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Tom tit: Trong bai bao nay, ching toi trinh bay két qua tong hop graphen
oxit dang khir (ERGO) tur graphit bang phuong phap Hummers cai tién va
phuong phap von — ampe vong. Ung dung vat liéu vira tong hop vao phan
tich ¢ong thoi ham lugng kim loai cadmium va chi trong ba mau nuéc thai
d6 thi bang phuong phap von-ampe hoa tan anot xung vi phan (DP-ASV).
Két qua tham dinh phuong phép cho thay gia tri LOD trung binh va LOQ
trung binh thap, lan luot 1a: 1,38 + 0,17 (n = 4) ppb va 4,89 + 0,77 (n = 4)
ppb @i véi Cd(Il); 4,67 + 1,39 (n = 4) ppb va 15,7 + 4,63 (n = 4) ppb doi
Voi Pb(II) giita cuong d6 dong dinh hoa tan va néng do caa Cd(11) va Pb(II)
6 hé s6 tuong quan 1a kha 16n, r > 0,990; d6 dung tt vai gia tri do thu hoi
(Rev) dao dong trong khoang tir 85,8 % dén 115,4 %. Ham luong Cd va Pb
trong ba mau nudéc thai phan tich déu nho hon muc A cia quy chuian QCVN
08: 2015/BTNMT.

Tur khoa: GO, ERGO, DP-ASV, xac dinh Cd(l1) va Pb(ll).

1. PAT VAN BE

Ngay nay, ciing véi su phat trién manh mé cua qué trinh cong nghiép hoa, hién dai hoa
thi moéi trudng nudc cung ngay cang bi 0 nhiém hon. Sy & nhiém kim loai ndng do
lugng rac thai sinh hoat va chat thai céng nghiép tur nhiéu co s& san xuat chua duoc Xt
ly dung cach. Céc kim loai ning gay 6 nhiém moi trudng ¢ thé xam nhdp vao co thé
qua dudng hd hap, duong miéng, qua da,... voi ham lugng vuot quéa gidi han cho phép
s& gay bénh hoic ngo doc co thé [9]. Do vay, viéc nghién ciru danh gia, xur Iy kim loai
nang gay 6 nhiém c6 ¥ nghia hét sc quan trong [2].

Dé xé4c dinh duoc cac kim loai nang c6 trong ngudn nudc doi hoi sir dung phuong phap
phan tich c6 d6 nhay va do chon loc cao, xac dinh chinh xéac luong vét (c& 10 M) va
siéu vét (co 10° M). Trong cic phuong phap phan tich hoa 1y (phan tich cong cu), cac
phuong phéap phan tich dién hoéa noéi chung va phuong phap von - ampe hoa tan (SV)
noi riéng 1a phuong phap ¢6 nhiéu wu diém: do nhay, do chinh xac, tinh chon loc cao va
giéi han phat hién thap, dac biét chi phi thiét bi va chi phi phan tich ré va do do, rat
thich hop cho viéc xac dinh cac lwong vét kim loai [3], [4], [10].

Trén thé gii da c6 mot s6 nghién ctu phét trién phuong phap von - ampe hoa tan (SV)
dé xac dinh kim loai nang, nhung chu yéu la st dung dién cuc giot thuy ngéan treo
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(HMDE) hoic dién cuc giot thity ngan tinh (SMDE) 1a cac loai dién cuc dit tién va
hiém c6 trong phong thi nghiém & nuéc ta. Bé khic phuc nhugc diém cua céc loai dién
cuc nay di co rat nhiéu nghién ctu phét trién dién cuc mai [6], [8]. Theo hudng do,
chung t6i di va dang nghién ctru phat trién mot loai dién cuc mai dé 1a sir dung graphen
oxit dang khir dién hoa (ERGO) dé bién tinh dién cuc nhiam @ng dung phan tich kim
loai cadmium va chi. Dién cuc nay d& ché tao trong phong thi nghiém, ré tién, do nhay
tbt, gioi han phét hién thip va than thién méi truong.

2. THUC NGHIEM
2.1. Thiét bi, dung cu, ho chit
Thiét bi, dung cu duoc sir dung nhu sau:

- ‘Céc dung cu thuy tinh nhu buret, binh dinh mac déu duoc ua sach trugce ‘khi dung
bang cach ngam qua dém trong dung dich HNO3 2 M, rtra lai bang nuéc cat 2 lan;

- Thiét bi may phan tich cuc phé da ning VA 797 Computrace do cac dudng von-ampe
vong, von-ampe hoa tan anot xung vi phan.

