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TOM TAT

Trong nghién cttu nay trinh bay két qua nghién cttu loai bo ba pham nhuém DY-
S4G, DV-B va DTB-XF bang phuong phép dién di lang dong (EPD) st dung vat liéu
graphen oxit tong hop bang phuong phap Hummer cai tién nhu la chat hdp phu.
Cac phrong phap phan tich héa 1y nhu FT-IR, XRD, UV-Vis va SEM da dwoc dung
dé€ phan tich dic trung cua vat liéu GO. Biém d:?mg dién cua GO va mot s6 thong s6
nhu: pH, noéng d6 chat dién ly, luong vat liéu, thé va thoi gian ctia phuong phap
EPD da duoc nghién ctru. Cac két qua thiee nghiém cho thay md hinh hap phu dang
nhiét Freundlich va m6 hinh déng hoc hap phu biéu kién bac nhat 1a phu hop.

Tt khoa: cac pham mau DY-S4G, DV-B va DTB-XF, phuong phap EPD va graphen

oxit.

1. DAT VAN PE

Pham nhudm da va dang dwoc st dung rat rong rai trong cac nganh cong nghiép
nhu dét may, cao su, gidy, nhua,... Vé chung loai cia pham nhudm la rat da dang nhu:
trung tinh, cation va anion. Pham nhudm rat khé phan hay béi anh sang va cac tac nhan
oxy hod [1], [2]. Trong qua trinh san xuat, trong nudc thai lvong phdm nhudm du thira,
chat hoat dong bé mit, cac ion kim loai ning, tong chat ran hoa tan va cac chat hitu co
la nguyén nhan dan dén sy 6 nhiém moi treong nude, ddc biét 1a 6 nhiém mau séc va 6
nhiém chat hitu co [3], [4].
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Hién nay ¢ Viét Nam, cadc phuong phap da duoc ap dung déloai bo pham nhudm
trong moi truong nude, chang han nhu: hap phuy, keo tu, két ttia hda hoc, oxi hda va oxy
hoa téng cuong, ... Mdi phuong phép déu cé nhitng wu diém va nhugc diém riéng song
phwong phap hap phu la mét trong nhitng phuong phap dwoc ap dung rong rai va mang
lai hidu qua cao [1, [3], [4].

Graphen va cac san pham trén co sé ctia graphen do c6 nhiéu vu diém nhu, dién
tich bé mat 16n, dung lwong hdp phu cuc dai 1én va c¢6 kha nang twong tac n—n gitta
phadm nhudm va céc vat liéu trén co so graphen [5], [6], [7], [8]. Chinh vi vay, hién nay
rat duoc nhiéu nha khoa hoc trong va ngoai nwéc quan tam nghién ctu trong linh vuc
hap phu dé€ loai bo pham nhudm trong mdi treong nudc. Tuy nhién, dung lwong hap
phu trong cac nghién cttu nay chwa cao, dao dong tir 55,56 mg/g dén 242 mg/g.

Phuong phép dién di ling dong (Electrophoretic deposition, EPD) dugc xem la
mot trong nhitng phuong phap c6 nhiéu vu diém nhu: hé thiét bi don gian va gia thanh
ré, tdc do 1ang dong nhanh, dé dang kiém soat dwoc va bé day ctia 16p mang hay bot
ling dong dong déu. [5], [9], [10], [11]. Vi vay, phuong phap EPD c6 tinh kha thi cao
trong viéc két hop vdi vat liéu graphen oxit trong viéc loai bé pham nhudm ra khoi moi
treong nudc.

2. THUC NGHIEM
Cachda chat st dung nghién ctru nay déu la tinh khiét phan tich cia Trung Qudc.

Graphene oxide (GO) duoc tong hgp theo Tour J.M. va cong su [12]. GO duoc
phan tan trong dung moi la nuwdce cat va siéu am trong 2 gio ¢ 50 °C.

Phuong phap pho hong ngoai (FT-IR) dé xac dinh mot s6 nhom chirc caa GO
duwgc do trén thiét bi IRPrestige-21 Shimadzu, Nhat Ban. Pho nhiéu xa tia X dung dé xac
dinh cdu trac vat liéu dugc thye hién trén may D8 Advance, Bruker, Dtrc. Hinh thai ctia
vat liéu dwoc nghién cttu bang phuong phép hién vi dién tie quét trén may SEM JED-
2300, JEOL, Nhat Ban. Phuong phap quang phé hdp thu phéan ti (UV-Vis) duoc thuc
hién trén may Jasco V-630, Nhat Ban va thiét bi cap nguén mot chiéu (DC Power Supply)
trong phuong phap EPD cta hang Yihua 305D, Trung Qudc.

