Phé XRD ctia nano platinum téng hop
Phan tich pho nhiéu xa tia X clia hat nano platinum cho
thay, co xudt hién cac pic dac trung véi goc 26 la 32,5°;
40,7°, 45,6° 67,8° tuong Ung véi mang (100), (111),
(200) va (220) cua tinh thé platinum.

3. Kha ning khang mgt so dong té bao
ung thu cia nano platinum

Khé nang khang mot s dong té bao ung thu LU-1 (Ung
thu bieu mo phoi 6 ngudi), HepG2 (Ung thu biéu mo t€ bao
gan G ngudi), MCF-7 (Ung thu bieu m6 va 6 ngudi), KB
(Ung thu bieu mo6 ¢ ngudi), MKN-7 (Ung thu bieu mo da
day 6 nguoi) cua nano platinum sau 72 gid kiém nghiém
dudc xac dinh bang phudng phap SRB. Két qua thu dudc
trinh bay 6 Bang 1.

_ Két qua Bang 1 cho thdy, dung dich keo nano platinum
tong hdp co kha nang Gc ché su phat trién cia mot s6
dong t€ bao ung thu LU-1, HepG2, MCF-7, KB va MKN-7
véi ndng do ic ché 50% (gid tri IC,,) la 0.94, 0.39, 0.93,
0.45 va 1.18 tuong ling sau 72 gid X( ly.

Bang 1: Kha nang gay doc té bao ctia nano platinum

Dung dich keo nano platinum
"(‘:,';)%'? LU | HepG2 | MCF7 | KB | MKN7
% Uc ché | % Uc ché | % Uc ché | % Uc ché | % Uc ché

12 90.34 91.35 89.23 97.18 80.74
2.4 74.09 86.96 74.48 86.15 70.36
0.48 22.83 57.59 27.50 51.96 35.95
0.096 6.53 9.37 16.78 21.05 7.18
1C50 0.94 0.39 0.93 0.45 1.18

Nhu vay, dung dich keo nano platinum da thé hién hoat
tinh gy doc t€ bao trén cac dong thli nghiém vdi gia tri
IC,, ttr 0,39 - 1,18ppm.

IV. KET LUAN

_Qua trinh t6ng hdp nano platinum tir dung dich HZP’[CIﬁ
bang dich chiét nudc 1a Ludc vang da dudc chiing minh 0
diéu kién toi uu cta 15ml dich chiét (15g 1a Ludc vang /
100ml nudc, thdi gian chiét 70 phat, nhiét do soi) / 20ml
H,PtCl, 1mM, nhiét do 80°C, pH = 11, thi gian phan (ing
150 phut. C4c két qua phan tich FE-SEM, HRTEM, EDX va
XRD cho thdy, nano platinum tong hgp c6 dang hinh cau,
kich thudc khoang 20nm va co cau tric tinh thé. Dung
dich keo nano platinum tong hop c6 hoat tinh tc ché su
phét trién mot s6 dong t€ bao ung thu nhu MCF-7, HepG2,
KB, LU-1, MKN-7. Viéc tong hgp nano platinum bang cach
sti dung cac ngudn nguyén lieu xanh nhu dich chiét nudc
1 Lugc vang la mot gidi phap thay thé t6t cho qué trinh
tong hdp hoa hoc, vi qua trinh tong hap xanh khong gay 0
nhiém va than thién vdi méi trudng. PtNPs tong hgp tu 1a
Lugc vang cd tiém nang (ing dung trong Iinh vuc y sinh.
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NGHIEN CUU GHE TAO THUGC HOA THUAT CC-NLP17
BANG THIET BI TRON, TAO HAT MTH-01

SUMMARY:

TRAN DINH TUAN, PHAM VAN TU
Vien Thudc phéng Thudc nd - Tong cuc CNQP

RESEARCH TO PRODUCE THE CC-NLP17 PYROTECHNIC DELAY
BY MIXER MTH-01
This paper presents the results of research to produce the CC-NLP17 pyrotechnic delay by mixer
MTH-01. The results showed that, the new manufacturing technology, the pyrotechnic composite has
a high density, stable operation, and the burning velocities is not affected by the harsh effects of the
environment and the shot. CC-NLP17 pyrotechnic delay can be applied in the NLP-17 fuze.

Keywords: Pyrotechnic retardants, CC-NLP17, mixer MTH-01.

1. MO PAU

Thudc hoa thuat CC-NLP17 la thudc chdy cham dung
cho vanh ty huy ngoi NLP-17, Iap trén dan DLP-17 (VOG-
17M). Nguyén ly hoat dong clia ngoi la cham no va tu
hlly. Déc biét, ngoi c6 thai gian giti cham dang la dai nhat
trong cac ngoi dan hién nay, tii 28 dén 32 gidy. DLP-17 1a
dan 30mm dudc st dung cho sting AGS-17, 1a loai vi khi
phong Iuu, c6 uy luc sat thuong I6n. Sang c6 thé ban phat
mot hodc lién thanh, toc do ban cao, Ién dén 400 phat/
phut, dudc trang bi cho bd binh chién ddu hodc gan trén
may bay trijc thang, xe thiét giap yém trg tién cong.