Cac hoa chét sir dung trong nghién ctiu la cac hoa chit tinh khiét: Graphite bot, (Sigma-
Aldrich, USA); Axit sunfuric (H2SO4) 98 % (d = 1,84 g/mL, Merck, Dtic); Axit o-
photphoric (HsPO4) 85 % (d = 1,71 g/mL, Merck, Duc); Kali pemanganat (KMnOa) tinh
thé (Scharlau, Tay Ban Nha), d¢ém Briton Robinson 0,02 M (pH =7).

2.2. Phuwong phap phén tich

Phuong phép von-ampe vong (CV) dung dé khir graphen oxit thanh graphen oxit dang
khur dién hoa (ERGO) [5].

Phuong phdp von - ampe hoa tan anot xung vi phan (Differential Pulse Anodic
Stripping Voltammetry — DP-ASV) dugc str dung dé tien hanh nghién ctru dinh luong
chat phan tich trong dung dich nghién ctru va mau thuc te.

Quy trinh thi nghiém cia phuong phap DP-ASV duogc thuc hién qua cac budce nhu sau:

- Chuan bi dung dich nghién ctu bao gom dém axetat 1 M, pH 4,5; chat phan tich va
nudc cat hai lan (nudc sach);

- Phuong phap DP-ASV duoc tién hanh qua hai giai doan d6 1a giai doan lam giau va
giai doan hoa tan.

- Chuan bi dién cyc glassy carbon nén: Pién cuc glassy carbon (than thiy tinh - GCE)
c6 duong kinh 1a 2,8 £ 0,1 mm, dwgc chuan bi nhu sau:

+ Tién hanh mai GCE béng bot oxit nhdm chuyén dung (c6 kich thuéc hat 0,05 um)
trén moét tam vai ni.

+ Ngam GCE sau khi mai trong dung dich HNO3z 2 M trong khoang thoi gian 15 phut.
Cuoi cung, rira bang rugu etylic va nudc cat hai lan. Bé kho tu nhién & nhiét 46 phong.

- Qué trinh bién tinh GCE bang k§ thuat nho giot (drop - casting) nhu sau:
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+ GrO sau khi tong hop duoc phan tan vao dung mai thich hop nho su tro gilp cua siéu
am vai mot nong do vat liéu xac dinh, thuong la 1,0 mg/mL.

+ Str dung micropipet nho giot vai mot thé tich xac dinh GO (¢ day st dung 5 pl) 1én bé
mat GCE da dugc lam sach va dé yén & nhiét ¢6 phong hoic c6 thé chiéu sang bang dén
tungsten 40 W hoic siy & nhiét do 60°C.

Sau khi dung méi bay hoi hoan toan, dién cuc san sang lam viéc.
2.3. Chuin bi miu
- Tan suat ldy mau: 2 ngay/1 1an. Thoi gian va diéu kién thai tiét dugc néu trong bang 1.

Bang 1. Thoi gian va diéu kién thoi tiét ciia cc lan ldy mau

STT Lan lay miu Thoi gian biéu kién thoi tiét

1 Lan1 10/5/2020 Nang

2 Lan 2 12/5/2020 Ning

3 Lan 3 14/5/2020 Nang nhe

- Théng tin cac diém lay mau duoc néu ra & bang 2.
Bang 2. M ta vi tri cdc diém ldy mau
Vi tri ldy miu
Lan Iéy SR & X Toa dd ) ;
x biem lay mau Ghi chu
mau Kinh dd Vi d

1 ACl 107°35°31°D 16°27°24°B Cau Kho Rén
2 AC1l 107°35°31°D 16°27°24°B Cau Kho Rén
3 ACl 107°35°31°D 16°27°24°B Cau Kho Rén

- Quy céch lay mau: tai diém Iy mAu tién hanh lay mau tai do sau 0=1m. Quy céch lay
mau tuan theo cac hudng dan quy dinh trong TCVN 6663-1: 2011.

- Xu ly va bdo quan m:?lu: mau duogc dung trong chai nhya sach, mang vvé phong thi
nghiém, axit hda mau bang HNOs dén pH tir 1,0 dén 2,0; tién hanh loc dé loai bo chat
rén lo limg qua gidy loc Sartorius (¢ = 0,45 um). Lam giau mau bang phuong phéap ¢o
can. Sau d6 dugc bao qudn trong tu lanh ¢ nhi¢t do < 4°C. Thoi gian luu mau khong qua
1 thang ké tir ngay lay mau.

