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CHX TAO VA TINH CHQT CUA VAT LIHU NANO ZnS TRONG QUANG XUC TAC
PHAN HUY DUNG DICH CONGO RED
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Ngay nhdn bai: 12/11/2023 Ngay chdp nhdn dang: 23/11/2023

Tom v t: Trong nghién ciru nay, vat liéu nano ZnS duwoc ché tao thanh céng bang phirong
phdp thity nhiét nham ing dung cho quang xiic tdc phan hiy dung dich Congo red (CR). Dac
trung, tinh chat vét liéu ZnS dwoc khdo sdt bang danh hién vi dién tir quét (SEM), nhiéu xa tia X
(XRD), phé tir ngoqi — kha kién (UV — Vis). Anh SEM cho thay cdc cdu truc nano ZnS co duong
kinh trung binh khoang 400 nm, dugc két thanh hinh giong nhi cac bong hoa dwong kinh co
micromet. Gidan dé XRD xdc nhdn cdc dinh nhiéu xq dic trung cho cdu tric tinh thé cia ZnS. Pho
UV-Vis cho thay bién hdp thu ddc trung va dé rong vung cam cua vdt liéu ZnS. Xuc tac nanno ZnS
phan hity khodng 90% Congo red sau 150 phiit chiéu xa boi dén tir ngoai.

T khoa: Vit liéu nano ZnS, thuy nhiét, quang xuc tdc, 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. GIOT THIHU

Kim sulfua (ZnS) 14 vat liéu ban dyn loai I — VI duoc nghién clu rong rii do tiém nang
tng dung trong nhiéu lfnh vic: xidc t c, thikt bi quang hoc phi tuyln, diét ph t quang, man hinh
phung, clra s6 hdng ngoai, bd ph t tredng, cdm biKn va laser [1, 2]. ZnS c6 mot sd wu diém nhu
phat huynh quang manh, 6n dinh cao, khdng doc hai va re tién [3]. ZnS tOn tai # hai dang tinh
thé chinh la 1ap phrong va luc giac, né dugc nghién clru thir nghiém nhw mot chat xic tic quang
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dé phan hly hau hKt cac chdt mau hyu co nhu Malachite green, Methylene blue va Congo red
...[4, 5, 6]. Tuy nhién, nang lvgng ving cam 16n (Eg = 3,21- 3,71 eV), twong (ng vGi nang lugng
cla blrc xa tr ngoai (A < 340 nm) nén hoat tinh quang xtc tac clia ZnS khong cao khi st dung
trong thic t§, dudi diéu kién anh sang mht trdi, do blrc xa tl ngoai chi chihm khodng 4% trong
anh sang mht troi [7].

DE néng cao hiéu sudt phan hly cac chdt mau hyu co, mot s6 nhom nghién cbu d chf tao
ZnS pha tap biti cac ion kim loai, kim loai chuyén tifjp nhdm cai thién s& phan t ch dién t& - 13
trOng va mi rdng vung hdp thu 4nh sang cla vat liéu [8, 9]. Ngoai ra, nghién cttu diéu khién hinh
dang, kich thudc hat, dién tich bé mht, cdu trac tinh thé bang ¢ ¢ phuong ph p chl tao khac nhau
cling d duoc théc hién [10, 11, 12]. Trong nghién cltu cla Jaya Mary Jacob va cic cOng s4 d
chirng t0 rang, hinh thi clia cac chdm lugng t&r ZnS vGi kich thude trung binh 5-7 nm va céu
tric mang tinh thé 1ap phuong, d ng mot vai trd quan trong trong viéc tdng cwong hiu sudt
quang xUc t ¢ d6i v&i st phan hly cla CR [13]. Hiéu suét quang xuc tac trong viéc loai bd CR
khoi nudc thai duoc ting cudng d ng ké nho hinh thai cla cac hat nano ZnS ch¥ tao bang
phuong ph p kit tla hoa hoc, véi kich thude hat nhd hon va cdu trac da tinh thé [14].

Phrong ph p thdy nhiét c6 nhiéu wu diém dé ch tao vat liu nano nhw chi phi re, an toan
va kha nang linh hoat diéu khién dwoc hinh dang, kich thudc vat liéu tong hop qua viéc diéu
chinh ti 1é cac chét va diéu kién chH tao. Trong nghién cltu nay, chiing toi bdo cdo kit qua chl tao
vét liu ZnS co céu trac nano bang phwrong ph p thiy nhiét va nhyng kbt qua ban dau vé tng
dung cla vat liéu chf tao dwgc trong quang xuc tac phan hlly CR.

