TAP CHi CONG THUONG

TONG HOP VA XAC PINH
CAU TRUC VAT LIEU ZIF-8 SUDUNG KEM
TU BUI LO THEP VA HAP PHU CHAT MAU

® NGUYEN THI LINH DIEM - PHAM VU NHAT UYEN - NGUYEN THI THUY DUYEN
- TRAN NGOC THANG - NGUYEN VAN CUGNG

TOM TAT:

Trong nghién cttu nay, vat liéu ZIF-8 dudc tong hop tir kém thdi nha mdy sdn xuit thép va
2- methylimidazolate theo cdc ty 1& va thdi gian khac nhau. C&u tric clia cdc sin pham dudc
nghién cttu biing nhiéu phuong phdp nhiéu xa tia X va phd hong ngoai FT-IR. K&t qua SEM cho
thay, dic diém hinh dang va kich thudc phan bd cia tinh thé ZIF-8 ddng déu khi ting thdi gian
tdng hop. Vat liéu sau tdng hop dudc st dung 1am vt liéu hap phu chdt mau Reactive Blue-19
trong nuéc. Cdc y€u td dnh hudng d&n hié¢u sudt hap phu nhu: ndng do, thdi gian, pH, va nhiét

do. K&t qua cho thay, & pH biing 9, hiéu sui't hap phu clia ZIF-8 vdi chadt mau Reactive Blue-19
cao nhat va dat 77,8%. Khi nhiét dd cang cao, khd ning hip phu mau clia vat liéu ZIF-8 cang tot.
T khéa: hap phu mau dét nhudm, reactive blue 19, ZIF-8, bui 10 thép (EAFD).

1.bat van dé

Trong boi cdnh nganh cong nghiép dét may
phit trién kéo theo thuc trang 6 nhiém moi trudng
nudc do nudc thdi dét nhudm ngay cang ting,
thudc nhuém da dugc st dung rong rii dé tao mau
cho nhiéu loai sdn phim, bao gdm hang dét, da,
gid'y, cao su, in 4n va nhya. Udc tinh, mdi nim,
trén toan cau c¢6 hon 10.000 loai thudc nhudm va
chat mau kh4c nhau dudc sit dung, véi khodng 0,8
triéu tan thudc nhudém duge tdng hop. Chat mau
hitu co c6 trong nudc thdi gdy dnh hudng dén
nhiéu sinh vat va thuc vat trong nudc ciing nhu
giy ra cdc yé&u to ddc hai v6i con ngudi. Do do,
cAn phdi loai bd cdc chdt mau hitu cd trude khi
ching dugc thdi ra moi trudng.

C6 nhiéu phuong phap xt Iy nuéc thai, nhu: oxy
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héa ning cao, keo tu, két tda, hAp phu va sinh hoc.
Trong d6, phuong phép hap phu hién dang dugc
nghién ctu va st dung rong rii dé xi Iy nudc thai
dét nhudom do hiéu qud va chi phi thap. ZIF-8 Ia vat
liéu c6 kha ning tng dung cao trong hip phu do
ZIF-8 c6 cau tric x6p, rong va dién tich bé mit
riéng 16n nén c6 kha ning hap phu c4c chat mau va
kim loai ¢6 trong nudc thai nganh cong nghiép dét
nhudm. ZIF-8 dang la vatli€u thu hit dugc sy chi y
hon ¢ do tinh 8n dinh héa hoc va bén nhiét cao.
ZIF-8 dudc tao thanh tf nguyén t& Zn lién két
v6i 2- methylimidazolate (Hmim) tao thanh Zn
(Hmim), [1].

Bui 10 thép (EAFD) la chat thi rin dudc thu hodi
tir c4c thiét bi thu bui c6 nhiéu trong nha may sin
xuét thép [2]. Trén mdi tdn thép dugc sdn xuat ra thi
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thu dugc khoang 10 - 30 kg EAFD [3]. EAFD dang
bi coi 1a mdt chat thii nguy hai 4nh hudng d€n moi
trudng va siic khde con ngudi, vi chiing chita nhiéu
kim loai khdong an toan [4]. Trong EAFD chda
khoéng 10 - 50% khdi lugng Zn, do d6 EAFD da
dugc tich cuc tdi ch€ d€ phuc hdi Zn [5]. Trong
nghién cttu nay, vat liéu ZIF-8 dudc tdng hop tir
nguodn k&m thai tir bui 10 dién ho quang va tng dung
1am chat hap phu chat mau 6 nhiém trong nudc.

