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CHE TAO VA TINH CHAT CUA VAT LIEU NANO ZnS TRONG QUANG XUC TAC
PHAN HUY DUNG DICH CONGO RED
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Tém tit: Trong nghién ciru nay, vit liéu nano ZnS dwoce ché tao thanh céng bang phirong
phép thity nhiét nham g dung cho quang xiic tic phdn hiy dung dich Congo red (CR). Pdc
trung, tinh chat vat lieu ZnS dwoc khdo sat bdng anh hién vi dién tr quet (SEM), nhiéu xa tia X
(XRD), phé tir ngoai — kha kién (UV — Vis). Anh SEM cho thdy cdc cau tric nano ZnS cé diong
kinh trung binh khoang 400 nm, duwoc két thanh hinh giong nhuw cac bong hoa dwong kinh c&
micromet. Gian do XRD xdc nhdn cdc dinh nhiéu xa ddc trung cho cau triic tinh thé cia ZnS. Pho
UV-Vis cho thdy bién hdp thu ddc trung va do rong ving cam cua vt lieu ZnS. Xic tac nanno ZnS
phdn hiy khodng 90% Congo red sau 150 phiit chiéu xa béi dén tir ngoai.

T khoa: Vat liéu nano ZnS, thuy nhiét, quang xuc tac, dung dich Congo red.

SYNTHESIS AND CHARACTERIZATION OF ZnS NANOMATERIAL FOR
PHOTOCATALYTIC DEGRADATION OF CONGO RED DYE

Abstract: In this study, ZnS nanostructures were successfully synthesized by hydrothermal
method and its photocatalytical activity was studied. Scanning electron microscope (SEM), X-ray
diffraction (XRD) and ultraviolet - visible (UV - Vis) spectrum were used for characterization of
morphological, structural, and optical properties. The SEM images revealed that the ZnS has a
flower-like shape with a mean diameter of 400 nm. XRD diffraction patterns confirmed the
characteristic cubic structure of ZnS. The optical band gap energy of sample determined
according to the Tauc’s equation is 3.6 eV. The photocatalytic performances of the catalyst were
investigated by photodegradation of Congo red dye solution under UV irradiation. At an initial
Congo red concentration of 10 mg/L and catalyst dosage of 0.5 g/L, the dye degradation efficiency
reached up to 90% within 150 min.
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1. GIOI THIEU

Kém sulfua (ZnS) 1a vat liéu ban dan loai IT — VI duoc nghién ctru rong réi do tiém ning
mg dung trong nhiéu linh vye: xtc tac, thiét bi quang hoc phi tuyén, di6t phat quang, man hinh
phang, ctra s6 hong ngoai, bd phat truong, cam bién va laser [1, 2]. ZnS c6 mot s6 uu diém nhu
phat huynh quang manh, 6n dinh cao, khong ddc hai va ré tién [3]. ZnS ton tai ¢ hai dang tinh
thé chinh 1a 1ap phuong va lyc giac, nd duoc nghién ctru thir nghiém nhu mot chét xuc tac quang
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dé phan huy hau hét cac chat mau hitu co nhu Malachite green, Methylene blue va Congo red

..[4, 5, 6]. Tuy nhién, ning luong ving cadm 16n (E; = 3,21- 3,71 eV), twong tng vdi ning luong
cua buc xa tir ngoai (A < 340 nm) nén hoat tinh quang xuc tac ciia ZnS khoéng cao khi st dung
trong thuc té, dudi diéu kién anh sang mat troi, do burc xa tir ngoai chi chiém khoang 4% trong
anh sang mat troi [7].