Quy trinh thi nghiém theo phuwong phap EPD dwgc thuc hién nhu sau: 1ay chinh
xac thé tich cac dung dich theo thit tu nhu sau: dung dich dém c6 pH khac nhau, dung
dich chat dién ly (NaCl, 100 g/L), dung dich GO (1,0 mg/mL) va titng loai pham nhudém
DY-S4G, DV-B va DTB-XF trong titng thi nghiém khac nhau. Cudi cling lap dit vao hé
EPD va tién hanh cac thi nghiém tai cac thé va thoi gian khac nhau (hinh 1).
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Hinh 1. Hé thiét bi trong phuong phap EPD.

3. KET QUA VA THAO LUAN
3.1. Tong hgp vt liéu graphen oxit va dic tring vat liéu

Hinh 2.a, cho thdy GO dugc tong hop theo phuong phap Tour J.M. va cng su
[12] da xudt hién mot s6 nhom chie chita oxy. Cu thé nhu, su ¢ médt cua nhém alkoxy
0 s0 song 1054 cm! (ve-o) (1). Peak xudt hién kha rd tai sO song 1213 cm™ (2) minh chiing
cho sy ¢6 méat cia nhom epoxyl (ve-oc) ctua san phdm GrO. Peak dao dong ¢ 1400 cm-
1(3) ¢6 thé 1a nhém chiee COO- (veoo-). Mat khéc, peak tai 1632 cm'(4) cta lién két doi
C=C (vc=c) trong vong thom cuia GrO. Trong khi do6, peak dao dong tai 1735 cm™ (5)
chiing to trong san phdm xuat hién lién két C=0O (vc-0) cua cac nhém carboxyl hodc/va
carbonyl. Cudi cung, dinh peak ¢ 3428 cm™ (6) dac trung cho sy hdp phu manh cua

nhém hydroxyl (vorn) qua qua trinh oxy hda G.

Song song voi viéc do phd hong ngoai, san pham téng hop cling duoc dem do
ph6 nhiéu xa tia X (XRD). Hinh 2.b, chi ra cuong d6 phd ctia graphit (G) va GO. Peak
nhiéu xa dic trung tai goc 2 theta (20) 1a 11,3° cua GO cho thay rrimg cac nhém chira chira
oxy trén tdm G da hinh thanh, diéu nay ching to qua trinh oxy héa G thanh GrO cho
san phAm mong mudn. Trong khi d6, peak nhiéu xa & 26° cia G 1a hoan toan bién mat.
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Hinh 2. Phé FT-IR (a), XRD (b), UV-Vis (c) va anh SEM (d) ctia GO.

Két qua ¢ hinh 2.c, ¢ budc séng 227 nm la do ¢d su dich chuyén dién tw tir 7 1én
n* (n—7*) trong lién két don —-C—C- va lién két d6i -C=C- trong vong thom ddi véi lai
hoa sp? Mat khac, tai budc song khoang 300 nm peak médc du khong duoc rd, nhung cé
thé giai thich la do dich chuyén dién t ttt n 1én ©* (n —7*) cua lién két -C=0 ddi vdi lai
héa sp®. Nhuw vay, c6 thé két luan rang qué trinh tong hop GO la thanh cong.

Anh SEM ctia vat liéu GrO cho thay cac tam GrO chong 1én nhau kha rd rét (hinh
2.d) va san pham GrO tong hop duoc da cé cdu tric nano.

3.2. Xéc dinh cuc dai hap phu va xady dung dwong chuan cta cic phAm nhudém

Chuan bi ba dung dich pham nhu¢m DY-S4G, DV-B va DTB-XF nong d6 50
mg/L. Sau d6, ly tam 2000 vong/phut trong thoi gian 5 phut dé tach can khong tan. Tiép
theo, 1dy phan dung dich tién hanh quét ph6é UV-Vis tir bude song 300 nm dén 800 nm
(hinh 3.a, b va c).