2. THYC NGHIHM

2.1. Ché tro vat liYyu nano ZnS

Quy trinh chf tao vat liéu nano ZnS cu thé nhw sau: Hoa tan 8 mmol Zn(CH3COO).2H,0
trong 80 ml nuéc khir ion st dung m y khudy ty trong thdi gian 60 phit. Tuong td, 8 mmol
SC(NH2>), ciing dugc hda tan riéng trong 80 ml nwéc khir ion 1 ¢ ng diéu kién. Sau khi cd hai chat
dwoc hoa tan hoan toan, dung dich Zn(CH3COO)..2H20 duoc tron ¢ ng dung dich SC(NH2); va
khudy tilp trong thoi gian 30 pht tai nhiét do phong. Tikp theo, chuyén toan bd hdn hop vao binh
thiy nhiét va giy on dinh nhiét trong t0 sdy i 200 °C trong 24 gi0'. San phdm kit tla dugc rira nhiéu
lan bang nwdc khir ion va cdn, sau d tikn hanh quay ly thm véi t6c d6 5800 rpm va dem sdy kho
trong t0 sdy i 60°C trong 24 gi0.

H nh th i bé mht cla vat liéu duoc khao s t bii kinh hién vi dién t&r qu t (SEM, JEOL
7600). Gidn d6 XRD duoc ghi trén m y XRD, X-Pert Pro, Malvern Panalytical Ltd., Malvern,
UK, ngubn bic xa Cu-Kq 7 g ¢ nhiéu xa 2 theta trong dai do 10 — 70°. Ph§ hdp thu quang hoc
duoc khao s t bisi m y quang ph6 tir ngoai — kha kign (PG-T90, UK).

SC{NHz); : & mmol
H,0: 80 m

Vat liéu nano ZnS

<) Thiynhigt o
Trin cdc (A) vao (B) 200°C/24h Loc, rira, sdy
Khudy tir 60 phit q
g E
Zn (CH3C00)2.2H20 : 8 mmal 60°C/24h

H,0: 80 ml
Bl Khudy tir 30 phut

Khudy tir 60 phit

Hinh 1. So do ché tao vit liéu ZnS bang phirong phdp thity nhiét
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2.2. Khmno sat khiy nang quang x ¢t ¢ phan héy CR céa vat liYu nano ZnS

Phc tinh quang xuc tac cla td hop vat liéu nano ZnS dugc khao sat véi dung dich CR nbng
dd 10 mg/l v6i st bd sung chat 6xy héa manh H>O, (1 ml) va blrc xa phat ra bii d n tl ngoai
(365 nm, 40 W). Trong mai thi nghiém, 50 mg ZnS cung v&i 100 ml dung dich CR diing trong
c6c dung tich 250 ml dugc khudy déu bang may khudy ty trong t6i trong thdi gian 60 phat dé dat
duoc st hdp phu can bang giYa CR va ZnS. Chiku sang dung dich bang d n t& ngoai, sau d theo
chu ky 30 phut, khodng 7 ml dung dich trong c6c dugc rit ra va quay ly tim nham loai bd hoan
toan vat liéu ZnS. Dung dich CR thu dwgc dugc phan tich bini may quang phd UV — Vis (PG-
T90, UK). N6ng do ctia CR dugc do tai bwéc s ng Amax = 530 nm.

3. KT QUMY THMO LUAN

H nh 2 1a kit qua anh SEM clia myu ZnS. Ty anh SEM dd phan giai thdp (H nh 1a) ching
tac thé thdy vat liéu bao gom ¢ c vi hat nano ZnS dang h nh cau k¥t thanh ¢ ¢ d m nhw bong
hoa va chi mot sO it ¢ ¢ vi hat t ch roi nhau. Dai vai anh phan giai cao (H nh 1b) ¢ thé quans t
thdy ¢ c vi hat phan 16n vudt nhon i dau, dinh huéng kh ¢ nhau trong khong gian. Quan s t ky
hon ¢ thé thdy ¢ ¢ hoa nano ZnS véi dwong khodng 400 nm, tao ra ¢ ¢ khe hia va I8 trong, diéu
nay giup tang cuong dién tich bé mht hap thu chat mau, ty d tang kha nang quang xuc t ¢ phan
hay chat mau cua vat liéu.