2. Phuong phap thy'c nghiém

2.1. Nguyén liéu

Mudi kém ZnSO,.7H,0 c6 ngudn gbe tir bui 1o
thép, thu hodi biing phuong phdp thily luyén axit.
Quy trinh u6t dua trén axit tao ra ty 1& thu hdi Zn
trén 92% [6, 7]. 2-methylimidazolate, va methanol
dugc mua tir J.T.BAKER nhap khiu bdi Cong ty
TNHH DV-TM Pham Nguyén. Chat mau Reactive
Blue-19, Blue-3252, Blue-86, Methyl Blue, Blue-
21, Methyl Orange, Yellow-247, Rebine-3249 va
Blue-198.

2.2. Phuong phdp tong hop vit liéu ZIF-8

Can 2.5 g, ZnSO,.7H,0 (8 mol) hoa tan trong 50
ml CH;0H, sau d6 dem déanh si€u am 15 phut
(becher 1). Can 5.25 gam Hmim (64 mmol) hoa tan
trong 100 ml CH;OH (becher 2). Bit becher 1 1én
mdy khudy tir va bit diu khudy, sau d6 dd tir tir
becher 2 vao becher 1 khudy manh 24 gid (800
vong/phit). Sau khi khudy xong, ti€n hanh ly tim
18y chat rdn, rita lai bing CH;0H 3 1an, mdi lan 1
git. LAy chét rin thu dudc sdy & nhiét do 80°C dén
khi kho s& thu dugc ZIF-8. ZIF-8 dudc tdng hop véi
ty 1¢ mudi kém ZnSO,.7H,0 va Hmim theo lan lugt
1:4,1:6,1:8va 1:12.

2.3. Phan tich cdu triic vt ligu

Vat ligu ZIF-8 sau t6ng hop dugc phan tich va
xdc dinh ciu tric bing cdc phuong phap nhiéu xa
tia X (XRD), phd hong ngoai FT-IR va SEM.
Quang phd hdng ngoai bién ddi Fourier (FT-IR,
Tensor 27 -Bruker, Ptic) duge do véi bude song trai
dai tir 4000 d€n 400 cm . Hinh thdi cta vat liéu
dugc ki€ém tra biing kinh hién vi dién tir quét (SEM,
Hitachi S-4800 va JSM-IT200, Tokyo, Nhat Ban).
XRD dudc do trén thi€t bi LabX XRD-6100,
Shimadzu, Nhat Ban tir 5°C d&€n 80°C bing céch sir
dung btic xa Cu-Ka.

2.4. Khdo sdt cdc yéu to’ anh huéng dén kha
ndng hép phu chét mau ciia ZIF-8

Pha c4c chiat mau (Reactive blue-19, Reactive
blue 3252, Reactive blue 86, Reactive blue 198,
Reactive blue 21, Methyl blue, Rebine 3249,
Yellow 247 va Methyl da cam) c¢6 ndng dd 50 ppm
sau d6 dem di do mat do quang (OD) G budc séng
Amax tUONg Gng clia cdc mau ta duge AO. Cho lan
lugt 0.05 gam vat lieu ZIF-8 vao cdc Erlen c6
chita 50 mL dung dich mau ndng do 50 ppm, lic
déu biing may lic v6i van tdc 200 vong/phiit. Sau
30 phiit, 3 mL dung dich dugc 14y ra, pha rin cda
dung dich sau hdp phu dugc tdch bing mdy ly tam,
ndng d6 con lai cda dung dich chit mau dudc phian
tich bing mdy quang phé UV - Vis (UV - Vis
evolution 600, My) & budc séng A, tuong ing
cla cdc mau. Hiéu suit hdp phu dudc xdc dinh
theo phuong trinh (1):

(Cp-C)ICyx100 (1)

Trong d6 C, va C 1a nong f. do ban dau va nong
dd sau hap phu (ppm). Thi nghiém dudc ti€n hanh 3
1an d€ 14y gi4 tri trung binh.

3. K&t qua nghién ciiu

3.1. Tong hop vit ligu

P& khio sdt cic mau vat liéu theo cic ty 1& khic
nhau, ta ¢6 dinh s6 mol ctia mudi kém ZnSO,.7H,0
va ting s6 mol ctia Hmim theo 1an lugt 12 4, 6, 8, 12
14n s6 mol ctia mudi ZnSO,.7H,0. Sdn phim ZIF-8
thu dugc c6 ty 1& ZnSO,.7H,0/Hmim 1an lugt 1a
1:4, 1:6, 1:8 va 1:12. Hiéu sut sadn phdm ting khi
ting khdi lugng Hmim. Cu thé, khi ty 1& ban diu la
1:4 thi hiéu suit sdn phim la 8,81% va khi ting ty
1¢ ban diu lén 1:12 thi hiéu sudt sin phim Ia
27,6%. Thai gian phadn @ng ciing c6 dnh hudng 16n
dén hiéu suit sdn phaim. Ty 1& ban diu 1:8 dugc
ti€n hanh phan ng theo cic khodng thdi gian 1, 4,
8,12va24h.