Tién hanh chuéan bi ba day dung dich chuan cta ba phdm nhuém DY-54G, DV-
B va DTB-XF vdi cac nong d¢ khac nhau tir 5 mg/L dén 60 mg/L. Sau d6 tién hanh do do
hdp thu quang (Abs) tai ba budc séng 406 nm, 629 nm va 710 nm. Tt cac gia tri Abs va
nong do xay dung cac duong hoi quy tuyén tinh thu duoc nhu sau:

DY-S4G: Abs = (-0,002 % 0,002) + (0,014 + 0,000) C ; r = 0,9999; 3.1)
DV-B:  Abs = (0,007 + 0.007) + (0,006 = 0,000) C ; r = 0,9996; (3.2)
DTB-XF: Abs = (-0,005+ 0,003) + (0,017 0,000) C ; r = 0,9999; (3.3)
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Hinh 3. Pho UV-Vis ctia DY-S4G (a), DV-B (b), DTB-XF (c) va cac duwong chudn ctia ba phdm
nhudm DY-54G, DV-B va DTB-XF (d).

3.3. Xac dinh diém dang dién cta vat liéu graphen oxit

Chuan moét day dung dich KNOs nong d6 0,01 M. Tiép theo diéu chinh pH cta
dung dich KNOs bang dung dich HCI 0,1 M va NaOH 0,1 M dé thu duoc cac gi tri pH
ttr 2,03 dén 10,99. Sau d¢d, can chinh xac 0,1000 gam vat liéu GO va cho vao cac binh c6
pH khac nhau. Tién hanh véi tdc d6 120 vong/phut trong vong 24 gid. Sau qua trinh lac,
loc qua giay loc c6 kich thuéc 16 1a 0,45 um va do pH ctia cdc dung dich va thu duoc két
qua ¢ hinh 4.
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Hinh 4. D5 thi biéu dién mdi quan hé gifta gia tri pHa va pHe ctia dung dich KNO3 0,1 M (a), GO
trong dung dich KNOs 0,1 M (b) va dwong xac dinh diém déng dién ctia GO (c).

Dua vao cac nghién cttu ctia cac tac gia [5], [13], d€ xac dinh diém drfmg dién ctia
vat liéu trong nghién cttu hap phu cho ring diém dang dién chinh la giao diém ctia
duong pH cta dung dich chat dién ly (a) va duwong hoi quy ctia nhitng diém c6 gia tri
pH gan nhu d6i sau qua trinh hap phu (c). Tkt d6 xac dinh dwoc gia tri pHzrec la 2,81.
Nhu vay, khi pH ctia dung dich nhé hon 2,81 thi GO tich dién duong, nguoc lai khi pH
16n hon 2,81, GO tich dién am. Ttt day khi GrO phan tan vao trong dung moi thi dugc
goi la graphene oxide (GO).

3.4. Khao sat anh hudng ctia mot s6 yéu td

Theo Besra L. [10] va Boccaccini A.R. [11], cac yéu t6 can khao sat anh huong dén
phuong phap EPD bao gom: pH, nong d¢ chat dién ly, khdi luwong vat liéu hap phuy, thé
va thoi gian. Qua qua trinh nghién ctu loai bo ba pham nhuém DY-54G, DV-B va DTB-
XF béng phuong phap EPD, két qua da lua chon duoc cac diéu kién thich hop va dwgc
chi ra ¢ bang 1.

Bing 1. Cac thong s8 thich hop ctia qué trinh dién di 1dng dong loai bo ba pham nhudm DY-
S4G, DV-B va DTB-XF.

Nong d6 phdm nhuém pH Ebep tDep NaCl mco
(mg/L) - V) (phut) (8/L) (mg)
50 2,0 8 15 1,0 5,0

3.5. Nghién ctru dang nhiét va dong hoc hap phu ctia phim nhuém
3.5.1. Dang nhiét hdp phu

Chuan bi ba day dung dich c6 néng d6 khac nhau, v6i hai phdm nhu¢m DTB-XF
va DY-54G ¢6 nong do tir 5 mg/L dén 50 mg/L, véi tir DV-B tir 10 mg/L dén 60 mg/L.
Tiép theo tién hanh ap dung phuong phap EPD véi cac diéu kién thi nghiém nhu ¢ bang
1. Sau thoi gian xac dinh, 15 phut, hat dung dich va dem ly tam ¢ 2000 vong/phut. Cudi
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cung, do do hdp thu quang tai cac budc séng thich hop véi ba pham nhudém DY-54G,
DV-B va DTB-XF.
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Hinh 4. Cac duong dang nhiét hap phu Langmuir (a) va Freundlrich (b) ctia ba pham nhuém
DY-54G, DV-B va DTB-XF trén vat liéu rGO.