Pé nang cao hiéu suat phan huy cac chit mau hitu co, mot s6 nhom nghién ctru di ché tao
ZnS pha tap boi cac ion kim loai, kim loai chuyén tiép nham cai thién su phén tach dién tir - 15
trbng va mé rong ving hap thy anh sang cua vat liéu [8, 9]. Ngoai ra, nghién ctru diéu khién hinh
dang, kich thudc hat, dién tich bé mat, c4u truc tinh thé bang cac phuong phap ché tao khac nhau
cling da dugc thyc hién [10, 11, 12]. Trong nghién clru cia Jaya Mary Jacob va cac cong su da
chimng to rang, hinh thai cta céc cham luong tir ZnS véi kich thude trung binh 5-7 nm va ciu
trac mang tinh thé 1ap phuong, dong mot vai trd quan trong trong viéc ting cudng hiéu suat
quang xtc tac d6i voi su phan hiy cua CR [13]. Hiéu sut quang xuc tac trong viéc loai bd CR
khoi nude thai duoc ting cuong dang ké nhd hinh thai cua cic hat nano ZnS ché tao bang
phuong phap két tiia hoa hoc, véi kich thude hat nho hon va cau triic da tinh thé [14].

Phuong phap thiy nhiét c6 nhiéu wu diém dé ché tao vat liéu nano nhu chi phi ré, an toan
va kha nang linh hoat diéu khién duge hinh dang, kich thudc vat liéu téng hop qua viéc diéu
chinh ti 1& cac chit va diéu kién ché tao. Trong nghién ciru ndy, chung t6i béo cao két qua ché tao
vat liéu ZnS c6 céu triic nano bang phuong phap thity nhiét va nhitng két qua ban dau vé tmg
dung cua vat liéu ché tao dugc trong quang xtc tac phan hily CR.

2. THUC NGHIEM

2.1. Ché tao vit li¢u nano ZnS

Quy trinh ché tao vat liéu nano ZnS cu thé nhu sau: Hoa tan 8 mmol Zn(CH3COO),.2H,0
trong 80 ml nudc khir ion sir dung may khudy tir trong thoi gian 60 phut. Twong ty, 8 mmol
SC(NHa). ciing duoc hoa tan riéng trong 80 ml nude khir ion & cung didu kién. Sau khi ca hai chat
duge hoa tan hoan toan, dung dich Zn(CH3COO).2H20 dugce tron cung dung dich SC(NH2): va
khudy tiép trong thoi gian 30 phut tai nhiét d6 phong. Tiép theo, chuyén toan bd hén hop vao binh
thiy nhiét va gitr 6n dinh nhiét trong ti say 6200 °C trong 24 gio. San pham két tua duoc ria nhiéu
lan bang nu6e khir ion va con, sau do tién hanh quay ly tam véi toc d6 5800 rpm va dem say kho
trong ti sdy & 60°C trong 24 gio.

Hinh thai bé mit cua vat lidu dugc khao sat boi kinh hién vi dién tir quét (SEM, JEOL
7600). Gian dd XRD duogc ghi trén may XRD, X-Pert Pro, Malvern Panalytical Ltd., Malvern,
UK, ngudn birc xa Cu-Ky & goc nhidu xa 2 theta trong dai do 10 — 70°. Phé hip thu quang hoc
duogc khao sat boi may quang phd tir ngoai — kha kién (PG-T90, UK).

SC{NHz)z : 8 mmol
H:0: 80 ml

Vat liéu nano ZnS

< 3 Thiynhiét -
Tron cdc (A) vao (B) 200°C/24h " Loc, s, sdy
Khuay tir 60 phit q ‘
Zn (CH3CO0)2.2H20 : 8 mmal 60°C/24h

Hy0: 80 mi
B Khudy tir 30 phut

Khudy tir 60 phat —

Hinh 1. So do ché tao vit liéu ZnS bang phwong phdp thity nhiét
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2.2. Khao sat kha ning quang xuc tac phan hiy CR cia vét li€éu nano ZnS