Dai v6i cong nghé san xuat thudc hoa thuat dang ap
dung hién nay tai nudc ta la cong nghé ban udt, gom 3
nguyén cong chinh: tron kho, tron w6t va tao hat. Ngudi
cong nhén thuc hién tat ca céc thao tac, chua co trang
thiét bi kiém sodt gilia cac chang nay. Vi dudc tién hanh
thi cong nén su dong déu cla cac thanh phan thudc, su
dong déu cua kich thudc hat khong dam béo, su 6n dinh
gilfa cac 10 ciing bi anh hudng. Mat khac, qud trinh tron,
tao hat th cong mat nhiéu thdi gian, sinh ra lugng vun I6n,

c6 thé dén 15 - 20% khdi lugng. Nhiing van dé do da lam
giam hiéu suat va chat ligng thudc hoa thuat. Do do dé tai
tap trung cai tién, thay doi cong nghe ché tao thudc hoa
thuat, bang cach bd sung cac thiét bi may moc dé thay
thé thao tac cua ngudi cong nhan ¢ cac chang quan trong
nay. Trong do sé tron kho cac thanh phan trén may tron
hanh tinh MT-01; trén uét, dun va tao hat dudc thuc hién
trén may Caleva MTH-01.

Pau vo tao hat

May chinh va ddu dun

B6 phan tron

Hinh 1. Thiét bi MTH-01 tich hop 3 tinh nang tron u6t,
dun va tao hat

II. THUC NGHIEM

1. Vit tw, héa chat

Cac vat tu, hoa chat dung cho nghién ctiu gom:

- Bari cromat (BaCrO,), xudt xu Viét Nam, ham ludng
>99,0%, kich thudgc hat4 10um

- Kali peclorat (KCIO,), An Do, ham lugng > 99,0%, kich
thudc hat 8+15um;

- Bot vonfram (W), An D9, ham luigng > 99,0 %, kich thuidc
hat 8+15um;

- Nano Fe,0,,
30--50nm;

An Do, ham lugng > 99,5%, kich thudc hat

- Nano agrosil (Si0,), An D0, ham lugng > 99,5%, kich thudc
hat 5+-15nm;
- Nitroxenlulozo (NC), Viét Nam, ham lugng N 11,8 + 12,5%.

2. Phuwong phap nghién ctru
2.1. Ché tao mau thudc hda thuat

Nghién cdu xay dung don thanh phan thudc hoa thuét.
Xéc dinh su dong déu, do chum, mat do, chat ludng thuoc
hoa thuat thong qua nghlen cdu cac yéu 10 anh hudng cua
thiét bi nhu: Toc do quay clia may tron, toc do quay cua
truc vit, téc do quay cua dia vo tao hat, tho gian quay tron...

Hoéa hoc & Ung dung
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2.2. Phuang phap xac dinh cac déc trung nang lugng
xa thuat thudc héa thugt

- Nhiét lugng chay: X4c dinh theo TCVN/QS 889:2019

- Thé tich sinh khi, nhiét do bung chay, mat do rac: Xac
dinh theo TCVN/QS 1124:2019.

- Xac dinh thdi gian chdy cua ngoi dan: Vanh t huy dugc
nén thuc hoa thuat, Ip trong ngoi dan. Phét hoa hat Iiia MI-8
bang biia macset va tinh thi gian bang dong ho bam gidy.

2.3. Phuong phap xac dinh su bao toan tinh ning
trong cac diéu kién thit nghiém

- Thi rung xdc:

Thif rung x6c véi bién do 120mm, tén so (60+2) lan/
pht lién tuc trong 2 gid bang thiét bi chuyén dung.

- Thit méi truong:

Thuc hién theo tiéu chudn TCVN 7699-2-30: 2007,
trong tl mai trudng, chu ky thli nghiém theo phudng an 2.

S6 chu ky: 6, nhigt do gidi han trén: 55°C, nhiét do gidi
han dudi: 25°C.

- Thi s6c nhigt:

Thii soc nhiét trong cac ti mai trudng 1 (tU lanh) va tl
moi trudng 2 (t4 néng) nhu sau:

Nhom 1 theo chu ky: 2 gid 6 55°C — 30 phit 6 nhiét
d6 phong — 2 gid 6.

- 10°C — 30 phat 6 nhiét d6 phong — 2 gid 6 55°C —
30 phut ¢ nhiét do phong.

Nhom 2 theo chu ky: 2 gid 6 -10°C — 30 phat & nhiét
d phong — 2 gio 6 55°C — 30 phit & nhiét do phong —
2 gid 6 -10°C — 30 phut 6 nhigt d6 phong.

- Ban kiém tra thoi gian tu hiy:

Stng AGS-17 chién déu, dan trong trang bi. Bdm dong
ho tii ltc ban dén khi nghe thay tiéng nd ctia ng no tu hiy
trong ngoi.

III. KET QUA VA THAO LUAN

1. Xay dung don thanh phan thuoc héa
thuat CC-NLP17

Trén co s cdc tai ligu[4-7] va phan mém REAL, tién
hanh nghién c(u Iua chon ty 16 thanh phan thudc hoa thuat,
tinh todn céac dac trung xa thuat va thi ngh|em do toc do
chay, thdi gian chay trong ngm NLP-17 ctia mot s6 mau
ché thd. Da lya chon dudc mau thude hoa thudt véi dan
thanh phén co bén va c6 hat nhu sau: BaCrO, - 60,5% - ¢0
hat (8+10)um; KCIO, - 9% - ¢G hat (8- 10)|um W -30,5% -
cG hat (10+12)pum.