Dua vao cac gia tri Abs va cac cong thirc 3.4, 3.6 va 3.6 xay dung cac phuong
trinh héi quy tuyén tinh d6i véi hai moé hinh déng nhiét hdp phu Langmuir va
Freundlrich. Két qua thu duwoc ¢ hinh 4 va cac bang 2 va 3.

(Cop—Ce)xV (Cop—Coe)
qe = S = (3.4)
Ce _ 1 1
a - KL X qm + dm Ce (35)
In(qe) = In(Kp) + niFln(ce) (3.6)

Bdng 2. Cac gid tri tham s8, hé s8 twong quan va hé s§ Ru ctia md hinh hap phu dang nhiét
Langmuir ba pham nhuém DY-S4G, DV-B va DTB-XF.

DPing nhiét Langmuir qmax (g/g) KL (L/mg) R? R
DY-54G 324,6 0,0137 0,9910 0,60 - 0,94
DV-B 769,2 0,8125 0,9665 0,02-0,11
DTB-XF 125,3 0,0221 0,9868 0,48 - 0,90

Bdng 3. Cac gid tri tham s8, hé s8 twong quan va hé s 1/nr ctia md hinh hap phu dang nhiét
Freundlich ba phdm nhuém DY-S4G, DV-B va DTB-XF.

Dang nhiét Freundlich Kr [(mg/g)(L/mg)"] 1/nF R?
DY-54G 54,20 0,824 0,9972
DV-B 3784 0,219 0,9854
DTB-XF 28,84 0,712 0,9970

Qua két qua chi ra & bang 2 va 3 dwa vao hé s6 xac dinh (R?) cho thay, d6i véi ca
hai md hinh déu cho gia tri twong ddi 16n va xap xi don vi. Nhung, d6i v6i md hinh hap
phu dang nhiét Freundlich c6 gia tri 16n hon va do d6, cé thé mé ta phi hop véi két qua
thire nghiém. Mt khéc, dwa vao hai hé s§ Ru va 1/nr cho rang qua trinh hap phu ba pham
mau trén vat lieu GO bang phuong phap EPD la thuan loi
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3.5.2. Bong hoc hap phu

Chuén bj ba day dung dich pham nhu¢m DTB-XF, DY-S4G va DV-B c6 nong d¢
ttr 20 mg/L dén 100 mg/L. Tiép theo tién hanh 4p dung phuong phap EPD vdi cac diéu
kién thi nghiém nhu ¢ bang 1. Sau ttt thoi gian tir 2 phiit dén 16 phut, hut dung dich va
dem ly tam & 2000 vong/phut. Cudi cung, do d6 hap thu quang tai cac budc song thich
hop v6i ba phadm nhu¢m DY-S4G, DV-B va DTB-XF. Ttr cac gia tri Abs thu duoc va cac
cong thic 3.7 va 3.8 tinh toan dugc cac tham s6, hé sd xac dinh va sai s6 cua hai mo hinh
dodng hoc biéu kién bac nhat va bac hai. Két qua duoc chi ra 6 bang 4 va 5.

Bang 4. Cac gia tri tham s6, hé sd xac dinh va sai s6 cua mo hinh dong hoc biéu kién bac nhat
cua ba phdm nhudém DY-S4G, DV-B va DTB-XF @,
N‘ﬁng DY-S4G DV-B DTB-XF

& | ¢ | K | R | sd| ¢ | K| R |[sd| ¢ | K | R | sd
20 | 4,370 | 0,077 {0,9936| 7,84 | 4,231 | 0,105 {0,9727| 5,90 | 4,761 | 0,063 |0,9902| 6,69
40 | 24,470,478 [{0,9590| 3,77 | 23,49 | 0,478 |0,9593| 3,30 | 25,35 | 0,426 |0,9717| 2,71
60 | 45,620,592 0,9573| 2,75 | 45,06 | 0,619 [0,9613| 0,39 | 44,88 | 0,635 |0,9811| 1,46
80 |6595]| 0,890 |0,9855| 0,72 | 64,70 | 0,890 [0,9681| 1,07 | 65,82 | 0,870 {0,9878| 0,68
100 | 85,44 | 1,044 [0,9778| 0,65 | 84,50 | 1,055 |0,9767| 0,65 | 86,06 | 1,035 (0,9833| 0,57

Bang 5. Cac gia tri tham s, hé s6 twong quan va sai s6 cia m6 hinh déng hoc biéu kién bac hai
cta ba pham nhu¢m DY-S4G, DV-B va DTB-XF .