béc tinh quang xtc tac cua t6 hop vat liéu nano ZnS dugc khao sat v6i dung dich CR ndng
d6 10 mg/l véi su bd sung chat 6xy hoa manh H,0, (1 ml) va birc xa phat ra bai dén tir ngoai
(365 nm, 40 W). Trong mdi thi nghiém, 50 mg ZnS ctng véi 100 ml dung dich CR dung trong
cde dung tich 250 ml dugc khudy déu bang may khuay tir trong tdi trong thoi gian 60 phut dé dat
duogc sy hap phu cin bang giita CR va ZnS. Chiéu sang dung dich bang dén tir ngoai, sau do6 theo
chu ky 30 phut, khoang 7 ml dung dich trong cdc dugc rat ra va quay ly tim nham loai b hoan
toan vat liéu ZnS. Dung dich CR thu dugc dugc phan tich boi may quang phd UV — Vis (PG-
T90, UK). Nong d6 cua CR dugc do tai budc song Amax = 530 nm.

3. KET QUA VA THAO LUAN

Hinh 2 13 két qua anh SEM cua miu ZnS. Tir anh SEM d6 phan giai thip (Hinh 1a) ching
ta co thé thay vat liéu bao gdm cac vi hat nano ZnS dang hinh cau két thanh cac d4am nhu bong
hoa va chi mét s it cac vi hat tach roi nhau. Di v6i anh phan giai cao (Hinh 1b) ¢6 thé quan sat
thdy cac vi hat phan 16n vudt nhon & dau, dinh huéng khac nhau trong khong gian. Quan sat k§
hon c6 thé thiy cac hoa nano ZnS véi dudng khoang 400 nm, tao ra cac khe ho va 18 trong, diéu
nay gitip tang cudng dién tich bé mat hip thu chit mau, tir d6 ting kha ning quang xuc tac phan
huy chit mau cua vat liéu.

Hinh 2. Anh SEM (a) do phan gidi thap va (b) d6 phdn gidi cao ciia mau ZnS

Hinh 3 1a gian d6 XRD cua vat liéu ZnS trong dai do tir 10° dén 70°. Cac dinh quan sat
dugc tai cac vi tri goc 26: 29,2° 48,6° va 57,5° tuong ng v6i su phan xa tir cac mat phéng tinh
thé (111), (220) va (311) cua pha lép phuong (cubic) cua ZnS, (101 chiéu véi thé chuan JCPDS
05-0566. Tét ca cac dinh déu c6 cudng do 16n, nhon va khong xuét hién cac dinh la cia tap chat
cho thay do tinh khlet cao cua vat liéu ché tao duge [13-14]. Két qua nay twong ty nhu quan sat
thy trong cac mau ZnS dugc tao ra bang phuong phap nghién bi [15] va phuong phap vi long
[16]. ZnS ¢6 chu tric tinh thé lyc giac da duoc quan sat thay trong cac mau dugc tao ra bang phuong
phap dong két tta [17] va phuong phap mau tinh thé 1ong phan 16p [18].

ZnS lap phuong
(111) Thé JCPDS s6: 05-0566

(220)

Cudrng dd (DVTD)

(311)

10 20 30 40 50 60 70
Goc 2 theta (dd)

Hinh 3. Gian dé XRD cua mau ZnS
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Hinh 4 1 phd hép thu cia miu ZnS dugc do tai nhiét d6 phong, trong dé bién hap thu
chinh xuét hién & budc song 255 nm. Nang lugng ving cAm cua vt liéu ZnS duge xéac dinh tir
su hip thy tia UV dé dién tir dich chuyén tir dai héa tri sang dai d?m St dung phuong trinh Tauc:
(ahv)’ = C x (hv - Eg) (trong d6 C, a, E, va hv tuong tmg 13 hang s ty 1&, hé s6 hap thy, nang luong
vung cam va nang luong photon) [15], tir d6 tinh dugc gié tri ciia ndng lugng ving cim E, ~ 3.6 eV.
Két qua nay twong tu bao cao bdi nhém Nayereh Soltani [19].