Tir don thanh phan co ban, tac gia da tién hanh nghién
clu khdo sat, b0 sung cac phu gia nano vao thudc hoa
thuat. Phu gia nano c6 kich thudc hat nho, dién tich bé
mat riéng 16n, dé dang phan tan dong déu vao trong thanh
phén hda thudt. Nano Fe,0, dudc st dung trong thu6c hda
thuat trén co s@ vonfram n?m la chat xtic tdc cho qua trinh
chéy. N6 c6 tac dung hap thy nhiét, lam giam néng lugng
hoat hoa cua ca hé gitp thudc hoa thuat dé bat chay han.
con khi bé sung nano Si0, ham Iucng nho sé lam tang
tinh dong nhat cta hé thuoc don gian hoa qua trinh che
tao thudc hoa thuat vi hé thudc nay khong dong déu vé ty
trong guja cac thanh phan Phu gia Si0, con lam giam tdc
d6 chay cua hé va giup thudc hoa thuat chay khong bi anh
hudng bdi cac diéu kién khac nghiét nhu: luc tac dung cla
phat ban, toc do quay cla dan, soc nhiét va moi trudng.

Trén cd s6 cac két qua nghién cliu, khao sat da Iua
chon dan thanh phan thudc hoa thuat CC-NLP17 nhu sau:

Bang 1: Thanh phan cta thuéc hoa thuat CC-NLP17

Thanh . NC
ohén | W |Bacro, | KCio, | Fe0, | si0, | o
Miic, % | 30,5 | 58,5 | 9,0 1,0 | 1,0 1,0
Hoéa hoc & Ung dung
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2. Nghién ciru ché tao thudc hoa thuit
CC-NLP17 trén thiét bi MTH-01

Trén cd s@ don thanh phan da Iua chon, tién hanh ché
tao thudc hod thuat bang thiét bi nghién ctiu. Tron kho
cac thanh phan trén thiét bi MT-01 v6i cac thong so cong
nghé: toc do quay 25 vong/phat; thoi gian tron 90 pht;
khoi lugng 01 mé tron la 200g.

2.1. Tron uGt cac thanh phan thudc hoa thuét

Thudc hoa thuat CC-NLP17 sau khi tron kho, dudc
tién hanh tron w6t trén khoang tron. Can dinh Iugng 20ml
dung dich keo NC 5% tuong ting cho 100g mau thudc
CC-NLP17. Khao sat G cac ché do tron:

- Téc do quay truc chinh: 50-80 vong/phut

- Thai gian tron: 3-10 phat

Qua khao sat lua chon ché do tron udt: toc do quay truc
chinh 50-60 vong/phut; thoi gian tron 5 phit. Vi toc do
quay truc chinh va thoi giar] tron nhu vay, thudc hoa thuat
dugc tron déu thanh mot hon hdp bun nhéo, chét két dinh
dudc tham udt déu cung vdi cac thanh phan hoa thuat.

2.2. Anh huéng ctia téc dé quay truc vit ép din dén
mét dé rac cia thudc hod thuat

- Dau dun Ex1: dudng kinh 16 dun tao hat 0,6mm, chiéu
sau 2mm (0,6x2)mm; dudng kinh 16 dan hudng 1mm,
chiéu séu 3mm (1x3)mm.

Tién hanh nghién cliu khao sat véi dau dun Ex1, 6
cac toc do quay truc vit ép dun khac nhau: 20, 40, 60,
80 vong/phut. San phdm sau khi ép dun dugc vo tao hat
vdi toc do quay dia vo 1.600 vong/phut; hong & nhiét do
phong 30 phut va sdy @ nhiét do 60°C trong vong 8 gid.
Sau do tién hanh do mat do rac cho két qua nhu sau:



Bang 2: Mat do rac cia thuéc CC-NLP17 theo tdc dé quay truc vit

T Tén méu Toc do quay, v/p Mat do, g/cm?
1 M1 20 2,16
2 M2 40 1,90
3 M3 60 1,85
4 M4 80 1,84

Két qua cho thay, G toc do quay truc vit thap 20 vong/
phit cho san phdm thudc hoa thudt c6 mat do réc rat cao
2,16g/cm?, khi tang toc do quay cho san phdm c6 mat do
rac giam dan dén mot gia tri nhét dinh.

Mat d6 rac clia thudc hoa la gia tri kha quan trong, néu
mat do thap khi nén vao cac chi tiét hoa cu sé dé xay ra
hién tudng mét do cuc b, 1am cho chi tiét chay khong on
dinh. Mat khac, néu mat do rac cao (gan vdi gia tri mat do
nén) sé lam cho mach thudc trong chi tiét thiéu tinh gan
két, co thé gay niit v hodc bong troc trong qua trinh van
chuyén béo quan.

Vi vay, véi thuoc hoa thuat CC-NLP17 dung cho nén ép
vanh tu hiy ngoi NLP-17, mét do nén trén vanh khoang
3,2g/cm3, dé tai Iua chon toc do quay cla truc vit ép dun
la 60 vong/phut, tidng ting v6i mat do rac cla thudc CC-
NLP17 1,85g/cm?.