Nong DY-54G DV-B DTB-XF
@ | ¢ | Kk | R |sd| ¢ | k| RrR|[sd| ¢ | k| rR]| s
20 | 6,877 | 0,008 [0,9946| 7,08 | 6,181 | 0,013 |0,9787| 7,51 | 7,650 | 0,005 |0,9918| 6,03
40 | 27,570,025 |0,8888| 6,48 | 26,49 | 0,026 |0,9182| 5,30 | 29,06 | 0,020 |0,9650| 3,87
60 | 49,800,020 |0,8466| 5,36 | 48,95 |0,022 (0,8615| 4,65 | 48,65 | 0,023 |0,9137| 3,41
80 |69,05]|0,03209119| 1,87 | 67,85 | 0,032 {0,9322| 1,64 | 69,06 | 0,030 |0,9218| 1,83
100 | 88,41 | 0,035 {0,9398| 1,11 | 87,37 | 0,036 |0,9323| 1,15 | 89,09 | 0,034 |0,9335| 1,19

@: ge (mg/g); K1 (phut); Kz (g.mg-1.phut); Sd (%).

q = qe(1—e~ff) (3.7)
2K, t
e = 1(-1I-q:K2t (38)

Tt két qua 6 bang 4 va 5, cho thay ddi voi mo hinh dong hoc biéu kién bac nhat
déu co hé s6 xac dinh (R?) va sai s6 twong ddi chuan nhoé hon so véi md hinh dong hoc
biéu kién bac hai. Chinh vi vay, c6 thé cho réng md hinh dong hoc biéu kién bac nhat la
phu hop véi cac két qua thue nghiém.
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KET LUAN

Tt cac két qua nghién ctru loai bo ba pham nhuém DY-S4G, DV-B va DTB-XF

véi dung luwgng hap phu kha cao, cu thé'la ddi voi cac phdm nhudm DY-S4G, DV-B va
DTB-XF lan luot 1a 324,6, 769,2 va 125,3 mg/g. Véi két qua do, vat liéu GO dugc tong hop
bang phuong phap Hummer cai tién dugc xem 1a vat liéu c6 tiém nang d€ sit dung lam

chét hap phu phdm nhudm trong mdi tredng nude bang phirong phép dién di lang dong

hodc/va mdt s6 nudce thai trong cac nganh cong nghiép khac.
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STUDY ON REMOVAL OF DY-54G, DV-B AND DTB-XF DYES BY
ELECTROPHORETIC DEPOSITION METHOD USING GRAPHENE OXIDE

Nguyen Hai Phong!, Ho Xuan Anh Vu!, Nguyen Van Thanh?,
Tran Dinh Luyen?, Huynh Ngoc Khanh3

! Faculty of Chemistry, University of Sciences, Hue University
2 Quality control of Gia Lai province
3 Truong Chinh senior high school, Gia Lai province
4 Tran Phu senior high school, Gia Lai province
* Email: nhphong@hueuni.edu.vn
ABSTRACT

In this reseach, the DY-54G, DV-B and DTB-XF dyes were removed from aqueous
solutions by electrophoresis deposition method (EPD) using synthetic graphene
oxide (GO) material by modified Hummer method as an adsorbent. The GO material
was characterized by FT-IR, XRD, UV-Vis, SEM and zero-charge point
(pHpcz)respectively. Isoelectric point of GO and the parameters such as pH,
electrolyte concentration, amount of material, potential and time of EPD method
were investigated. Experimental data tested against results of the adsorption
isotherm and kinetics models revealed that the sorption of DY-54G, DV-B and DTB-
XF dyes was best described by pseudo- first order and Freundlich models

respectively.

Keywords: DY-54G, DV-B and DTB-XF dyes, EPD method and graphene oxide.
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