¢ ) =
Hinh 2. Anh SEM: (a) @6 phdn gidi thap va (b) dé phdn gidi cao ciia mau ZnS

Hinh 3 la gian d6 XRD cUa vat liéu ZnS trong dai do ty 10° d4n 70°. C ¢ dinh quan s t
duoc tai ¢ cvitrig ¢ 26:29,2°% 48,6° va 57,5° twong (rng v&i s phan xa ty ¢ ¢ mht phyng tinh
thé (111), (220) va (311) cla pha lap phuong (cubic) cta ZnS, doi chilu vai the chuan JCPDS
05-0566. Tat ca ¢ ¢ dinh déu ¢ cudng do Ién, nhon va khéng xuét hién ¢ ¢ dinh la clia tap chat
cho thay do tinh khilit cao cla vat liéu chl tao dwgc [13-14]. KBt qua nay tuong td nhu quan sat
thdy trong ¢ ¢ myu ZnS duoc tao ra bang phuong ph p nghién bi [15] va phuong ph p vi long
[16]. ZnS ¢ cAu trac tinh thé luc gi cd dugc quan s t thdy trong ¢ ¢ myu duoc tao ra bang phurong
ph p dong kKt tta [17] va phwong ph p myu tinh thé 1dng phan l6p [18].

ZnS lap phuong
(111) Thé JCPDS s8: 05-0566
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Hinh 3. Gian doé XRD ciia mau ZnS
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Hinh 4 la phd hép thu clia myu ZnS dwoc do tai nhiét d6 phong, trong d bién hdp thu
chinh xuét hién i buéc s ng 255 nm. Nang lwgng v ng cdm cua vat liéu ZnS duoc x ¢ dinh ty
st hap thu tia UV dé dién t& dich chuyén ty dai h a tri sang dai dyn. S dung phuwong tr nh Tauc:
(ahv)? = C % (hv - Eg) (trong d C, a, E; va hv teong (ng la hang s6 ty 18, hé s6 hdp thu, ning luong
v ng cdm va nang lvong photon) [15], ty d tinh dwgc gi tri clla nang lugng v ng cdm Eg~ 3.6 V.
KKt qua nay tvong tii b o ¢ o biri nh m Nayereh Soltani [19].
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Hinh 4. Phé UV-Vis ciia mau ZnS (hinh chén bén trong la ndng lwong viing cam tinh todn tir
phuong trinh Tauc).
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Hinh 5. a) Sy thay déi phé hdp 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 ciia CR.

Tap chi
S(HOA
H /8 TRU'GNG PAI HOC HOA LU
‘ S 120




Hinh 5a la pho hap thu quang hoc cla dung dich CR dwoc do sau mai 30 phut chiku s ng
bang d n tlr ngoai v&i st ¢ mht cla vat lieu ZnS. C thé quan s t thdy cudong do hdp thu tai
buwéc s ng 530 nm clia CR gidm dan khi tang thoi gian chibu s ng va gan nhu bikn mat sau
khoang 150 phat. St gidm dan ndng do clia CR duwoc thé hién chi tikt trén Hinh 5b. O day C, la
néng d6 dung dich CR ban dau (10,3 mg/1) va C la ndng do sau khi chibu btc xa.

Hiéu suét phan hiy CR dat khodng 50% sau 30 phut dau tién, sau @ nong do CR giam
dan va cham t&i ~ 90% sau 150 phut chibju d n tl ngoai.

Ngoai ra, kha nang phan hiy CR ciing dugc so sanh v@i cac chét xac tac quang khac trong
cac cong b trudc day (Bang 1). Myu ZnS véi hinh thai cdc vi hat kit 1ai thanh hinh gi6ng nhu
bong hoa c6 hoat tinh quang xuc t ¢ cao hon; do d , ching la vat liéu c6 trién vong cho viéc xUr
1y 6 nhiém mai tredng.

Bdng 1. So sanh kha ndang phéan huy CR cia cdc chdt xiic tdc quang.

Thoigian  HiYu suat

Ar e Phuong ph p  Ham lugng  Néng dk dung P ~ .. Tham
Vat liYu p . . 4 phan héy phan héy
ché tHo chat xic tac  dich CR ban dau (phiit) (%) kho
ZnS Thiy nhiét 100 mg 12 mg/L 120 96,30 [20]
KKt tha
ZnS héa hoe 60 mg 20 mg/LL 180 27,84 [14]
Fe;04@ -
CuO Visong 30 mg/L 300 90,00 [21]
NiS Thiy nhiét 100 mg 30 mg/L 210 98,00 [22]
ZnS Thly nhiét 50 mg 10 mg/ L 150 ~ 90,00 Bai bao
4. KXT LUAN

Béng phwong ph p thiy nhiét don gian ching t6i d chl tao thanh cong vat liéu ZnS c6
hinh dang nhu béng hoa, kich c¢& micromet dugc tao thanh ty cac vi hat ZnS kich thwdc nanomet.
Th& nghiém tinh chat quang xtc cla vat liéu chf tao dugc cho thdy, 90% CR bi phan hly sau
150 phut chifju sang biai d n tl ngoai. Nghién clru nay chirng t6 tiém nang (ng dung clia vat liéu
nano ZnS trong quang xuc tac phan hlly dung dich CR.
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