Tir k&t qua nghién citu cho thay, thdi gian tong
hop cang l1au thi hiéu suit sdn phdm cang ting Ién,
do khi phan ing cang lau, tinh thé cang hoan thién
cang ting kich thuéc din dén khdi lugng va hiéu
suat ting. Mic khdc, thdi gian phdn Gng cang lau
thi s6 lugng tinh thé hinh thanh cang nhiéu, cic tim
kim loai Zn lién k&t v6i cdc Hmim ciing ting 1én
khi ting thdi gian phan @ng. Cu thé, hiéu suit ting
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Bang 1. Hiéu sudt sén phdm theo ty 1& ZnSO,.7H,0/Hmim

Ty Ié (mol/mol) | Khéi lugng ZnSO,.7H,0 (g) | Khéi lugng Hmim (g) | Khéi lugng sén pham (g) | Hiéu suat san pham (%)
1:4 0.625 0.6568 0.04 8.81
1:6 0.625 0.9856 0.07 15.42
1:8 0.625 1.3136 0.08 17.7
1.12 0.625 1.9704 0.1255 27.6

tir 17,7% & thai gian 4 gis 1€n 29,9% khi thdi gian
tang 1én 24 gis. (Bang 1)

3.2. X4c dinh cau tric vat liéu

3.2.1. Phuong phdp hién vi dién tit quét (SEM)

Hinh thdi bé mit ZIF-8 tdng hdp theo cic thdi
gian khdc nhau dugc ti€n hanh chup hinh thdi bé
mit bing kinh hién vi dién tif quét bé mit (SEM),
qua d6 quan sit sy khdc nhau gifta cdc vat liéu
dugc tdng hdp & cdc mdc thdi gian khic nhau.
Hinh 1 cho thd'y bé mit clia vat liéu ZIF-8 khong
ddng nhdt, cdu tric clia vat liéu khong bing
phing tao ra nhiéu 16 x8p lam cho vat liéu c¢6 kha
ning hap phu chit mau t6t. Khi thdi gian tdng
hdp bi thay d6i, hinh dang tinh thé ciing thay d6i
theo. Tinh thé § thdi gian tdng hop 8 va 12h ¢6
hinh dang tuong ddi hoan thién va dong déu vé

Hinh 1. Két qué do SEM cua ZIF-8 theo thdi gian téng hop
(@ 1; () 4; (c)8va l2h.

kich thudc hon 1 va 4h. Tir d6 két luan thoi gian
tdng hop 1a yé&u td 4nh hudng d€n hinh dang tinh
thé sau khi téng hgp, thdi gian cang lau tinh thé
cang hoan thién. K&t qua nghién cifu ndy tuong
ddng véi nhitng nghién ctru trude d6 cda Kika va
cong sy [8]

3.2.2. Phuong phdp nhiéu xa tia X (XRD)

Hinh 2 cho biét két qua XRD ctia vat liéu ZIF-8
dugc téng hgp véi ty 1& ZnSO,4.7H,0/Hmim khic
nhau. Vit liéu ZIF-8 tdng hop dugc c6 mitc dd tinh
thé cao va tuong tu vdi cac két qua do XRD ciia
ZIF-8 da dugc cong bo trude d6 [9-11]. Céc dinh &2
= 7.42, 10.52, 12.9, 14.83, 16.52, 18.19, 22.16,
24.58, 25.7, 26.77, 29.9, 30.85, 31.76 va 32.51 cho
thay Vat liéu ZIF-8 tdng hop c6 mifc do tinh thé
cao. K&t qua XRD khing dinh sdn phim thu dugc &
cac ty 1& 1:4, 1:6, 1:8 va
1:12 déu la vatliéu ZIF-8.

Déng thdi, vat liéu
ZIF-8 ciing dudc téng hgp
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khdc thdi gian thi cdc miu
tdng hop & thdi gian cang
1au (8 gid) c6 dinh tinh thé
cao hon cdc miu téng hop
& thdi gian ngdn hon (1
gid va 4 gid), do thdi gian
tdng hop cang lau thi hiéu
sudt sin phim tdng hgp
cang cao, kéo theo lugng
tinh thé ngay cang nhiéu
nén dinh thé hién cang
cao (Hinh 3).