2.3. Anh hudng ctia téc dé va thdi gian quay dia vo tao
hat dén chat lugng hat thuéc hda thuat

Thudc hoa thuat sau khi ép dun dudc vo tao hat, khao
sat § cac toc do quay khac nhau: (1.400, 1.600, 1.800,
2.000) vong/phut, thoi glan quay la 1 phut. Sau moi lan thi
nghiém, quan sat cac mau thudc nhan thay, 6 toc do quay
1400 vong/phit mau thudc chua dudc vo tron, ty 1€ hat
thudc thon dai con cao. 0 toc do 1. 600 vong/phat cac hat
thudc hda thuat da dudc vo tron déu. G cac toc do (1.800,
2.000) vong/phit qué trinh quay vo tao hat da bat dau
xudt hién hién tudng bui thuéc do hat thudc bi va. Vi vay,
Iia chon toc do quay dia vo tao hat 1a 1.600 vong/phut la
phii hdp. Hat thudc hoa thuét tao thanh cd kich thudc tron
déu, chat két dinh bao boc tron ven dudc hat thudc, gitp
thuéc phong 4m t6t, an toan trong su6t qua trinh sti dung,
bao quan.

Tiép tuc khao sét thoi gian quay khac nhau cla dia vo:
30 giay, 1 phut, 1,5 phit 6 toc do quay la 1.600 vong/
phit. Sau thi nghiém nhén thay, & thoi gian 30 gidy cac
hat thudc chua dudc vo tron; ¢ thdi gian 1 phat, 1,5 phat
céc hat thudc da dudc vo tron déu. Tuy nhién vdi thdi gian
vo tao hat dai sé lam cho hat thudc sén chéc hon, dan dén
tang mat do rac cua thudc, vi vay lua chon thdi gian vo tao
hat 1 phut Ia phu hgp dé ché tao thu6c CC-NLP17.

2.4. Hiéu suat ché tao thudc héa thuat CC-NLP17

_Thudc hoa thuat CC-NLP17 sau khi ché tao dugc cén
dé xac dinh hiéu suat ché tao. Két qua Iudng thudc thu
dudc la 97,1%, tudng dudng lugng bui mat di 1a 2,9%. Nhu
vay, vdi phudng phap ché tao nay cho hiéu suét thu thudc

hoa thuat cao, gitp tiét kiém vé thdi gian va chi phi cho
ca qua trinh.
2.5. Céc déc trung néing luiong xa thuét ctia thudc hoa thuét
Thudc hoa thuat CC-NLP17 ché tao dugc, ti€n hanh do
dac cac ddc trung nang ludng xa thuat, cho két qua nhu sau:
Bang 3: Cac chi tiéu chinh ctia thudc hoa thuat CC-NLP17

11} Tén chi tiéu Két qua
. Hat mau

1 | Dang ngoai vang xam

2 | Ham lugng dm, % 0,09

3 | Mat do rac, g/cm3 1,85

4 | Nhiét do bung chdy, °C 470

5 | Nhiét lugng chay, cal/g 298

6 | Thé tich khi sinh ra sau khi chay, L/kg 6,5
Théi gian chay clia vanh ty hdy ngoi

7 NPL-17 6 diéu kién thudng va sau khi thi 08 = 32
nghiém rung xdc, soc nhiét va moi trudng ’
theo TCVN 7699-2-30:2007:PA2, gidy

3. Két qua thir nghiém thue té thuoc hoa
thuat trong ngoi dan

T cac két qua nghién ctu trong phong thi nghiém,
da ché tao 16 thudc hoa thuat CC-NLP17 (2,0kg) dé tién
hanh th nghiém tai trudng thii Nha may Z129. Két qua thu
nghiém nhu Bang 4:

Két qua cho thay: Khi sli dung thudc hda thudt CC-NLP17
nén ép vao vanh tu hiy ngoi NLP-17 cho két qua dat yéu
cau. Cac muc thd nghiém tif diéu kién thudng, qua moi
truting, s6c nhiét va ban kiém tra tu hiy déu ¢ do chum
cao. Thudc hoa thuat CC-NLP17 hoan toan dap ting dudc
cac yéu cdu dé st dung cho ngoi NLP-17.

Bang 4: Két qua thli nghiém tai Nha may 2129

Hang muc Thdi gian tu hay (giay) Ghi chi
20no0dua ot | 29,66+30.75 | atyeu o
2 e ™ | 20753157 | atyeu o
20 no0iaue MO | 250+ 30,53 | Datyeu o
200001 bin K2 | 27193100 | atyeu oy

IV. KET LUAN

Nhom tac gid da nghién ctu, thii nghiém va ting dung
thanh cong phu gia mdi, it ding trong ché tao thudc hoa
thuat CC-NLP17. Cong nghé ché tao thudc hoa thuat dudc
cai tién, st dung thiét bi pht hdp cho san phdm thudc hoa
thuat déng déu vé cd hat, co mat do rac phu hop va dat

(Xem tiép trang 81)
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NGHIEN CUU KHA NANG TUAN HOAN BUN CAN NANG NHAM TANG HIEU QUA LANG
TRONG HE THONG XU LY NUGC THAI KHAI THAC THAN

SUMMARY:

NGUYEN VAN TUNG', NGUYEN HAI NINH2.
1. Vién Cong nghé xa hiém

2. Cdng ty Cd phan Tin hoc, Cong nghe, Mdi trudng - Vinacomin

This report presents the results of study on the ability to circulation heavy sludge to increase
settling efficiency in coal mining wastewater treatment system. Characterization of sludge in coal
mining wastewater treatment has been studied. The process of separating heavy sludge and light
sludge is carried out by a hydrocyclone device. The results showed that the presence of heavy sludge
helps to make the sludge settling process faster, with the sludge/wastewater ratio of 0.5g/1, the settling
time of the sludge is only 85 seconds compared to the settling sludge process normal is 165 seconds.
The obtained results are applicable in practice on a large scale.