3 KET QUA VA THAO LUAN

3.1. Tong hop graphen oxit dang khir

Graphit oxit duoc tong hop bing phuong phap Hummers cai tién voi ti 18 HSO4 :
H3POs=9:1 (V/IV).

Sau khi thu dugc san pham GrO, lya chon dung mdi dé phan tan GrO nhe tro gilip bing
siéu am va thu dugc san pham GO.
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Hinh 1. Hinh anh qud trinh tong hop GrO tir G theo phirong phdp Hummers cdi tién

Graphit oxit 1a san pham trung gian quan trong trong qua trinh tong hop graphen oxit.
GO thu duoc théng qua khudy co hoc hoic siéu am GrO trong dung mdi hitu co phan
cuc hodc dung moéi nude. Phuong phap si€u am dam bao viéc boc tach nhanh hon va
hiéu qua hon. Phan tan GrO vao nudc bang cach siéu &m trong 5 gid, dudi tac dung cua
song sién am, lyc tinh dién gitra ca&c nhom chac chira oxi va dung mdi phén cyc thi
graphit oxit s¢ dugc tach ra thanh cdc mang don 16p graphen oxit (hinh 2b).

v

Hinh 2a. Hinh anh cia GrO tong hop nhung Hinh 2b. Qua trinh béc tach graphit oxit
chua say trong dung méi nudc bang siéu am

Tir san pham GO tong hop dugc tién hanh xay dung quy trinh khir graphen oxit (GO)
thanh graphen oxit dang khur dién héa (ERGO) bang phuong phap von - ampe vong.

3.2. Tong hop vat ligu graphen oxit dang khir dién hoa (ERGO)

Két qua cua qua trinh khir GO thanh ERGO sir dung phurong phap von — ampe vong thu
duoc ¢ hinh 3.

Qua hinh cho thy, tai thé gan bang -1,0 V trong lan quét dau tién co sy gia ting cia
dong catot. Piéu nay co thé khing dinh rang da c6 su khir mot s nhdm chic chira oxy
trén bé mat cia GO. Nhung trong cac lan do thir hai tin hiéu ¢6 xu thé giam dan va dén
cac lan do thir 9 va 10 thi gan nhu khéng c6 su gia ting tin hiéu dong catot. Nhu vay,
qua trinh khir GO thanh ERGO c¢6 thé dd hoan thanh. Véi céch bién tinh dién cuc nhu
vay, dién cuc duoc ky hiéu la ERGO/GCE.
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Hinh 3. Cdc dwong von-ampe vong khir GO thanh ERGO

DKTN: dém Briton Robinson 0,02 M, pH = 7; Erange: =2V + 0V trest = 10S; Usep = 4 mV; v =
100 mV/s.

3.3. Panh gia d¢ tin cay cia phwong phap phan tich
3.3.1. Xay dung dwong chudn
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Hinh 4. Cdc dwong DP-ASV cia Cd(11) va Pb(Il) trong dung dick dém axetat va c&c lan thém chuan

DKTN: dém axetat 0,1 M, pH = 4.,5; [Hg(I1)] = 100 ppm; Egep = -1,0 V; tpep = 60 S; Erange: -1,0
V - 40,5 V; Usep = 6 mV; v = 20 mV/s; AE = 50 mV; mai lan thém 10 ppb méi kim loai.
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Truéc hét tién hanh xay dung duong chuan xac dinh dong thoi Pb(11) va Cd(ll) bang
phuong phap von-ampe hoa tan anot xung vi phan (DP-ASV) st dung dién cuc mang
thuy ngan (MFE) in situ trén dién cuc glassy carbon (GCE) bién tinh bang graphen oxit
dang khir dién hoa (ERGO) duoc ky hiéu 1a MFE/ERGO/GCE. Két qua sau bén lan do
lap lai dugc chira ¢ hinh 4.

Tir két qua o hinh 4, Tién hanh xay dung phuong trinh hoi quy tuyén tinh biéu dién mbi
quan hé gitra Ip (uA) va ndng d6 cia hai kim loai Cd(11) va Pb(11) (ppb) dang I, = (a +
€a) + (b £ ep)x. Thu duoc két qua ¢ bang 1. Céc két qua & bang khong tinh dén duong
do dau tién, bai vi ddi véi Cd(IT) khong xac dinh duoc Ip.