3.2.3. Phuong phdp phd
hong ngoai FT - IR

K&t qua phd FT-IR clia
ZIF-8 trong

vat  liéu
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khodng do tir 400 — 3.900 cm! dugc
thé hién trong Hinh 4. Phd FT-IR
ctia vat liéu cho thiy, van phd &
trong diy hdp phu tr 3.135 va
2.930 cm’! dic trung cho lién két
kéo dai cia C-H clia vong thom va
chudi aliphatic trong Hmim. Cac
dinh quan sat trong vung 1.350 —
1.550 cm™ dic trung cho lién két
vGi sy dao dong cha toan bd mach
vong va lién két kéo dai cia C=N
xuit hién & khodng 1.584 cm''.
Ving & bude séng gitta 1.350 va
950 cm! cho thdy, cdc dii khic
nhau dugc dic trung cho sy udn
cong trong mit phing clia vong,
trong khi & dai phap phu dugi 800
cm-1 dugc thé hién sy udn cong
ngoai mit phing. Pinh hip phu
3.135 cm! dic trung cho lién k&t N-
H va lién k&t C=C & dinh hip phu
3.150 cm-1. Ngoai ra, & tat cd céic
ty 1& con xuat hién cdc dinh hap
phu & khodng 421 cm™ dic trung
cho lién két tAim kim loai kém va
nitro qua lién k&t Zn-N. (Hinh 4).

3.3. Két qud khdo sdt khd ndang
hédp phu mau ciia ZIF-8

CAu tric cta chit mau c6 dnh
huéng nhiéu dén khd ning hap
phu. Céac loai mau khiac nhau sé&
cho ra hiéu sudt hap cla vat liéu
khéac nhau. Trong nghién cttu nay,
tdc gid ti€n hanh khio satkhd ning
hdp phu ZIF-8 v6i 9 mau khic
nhau, d6 la: Reactive blue-19,
Reactive blue 3252, Reactive blue
86, Reactive blue 198, Reactive
blue 21, Methyl blue, Rebine 3249,
Yellow 247 va Methyl da cam
nhim danh gid kha ning hap phu
cla vat liéu. Tir két qud trén cho
tha'y, mau Reactive Blue 19 c6 két
qua hap phu vudt trdi hon ciac mau
con lai (77,8%). (Hinh 5)

Hinh 2. Két qué XRD cla ZIF-8 vdi ty 1é tdng hop khéc nhau
(@) 1:12; (b) 1:4; (c) 1:6 va (d) 1:8.
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Hinh 3. Két qué XRD cla ZIF-8 vdéi thdi gian téng hdp khéc
nhau (a) 1; (b) 4; va (c) 8h.
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Hinh 4. Két qué FT-IR cla ZIF-8 véi thdi gian téng hop khdc
nhau (a) 1:4; (b) 1:12; (c) 1:8 va (d) 1:6.
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Hinh 5. Hiéu suét hép phu cua ZIF-8 véi céc 4. K&t luan
mau khac nhau Vat liéu ZIF-8 da dugc tdng hop
thanh cong tir k&€ thai bui 10 quang
100 - A . > A 5
dién theo cic ty 1& cua
30 | ZnS0O,.7TH,0/Hmim khédc nhau tir
S 1:4 d&n 1:12. Cdu trdc cta vat ligu
E 60 ZIF-8 dudc xdc dinh bing céc
B phuong phdp phin tich hién dai
& 40 XRD, FT-IR va SEM. Thong qua
20 7 SEM, X-RD) va FT-IR chL’I’ng’ minh
% ZIF-8 tong hop dugc c6 két qua
0 /’/ giong véi cdc cong bd trude do.
Chat mau P A~ A ~ R
S Reactive Blue 19 @ Reactive Blue 3252 Kha nidng hap phu trén chat mau
mReactive Blue 86 AMethyl Blue . CA "
@ Reactive Blue 21 & Methyl Orange Reactive Blue 19 cho hi€u suat cao
& Yellow 247 B Rebine 3249 ~, Py ~ N N .
nhittrong cdc chatmau conlai ®
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PREPARATION AND CHARACTERIZATION OF ZIF-8 BASED
ON ZINC WASTE FROM ELECTRIC ARC FURNACE DUST
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ABSTRACT:

In this study, ZIF-8 material was synthesized from zinc waste from electric arc furnace dust
(EAFD) and 2-methylimidazolate at different ratio and times. The structures of these material
examples were analyzed by various methods such as: X-ray diffraction and FT-IR infrared
spectroscopy. The SEM results show the shape and size distribution of ZIF-8 crystals become more
evenly when the synthesization time is prolonged. The synthesized material is used as an
adsorbent for the Reactive Blue-19 and other textile dyes in aqueous solution. The results showed
that the adsorption efficiency of ZIF-8 with Reactive Blue-19 was the highest and reached 77.8%.

Keywords: textile dye absorption, reactive blue-19, ZIF-8, electric arc furnace dust.
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