Keywords: Study on circulation ability of heavy sludge to increase settling efficiency in coal mining

wastwater treatment system.

1. MO PAU

Nganh than hién dang ap dung 02 hinh thtic khai thac
16 thién va ham 10. Khai thac 16 thién thuong tao ra cac ho
moong sau so vGi dia hinh tu nhién cta khu vyc, nguon
nudc chay vao moong bao gém nudc ngam va nudc mua.
Khai thac ham 10 tao ra cc duong 10 di sdu xudng long
dat, nguon nudc chay vao ham 1o chu yéu la nudc ngam
tham ra. Dé khai thac dudc than cén thuc hién bom thoat
nudc ra khoi khu vuc, ti do xudt hién nudc thai mo.

Nudc thai mo thuding c6 tinh acid va ham luidng kim loai
(chu yeu la Fe, Mn) cao nguyén nhén la do trong cac mo
than déu co pynt (FeS,) di kem. Khi khai thac than pyrit sat
¢ trong than va trong cac via dd tiép xac vai khdng khi va
nudc, bi oxy hod, sé tao ra axit H,S0,. Theo cong nghé khai
thac, vung dia Iy, dia chat tang khai'thac va thoi tiet (mua
mua, kho), thanh phan c4c tac nhan gay 6 nhiém trén co thé
thay d6i. Hién nay, nudc thai trong hoat dong khai thac than
dang dudc xu Iy bang nhiéu cong nghé khac nhau dé dam
b&o tiéu chuén theo quy dinh trudc khi xa thai. Quy trinh x0
ly chung hién nay dugc thé hién trong Hinh 1.

[ B& diéu lugng |—4 Ban can nang |

0 | Trnghoa |

[ PAC,PAM ——{  Keoty |

[ Léngbin  |—q{ Béchiabun |— Xirly bin (ép, do thai) |

Hinh 1. Quy trinh cong nghé chung cho céc tram xi Iy nudc thai
khai thac than
Trong mot quy trinh xt Iy, cong doan lang bun can mot
thai gian Iuu nudc thudng vao khoang 1-2 gio tly theo loai

Hoéa hoc & Ung dung
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bun va cdu tao cta bé Iang (Iang ngang, lang nghiéng, Iang
ty tam), thdi gian luu dé lam toc do cta dong chay giam
xuong 6 mdc bun can co thé lang xudn day bé dudc. Do
viéc lang can thuong phal phu thudc nhiéu vao toc do Iang
nén trong qua trinh van hanh terdng kho khan, dé xay ra
hién tudng Iang khong triét de nén khong dam bdo chi tiu
t6ng chat ran lo ling. (TSS) ctia nudc sau khi x Iy. Vi vay,
kich thudc cua bé lang thudng rat I6n, chiém nhiéu dién
tich nhat trong hé thong, 13 yéu to anh hu0ng I6n nhat dén
quy mo cong trinh.

Trong qua trinh 1ang, cac hat dan dan két hap vdi nhing
hat khac tao thanh nhUng bong can I6n hon va Iang xuong.
Do do, van ’goc lang cua hat tang dan theo do sau lang.
Hién tuong lang tao bong dudc mo ta trong Hinh 2.

B siin Lip mude tinh trm it thoing,

\

Hinh 2. Qua trinh tao béng lién tuc
Pé ting toc do Iéng cla hat, mOt cach don gian va
dé thuc hién 1a 1am giam do nhét cla huyén phu hozc
lam téng ty trong cla ban. Tuan hoan bun 1a mot phudng
phap da va dang dudc nghién cuu vdi nhiéu muc dlch khac
nhau, trong d6 c6 kha nang tang toc do Iang cua bun.
Trong quy trinh trung hoa, két tla, keo tu truyén thong hién

Thei gian — =



dang ap dung, cac hat can sé 6n dan lén qua qua trinh keo
tu, khoang cach gida cac hat tudng doi [6n va hinh thanh
nén cac Idp vo dinh hinh xép chdng Ién nhau dang X0p co
thé tich 16n. Phuong phdp tudn hoan mdt phan bun dugc
tach ra tU bé lang hoa tron véi nudc thai trudc khi sang
cong doan trung hoa, khi do PH nudc thai sé tang do lugng
vi con du thia trong bun va cac hat nho phan tan sé ket
tu trén bé mat céac hat da két tu trudc do6 va cudi cung hinh
thanh nén mot két tu co kich thuac I6n han. Bun trung hoa
khi d6 co khoi |uigng 16n han va nong do cao han nén de
dang téch ra khoi nudc bang qua trinh lang, tdc 1 hiéu qua
lang sé cao han. Bun can nang hoac bun ¢o dac sé dudc
tach tii bé chia bun va tuan hoan lai bé trung hoa béng
phuang phap thay cyclon. bay la mot phuong phap hiéu
qua dé tach bun va c6 kha nang ting dung trong thuc té.