Bang 3. Cdc gid tri cwong do dong dinh (Ip) ciia mdu nén va cac lan thém chudn

Nong do Ip (uA) —lan 1 Ip (1A) — lan 2 Ip (WA) —14n 3 Ip (uA) — 14n 4
thém, ppb | g Pb Cd Pb Cd Pb Cd Pb
0 0 0,0653 0 0,046 | 0 0,0873 | 0 0,0914
10 201 | 127 | 1,95 | 113 | 206 | 132 | 19 | 1,36
20 406 | 237 | 403 | 241 | 395 | 227 | 390 | 2,27
30 6,02 | 353 | 606 | 406 | 616 | 375 | 607 | 364
40 710 | 525 | 842 | 526 | 818 | 518 | 818 | 530

Bang 4. Cac gid tri ciia phirong trinh hoi quy tuyén tinh doi véi Cd(11) va Pb(1l)
cd(1) Pb(ll)

Lin1l | Lan2 | L4n3 | Land4 | Lan1 | Ldn2 | L4n3 | Lin4

0,490 | -0,245 | -0,055 | -0,160 | -0,170 | -0,295 | -0,135 | -0,155

0,172 | 0,214 | 0,206 | 0,208 | 0,131 | 0,140 | 0,131 | 0,132

Cic thong sb

r 0,9911 | 0,9994 | 0,9996 | 0,9997 | 0,9937 | 0,9981 | 0,9957 | 0,9919
Syix 0,097 | 0,116 | 0,093 | 0,083 | 0,233 | 0,133 | 0,193 | 0,267
LOD 1,355 | 1620 | 1,354 | 1,201 | 5336 | 2,836 | 4,431 | 6,062
LOQ 5,641 | 5421 | 4,515 | 3,990 | 17,79 9,50 14,73 | 20,23

Tur gid tri trong bang 4, xac dinh dugc gié tri LOD trung binh 14 1,38 £ 0,17 (n = 4) ppb
va LOQ trung binh 13 4,89 + 0,77 (n = 4) ppb dbi v6i Cd(II). Bbi véi Pb(ll) 1a 4,67 +
1,39 (n = 4) ppb va LOQ trung binh la 15,6 + 4,63 (n = 4) ppb. Tir cac két qua tinh toan
nhan thay rang:

- Giita cuong d6 dong hoa tan va nong do cua Cd(11) va Pb(ll) c6 hé sé tuong quan 1a
kha Ion, r>0,990.

- Gigi han phat hi¢n dbi véi ca hai kim loai 1a kha thap, trong d6 véi Cd(11) nho hon 3,4
lan so véi Pb(Il). Nhu vay, phuong phap DP-ASV st dung dién cuc MFE/ERGO/GCE
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c6 thé xé4c dinh dong thoi Cd(I1) va Pb(ll) trong mot 50 mau mdi truong ma khéng qua
giai doan 1am giau nhu chiét long — long hay chiét pha ran,.

3.3.2. Danh gia dj dung ciia phwong phap

Danh gia d6 dung cta phuong phap phan tich bang cach xéac dinh do thu hdi trén mau
that. Mau that duoc lya chon 12 mau nuéc mat. Tién hanh phan tich dinh luong dong
thoi Cd(Il) va Pb(Il) trong mau that va mau that thém chuan bang phwong phap DP-
ASV dung dién cuc bién tinh MFE/ERGO/GCE. Két qua thu dugc & hinh 5 va bang 3.

4.5x10° 7.0x10° 1

a) - igdmglle b) — Spike Sample
- -6 | —— Add 01
4.0)(10-6' — Add 02 6.0x10 — Add 02
o
3.5x10° 500
—~T —~
< < 4.0x10°
~ 3.0x10° -
3.0x10° 1
N
2.5x10 2.0x10°
2.0x10° = T T , 1.0x10° T T T )
-1.0 0.8 -0.6 0.4 0.2 -1.0 -0.8 -0.6 0.4 -0.2
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Hinh 5. Cdc duwong DP-ASV cua Cd(11) va Pb(I1) ciza mau thdt (a) va mdu thdt thém chudn (b).
Bang 5. Gid tri dé thu hoi khi xdc dinh dong thoi Cd(11) va Pb(11)

Kim C1, ppb Co, ppb Cz, ppb Rev

loai (TB+Sd,n=3) (TB+Sd,n=3) (TB+Sd,n=3) (%)
Cd(n 0,31+0,12 10 8,89+0,34 85,8
Pb(II) 1,06 £0,01 10 12,62 +0,21 1154

Qua két qua ¢ bang 5, nhan thay gia tri do thu hdi (Rev) dao dong trong khoang tir 85,8
% dén 115,4 %. Theo AOAC, & nong d6 chat phan tich 1a 10 ppb thi Rev cho phép tur
80 % dén 120 %. Nhu vay, khi so sanh vsi AOAC ¢ nong do 10 ppb 1a hoan toan chap
nhan duoc. Vi vdy, phuong phap DP-ASV st dung dién cuc bién tinh
MFE/ERGO/GCE la c6 d6 dung tét.