D6 hap thu (BVTD)
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Hinh 4. Phé UV-Vis ciia mdau ZnS (hinh chén bén trong la ndang heong viing cam tinh todn tir
phuwong trinh Tauc).
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Hinh 5. a) Sy thay doéi phé hap thu ciia dung dich CR theo thoi gian chiéu birc xa tir ngoai,
b) Puong phu thuéc C/C, theo thoi gian chiéu birc xa tir ngoai cia CR.
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Hinh 5a 1 phd hip thu quang hoc cua dung dich CR dugc do sau mdi 30 phut chiéu sang
bang dén tir ngoai v4i sy co mit cia vat lidu ZnS. C6 thé quan sat thy cuong do hap thu tai
budce song 530 nm cua CR giam dan khi ting thoi gian chiéu sang va gan nhu bién mat sau
khoang 150 phut. Sy giam dan ndng d6 ciia CR dugc thé hién chi tiét trén Hinh 5b. O day C, la
néng d6 dung dich CR ban dau (10,3mg/l) vaCla néng d6 sau khi chiéu buc xa.

Hiéu suat phan huy CR dat khoang 50% sau 30 phut dau tién, sau d6 nong d6 CR giam
dan va cham t&i ~ 90% sau 150 phut chiéu dén tir ngoai.

Ngoai ra, kha ning phan huy CR ciing dugc so sanh véi cac chit xtc tac quang khac trong
cac cong bd trude day (Bang 1). Mau ZnS véi hinh thai cac vi hat két lai thanh hinh giéng nhu
bong hoa c6 hoat tinh quang xuc tac cao hon; do d6, ching 1a vat liéu co trién vong cho viéc xir
1y 6 nhiém moi truong.

Bdng 1. So sanh kha ning phdan huy CR ciia cdc chat xic téc quang.

Thoigian  Hi¢u suat Tham

Phuwong phap Hamlwgng Nong do dung phinhiiy  phdn hiy o

Vat liéu

che tao chit xtic tic dich CR ban dau (phit) (%)
ZnS Thuy nhiét 100 mg 12 mg/L 120 96,30 [20]
Két tiia

ZnS héa hoc 60 mg 20 mg/L 180 27,84 [14]
Fe304@ .,

CuO Vi song 30 mg/L 300 90,00 [21]
NiS Thuy nhiét 100 mg 30 mg/L 210 98,00 [22]
ZnS Thuy nhiét 50 mg 10 mg/ L 150 ~ 90,00 Bai bao

4. KET LUAN

Bing phuong phap thuy nhiét don gian chung toi di ché tao thanh cong vat liéu ZnS c6
hinh dang nhu bong hoa, kich ¢& micromet dugc tao thanh tir cac vi hat ZnS kich thudc nanomet.
Thur nghiém tinh chét quang xuc cua vat liéu ché tao duoc cho théy, 90% CR bi phan huy sau
150 phut chiéu sang boi dén tir ngoai. Nghién ciru ndy ching to tiém ning ung dung cta vat liéu
nano ZnS trong quang xuc tac phan huy dung dich CR.

TAI LIEU THAM KHAO

[1] Nannan Jiang, et al. (2012), “Ethanol amine-assisted solvothermal growth of wurtzite-
structured ZnS thin nanorods”, Journal of Alloys and Compounds, 536, 85-90.

[2] Nicola Dengo, et al. (2020), “In-Depth Study of ZnS Nanoparticle Surface Properties with
a Combined Experimental and Theoretical Approach”, The Journal of Physical Chemistry
C, 124 (14), 7777-7789.

[3] Xiaosheng Fang, et al. (2011), “ZnS nanostructures: From synthesis to applications”,
Progress in Materials Science, 56 (2), 175-287.

[4] Susmi Anna Thomas, et al (2021), “Photocatalytic Degradation of Malachite Green Dye
Using Zinc Sulfide Nanostructures”, ChemistrySelect, 8, 10015-10024.

[5] Xin Zhang, et al. (2022) “Synthesis of nano-ZnS by lyotropic liquid crystal template
method for enhanced photodegradation of methylene blue”. Inorg. Chem. Commun., 109089.