Tai Viét Nam, cac nghién ciu tuén hoan bun trong qua
trinh x{t Iy nudc thai chu yéu dudc ap dung doi véi qua
trinh x( ly sinh hoc ca bun thai, do vy viéc nghién ctu
&p dung phudng phap tun hoan bun d6i vi qua trinh X ly

nudc thai khai thac than la can thiét va co y nghia thic tién
[6n. Quy trinh cong nghé du kién nhu Hinh 3.

‘ Bé diéu lugng }—" Bun cén ning

Tuan hoan bin

co ] Trwghea f—
| PAC,PAM —

Keo tu l

|

[ Lingban |—{ Béchiabin F— Xurly bun (ép, d6 thai) |

{ Tuan hoan nurée hodc xa thai ;

Hinh 3. Quy trinh cong nghé xi Iy nudc thai khai thac than
sti dung phudng phap tuan hoan bun

II. NOI DUNG

1. P6i twong va phwong phap

1.1. Doi tugng

Dung dich nu0c thai dudc lay truc tiép tu nguon cap vao
bé diéu lidng cua khu xu ly nudc thai tap trung 6 mo khai
thac than nti Nhén, tinh Quang Ninh.

V6i bot dudc st dung lam tac nhan trung hoa.

Hoa chat PAM dudc st dung dé keo tu va tang cudng
kha nang I&ng, loc cua dung dich sau xu Iy.

1.2. Phugng phap

Quy trinh thyc nghiém xac dinh mot s0 dac trung cua

nudc thai, bun thai va qué trinh tudn hoan bun dudc thé
hién trong Hinh 4 va Hinh 5.

Dac trung bun
Toc d¢ lang

‘ ‘ femmmmmmnnany bic trung bun
3““1;_.{\_9_1_:{3}{\4““____Ejfl]l____:—' Xiéc dinh téc d§ ling

Hinh 4. Quy trinh thuc nghiém xac dinh mét s6 déc trung
cuia nudc thai, bun thai

i Nudc thai mo ! i Bun can nang + bun sau trung hoa, keo tu

g Tuén hoan ;
CaO ——‘ Trung hoa ‘*——‘ Bun nang Buin nhe
i pac,PAM ]  Keotw | Xic dinh dic trung

J

Xéc dinh téc

Hinh 5. Quy trinh thuc nghiém xac dinh kha nang tuan hoan bun

do lang

Céac chi tieu TSS, Mn, Fe, pH dudc xac dinh theo
QCVN40:2011/BTNMT.

Toc do Iang tu nhién cua TSS trong mau nudc thai ban
dau dudc xac dinh nhu sau: cho 1 lit dung dich thai ban dau
vao coc thiy tinh 1 lit ¢ chia vach, dé Iang tu nhién vdi thdi
gian 0,5 gid, 1 gid, 2 gid va 3 gid. Sau m6i thoi gian trén sé
gan Iay 2/3 ligng nudc trong dem di phan tich chi tiéu TSS.

Toc do 1ang clia bun dudc xac dinh nhu sau: Sau khi két
thuc qua trinh xd ly, dung, dich nudc thai chtia bun sé dugc
nguing khuay, st dung dong hd bam gidy dé xac dinh thoi
diém lang cua bun theo thai gian.

2. Két qua va thao luin

Bang 1 cho thay mot so dac trung va thdi gian lang tu
nhién cua nudc thai. Két qua thu dugdc cho thdy, ham IUOng
TSS ban dau trong nudc thai 1a 190ppm, ham lugng Fe va Mn
lan lugt Ia 80ppm va 5,5ppm, pHla 2,5. Co thé thay tét ca cac
Chl tiéu trén cua nudc thai déu Vgt qua tiéu chuan cho phép
cua QCVN 40:2011/BTNMT, do d6 can phai xtt ly dé dam
bao tiéu chudn xa thai. Két qua thu dugc cho thay, khi dé Iang
tu nhién, thdi gian Iuu nudc cang lau thi higu qua lang cang
cao. Trong 30 phut d4u toc do lang trong dién ra rét nhanh do
cac hat can co kich thudc I6n di xudng déy cdc. Cac hat co
kich thudc nhd hon sé 1dng dan theo thoi gian v6i toc do Iang
cham dan theo kich thudc hat va dén khoang 1-2 tiéng thi cac
hat can 10 Iing c6 thé nhin thdy sé ldng hoan toan.