3.4. Xac dinh ham hreng kim loai Pb va Cd trong miu nwéc thai
Bang 6. Két qua phan tich néng do cia Cd(I1) va Pb(l1)trong ba mdu nuéc thai dé thi

Miu | Kimloai | TB+Sd(n=3) | RSD(%) QCVN-08-2015/BTNMT
Cd' (ppb) 036+ 003 8.33 Cd (ppb) Pb (ppb)
1
Pb' (ppb) 133+ 0,05 3,76 A B A B
, Cd" (ppb) 031+ 002 6.45
Pb' (ppb) 1,06 £ 0,01 0,94
1 2
3 Cd" (ppb) 0,99 £ 0,02 2.02 5 0 0 50
Pb' (ppb) 1,09 % 0,02 183
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Tién hanh phan tich dong thoi Cd(ll) va Pb(1l) trong ba miu nu6c thai do thi thai ra
song An Cuu. Két qua phén tich ba mau nudc thai dugc chi ra & bang 6.

Qua két qua phan tich ndng d6 caa Cd(I1) va Pb(I1) trong ba mau, chung toi dua ra mot
sO nhan xét nhu sau:

- Gié tri do léch chuan twong dbi cua ham Horwitz (RSDwr) & cac nong do xap xi 0,5; 1,0
va 1,5 ppb lan luot 1a 50,23; 45,26 va 42,58 %. Nhu vay so Vi gia tri RSD thu dugc &
bang 6 thi cac két qua déu nho hon RSDy & cac nong do cia Cd(II) va Pb(II). Do do,
cac két qua phan tich déu c6 do 1ap lai 1a chap nhan duoc.

- Khi so sanh két qua ¢ bang 6 dbi véi hai kim loai Cd(11) va Pb(Il) voi QCVN 08:
2015/BTNMT nhan thay cac két qua déu nho hon mac A cua quy chuan ddi voi nuGe
mit luc dia dung cho muc dich cip nudc sinh hoat. Piéu nay cé thé khang dinh rang
nudc thai do thi tai khu vuc lay mau chua c6 dau higu 6 nhiém Cd(I1) va Po(ll).

4. KET LUAN

ba tong hop thanh cdng graphit oxit (GrO) tur graphit (G) bang phuong phap Hummers
cai tién str dung cac hop chat oxy héa manh H2S04, H3PO4, KMnO,4 ¢ nhiét d6 phong
va sir dung phuong phap von — ampe vong dé tong hop graphen oxit dang khir dién hoa
(ERGO). Phuong phap DP — ASV sir dung dién cuc bién tinh MFE/ERGO/GCE dé
phan tich ham luong cua Cd'" va Pb'' trong ba mau nuéc thai trén séng An Cuu la dang
tin cay.
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Title: SYNTHESIS OF REDUCED GRAPHENE OXIT FROM GRAPHITE AND
APPLICATION OF ANALYSIS Cd(ll) AND Pb(ll) IN WASTEWATER SAMPLES BY
STRIPPING VOLTAMMETRY

Abstract: In this paper, we report the results of synthesizing reduced-form graphene oxide
(ERGO) from graphene by the improved Hummers synthesis and the cyclic voltammetry (CV)
methods. The newly synthesized material was applied in simultaneous analysis of Cd and Pb
metals in three urban wastewater samples by the differential pulse anodic stripping voltammetry
(DP-ASV). Method evaluation results show that the average LOD and LOQ are low,
respectively: 1,383 £ 0,174 (n = 4) ppb and 4,892 + 0,774 (n = 4) ppb for Cd(ll); 4,666 + 1,391
(n = 4) ppb and 15,56 + 4,626 (n = 4) ppb for Pb(ll); between the intensity of peak dissolved
current and concentration of Cd (Il) and Pb (Il), the correlation coefficient is quite large, r >
0,990; good accuracy with the recovery value (Rev) ranges from 85,8 % to 115,4 %. The
content of cadmium and lead in three wastewater samples is less than the A level of QCVN 08:
2015/BTNMT for surface water for domestic use.

Keywords: GO, ERGO, DP-ASV, determination of Cd(lIl) and Pb(ll).