[6] Junyang You, et al. (2022) “In situ synthesis of ZnS nanoparticles onto cellulose/chitosan

sponge for adsorption—photocatalytic removal of Congo red”, Carbohydr. Polym., 288,
119332.

Tap chi
=HOA,
H L TRUGNG DAl HOC HOA LU

121



[7] Luminita Isac, et al. (2022) "Recent Developments in ZnS-Based Nanostructures
Photocatalysts for Wastewater Treatment”, Int. J. Mol. Sci., 23(24), 1566.

[8] Guofei Jiang, et al. (2022), “Enhanced activity of ZnS (111) by N/Cu co-doping:
Accelerated degradation of organic pollutants under visible light. Res. J. Environ. Sci. 125,
244-257.

[9] Gang-Juan Lee, et al. (2013), “Synthesis of nitrogen-doped ZnS with camellia brushfield
yellow nanostructures for enhanced photocatalytic activity under visible light irradiation”,
Int. J. Photoenergy, 1-7.

[10] Swarup Kumar Maji, et al. (2011), “Effective photocatalytic degradation of organic
pollutant by ZnS nanocrystals synthesized via thermal decomposition of single-source
precursor”, Polyhedron, 30 (15), 1-7.

[11] Dasari Ayodhya, Guttena Veerabhadram (2019), “Facile fabrication, characterization and
efficient photocatalytic activity of surfactant free ZnS, CdS and CuS nanoparticles”,
Journal of Science: Advanced Materials and Devices, 4(3), 381-391.

[12] Gang-Juan Lee, Jerry J. Wu (2017), “Recent developments in ZnS photocatalysts from
synthesis to photocatalytic applications - A review”, Powder Technology, 318, 8-22.

[13] Jaya Mary Jacob, et al. (2020), “Photocatalytic degradation of Congo Red by zinc sulfide
quantum dots produced by anaerobic granular sludge”, Environmental Technology, 43,
1882-1891.

[14] Mohamed Rashad, et al. (2022), “Adsorption Study of Congo Red Dye from Synthetic
Wastewater at Different Concentrations Using Zinc Sulfide Nanoparticles”, Materials, 15,
5048.

[15] Traji¢, et al. (2015), “Raman spectroscopy of ZnS quantum dots”, Journal of Alloys and
Compounds, 637, 401-406.

[16] Bhanu Prakash, et al. (2020), “Flow synthesis and in-channel photocatalysis of
antimicrobially active ZnS quantum dots wusing an efficient planar PMMA
microreactor”, Nano Express, 1, 030030.

[17] Azar Sadollahkhani, et al. (2014), “Synthesis, structural characterization and photocatalytic
application of ZnO@ ZnS core—shell nanoparticles” RSC advances, 4, 36940-36950.

[18] Xin Zhang, et al. (2022), “Synthesis of nano-ZnS by lyotropic liquid crystal template
method for enhanced photodegradation of methylene blue”, Inorganic Chemistry
Communications, 135, 109089.

[19] Nayereh Soltani, et al. (2012), “Visible light-induced degradation of methylene blue in the
presence of photocatalytic ZnS and CdS nanoparticles”, International Journal of Molecular
Sciences, 13, 12242-58.

[20] Qun Ma, Yonggian Wang, et al. (2016), “Tunable synthesis, characterization and
photocatalytic properties of various ZnS nanostructures”, Ceramics International, 42, 2854-
2860.

[21] Deepika Malwal, P. Gopinath (2016), “Enhanced photocatalytic activity of hierarchical
three dimensional metal oxide@ CuO nanostructures towards the degradation of Congo red
dye under solar radiation”, Catalysis Science & Technology, 6, 4458-4472.

[22] Hongxu Guo, et al. 2013), “Efficient adsorption and photocatalytic degradation of Congo
red onto hydrothermally synthesized NiS nanoparticles”, J Nanopart Res, 15, 1475.

Tap chi

=(HOA

a
HOX TRUGNG DAl HOC HOA LU 12