Bang 1: Két qua phan tich nudc thai sau khi dé Iang tu nhién

Thai gian léng (gid) (szl) ( p';fn) ( p'g“m) pH
0 190
0,5 126
1 97 80 55 2,5
2 85
3 80
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P . 1SS Fe Mn
Thdi gian lang (gio) (ma/l) (ppm) (ppm) pH
QCVN CotA 50 1 0,5 6-9
40:2011/ R
BTNMT CotB 100 5 1 55-9

Sau khi dé lang, ham lugng TSS dat QCVN 40:2011/
BTNMT theo c6t B nhung khong thé dat tiéu chudn theo
cot A. Tuy nhién, céc chi tiéu kim loai nang va pH déu vugt

Su c6 mdt cla céc chét keo tu lam céc hat két tla hydroxit
cta Fe, Mn va cac chat ran Id Iting trong nudc thai két tu
lai v6i nhau, lam tang kich thudc hat cua két ta, do do
lam tang toc do lang cla bun. Phan bin sau khi trung hoa
va keo tu sé dugc loc, thu hdi phan bun dé phan tich mot
s0 chi tiéu cd ly dé danh gia dac trung cua ching. Két qua
dudc thé hién trong Bang 3.

Bang 2: Mot so déc trung cta nudc thai sau khi trung hoa

tiéu chudn cho phép. Do vay, can phéi xi1 Iy kim loai ning va keo ty
bang phudng phap trung hoa vdi siia voi. Phan cag lang . .| QCVN 40:2011/BTNMT
sau 1 gid sé dugc phan tich mot so chi tiéu ca ly dé danh Chi tiéu Gt T cote
gia dac trung ctia ching, phén dung dich chia huyén phu : :
§ trén sé dudc chuyén sang lam d6i tugng cho cac thi pH 802 | 6-9 |55-9
nghiém khao st tiép theo. Mn 0,2 0,5 1,0
Bang 2 thé hién két qua danh gia cac chi tiéu sau khi Fe 11 10 5.0
trung hoa va keo tu. Két qua thu dudc cho thay, cac gia tri - -
pt, ham uong Fe va Mn déu dat tié chun xa thai theo | Thdi gan | TunoNoa | 224
QCVN 40:2011/BTNMT. Két qua cang cho thdy su khac | '4"d CUa bt | Trung hoava | 4 ec
biét vé t6c do Iing clia bun thay déi khi co mat chét keo tu. (02y)  |keoty
Bang 3: Mot so tinh chat ctia bin thai
Thanh phan hat
5 Hat cat | Hat bui Hat sét Khﬁ_iﬂlmlmg o
17 Mau - riéng Phan loai dat
Kich cd hat (mm) (a/cm?)
0,5-0,25 | 0,25-0,1 | 0,1-0,05 | 0,05-0,01 | 0/01-0/005 | <0,005
1 |Bun cédn 0,5 0,8 20,9 43,3 11,9 22,6 2,37 Bln sét xam nau
2 | Bun sau trung hoa 0,4 1,0 34,9 51,8 6,8 51 2,49 Bun 16ng xam nau

Két qua phan tich bun cho thay, bin ¢in nang co thanh
phan cd hat chl yéu dudi 100um, cac ¢d hat bui chiém ty
|6 16n (t6ng khoang 55%), ngoai ra hat sét ciing chiém ty
16 kha I6n (khoang 22,6%), con lai la hat cét véi kich thudc
tir 50 dén 100um (khoang 21%). Dai véi bun sau trung
hoa, ty I¢ hat cét véi kich thudc tir 50 dén 100um chiém
khoang 35%, ty 18 hat sét kha nhé (khoang 5%) thap hon
nhiéu so vdi bun can, hat bui co ty 16 khoang 58%. Bun
can ¢6 thanh phan tu nhién, chl yéu la dat cat dudc bom
lén theo nudc thai trong qud trinh khai thac than, do vay
c0 thanh phan hat sét kha I6n. Bun sau trung hoa ¢ thanh
phan chi yéu la cac hydroxit clia Fe va Mn, ngoai ra con
c6 mot lugng huyén phu chua lang cda qua trinh lang tu
nhién, sau qua trinh keo tu cac hat sé co kich thudc I6n
han, do do6 ty 16 hat sét tuong d6i nho. Mau bun cdn va
bun sau trung hoa sé dudc tron déu véi nhau 1am méu cho
qua trinh tach bun cdn ndng dé tudn hoan lam tang qua
trinh lang cta bun.

Qua trinh tach bun can nang dudc thuc hién bang hé
thiét bi thay cyclon nhu Hinh 6. Bun sau khi tach dugc
phan chia thanh 2 loai (Hinh 7) va c6 thanh phan cd hat
thé hién trong Bang 4.
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Bang 4: Dac trung ban sau khi tach bang cyclon

Thanh phan hat .
Hat cét [ Hatoui [ Hatset | ooy | 1
m Méu Kich cd hat (mm) rieng | 18
o | (%)

05- | 025 | 01- | 005 | 0,01- 4

025 | 01 | 005 | 001 | o005 | <0005| ¢

Bun can

1 nang 05 (68 1(652| 251 | 1,7 | 0,7 |3,81]55
2 |Bunnhe |01 (03131318 596 51 [152]45

Két qua sau khi tach cho thdy, bun can nang c6 thanh
phan chi yéu 1a cac hat c6 kich thudc I6n han 0,01mm;
trong do kich thudc hat tif 0,05 - 0,1mm chiém dén 65,2%.
Nguadc lai, bun nhe c6 thanh phan kich thudc hat chu yéu
la 0,005 - 0,1mm, khodng 59,6%. Do dd, ty trong bun cén
nang tang Ién dén 3,81g/cm? va bun nhe co ty trong chi
khoang 1,52g/cm?. Phan bun can nang sé dugdc st dung
cho qua trinh nghién ciiu tiép theo. Nudc thai dudc trung
hoa bang Iudng voi da dudc sti dung trong qua trinh trén,
sau do cho thém bun thai vdi ty 16 khac nhau, tiép theo
cho thém chat keo tu theo dung ty 1€ da thuc hién ¢ trén,
sau d6 xac dinh thoi gian lang cla bun. K&t qua dudc thé
hién trong Bang 5.

Bang 5: Téc dd lang cua bun khi cho thém bun can néng

m th’i lugng 'I:hé tich pH !(é't Thai gian lang
bun (g) nudc thai (1) thic (gidy)

1 0,0 1 8,02 165

2 0,25 1 8,17 121

3 0,5 1 8,31 85

4 0,75 1 8,45 78

5 1,0 1 9,04 75

Liing ¢6 thém bin cin niing: 0,5 g/l

Liing théng thudmg (khéng cho thém biin)

Hinh 8. Hinh anh lang cua bun 6 cac diéu kién khac nhau

Két qua thu dudc cho thdy, khi ty I bun/nudc thai tang
thi toc do lang va pH dung dich déu tang Ién. Thdi gian
lang ban ddu khi khong c6 bin can 1a 165 gidy, hinh anh
qua trinh lang cho thdy phan dung dich sau lang con nhiéu
hat huyén phu |0 Iing, dung dich ¢6 mau duc (Hinh 8).
Khi c6 mat bun can, toc do lang tang Ién va phan dung
dich phia trén con it hat huyén phu I Iting va trong han rat
nhiéu, bong bun hinh thanh c6 kich thudc 16n han, dé lang
han. Do trong bin can nang tuan hoan con mot lugng voi
nhat dinh sau qua trinh trung hoa trudc van chua tan hét,

@

do d6 lam cho pH dung dich tang Ién cao han so vdi thong
thudng. Ty 16 bun tang 1én hon 0,5g/I thi tdc do 1ang tang
Ién khong nhiéu, do qua trinh keo tu tao bong da 6n dinh @
mot ty 16 bun nhét dinh nén du ty 1& bun/nudc thai co tang
thi t6c do lang caing tang thém khong dang ke.

Tdc do lang cua bun tang Ién gép doi. Mt khac, tudn
hoan bun béng thuy cyclon 1a mot phuong phap c6 thé ap
dung trong thuc t€, do vay doi véi nhiing hé thong tram x(
ly dang van hanh hién nay co thé gitp tang cong sudt xd ly
clia chiing, con vGi nhiing tram mdi xay dung c6 thé thiét
ké hé thong vdi cong sudt I6n hon. Nhu vay, tudn hoan
bun la m@t phudng phap ¢6 y nghia khoa hoc va thyc tién
I6n. Tif cac két qua nghién ctiu thu dude, phudng phap nay
sé dudc ap dung trong thuc té tai tram xU Iy nudc thai tap
trung mo khai thac than Nui Nhén véi cong suat 1én dén
600m?3/h. Két qua sé dudc bao céo trong thdi gian tdi.

III. KET LUAN

Qua trinh tudn hoan ban lam tang kha nang lang cla
biin thai trong qua trinh x( Iy nudc thai khai thac than da
dudc nghién ctu. K&t qua danh gia dac trung cla bun thai
cho thdy kich thudc hat cta bun chi yéu tir 5 dén 100pum.
Qua trinh tach bun ndng bang thly cyclon thu dudc 55%
buin ¢ kich thudc tif 50 - 100um dugdc st dung lam doi
tugng tuﬁn,hoan bun. Vi ty 1& bun/nudc thai la 0,5g/1 cho
thdi gian lang cla bun giam tii 165 gidy (khi khdng c6
bun) xudng con 85 gidy. Mat khac, su c6 mat cua voi
va chat trg lang con lai trong bun tuan hoan gitip cho pH
dung dich tdng cao han, khoang 8,5 so véi pH = 8 ¢ diéu
kién thudng, gip X ly triét dé cac ion kim loai nang hon.
Phuong phap nay c6 kha nang (ing dung trong thuc té,
gilip tang cong sudt x{i ly clia cac tram xU ly nudc thai hién
hanh hoac nang cao cong suat vdi cac tram X0 Iy mai.
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Phan bién: TS LU’'U XUAN PINH

NGHIEN CUU CHE TAO THUGC HOA THUAT CC-NLP17...

hiéu suat cao. K&t qua cho thdy, khi b6 sung céac phu gia
nano Fe,0,, aerosil Si0, va st dung cong nghé ché tao
mdi, thuoc hoa thuat CC-NLP17 c6 cac dac trung nang
lugng xa thudt phu hdp va chay khong bi anh hudng bdi
cac diéu kién tac dong khac nghiét clia phat ban. Tu do co
thé nghién ctu cai tién dudc ché do cong nghé nén ép don
gian, thuan tién nhat ap dung vao thuc té. San pham thudc
hoa thuat CC-NLP17 dap ting day du cac yéu cau vé mat
do, toc do chay, nhiét Iugng, thé tich sinh khi dé st dung
cho ngoi NLP-17.
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Phan bién: TS TRAN QUANG PHAT

HOAN NGHENH BAN POC PHE BINH BAO!
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