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Pinh luong nhanh 13

nguyén to luong vét Gii thiéu
Y 3 Cuc duong la mét trong nhiing thanh phan cét 16
trong than Chl bang cta pin lithium-ion; chirc ndng cdia nd la luu trir va

AViO 220 Max ICP-OES gidi phéng nang lugng, do @6 anh hudng dén hiéu
suat chu ky ctia pin. Mé&c du cuc duong co thé

dugce lam tir cae vat liéu khac nhau, vat liéu dugc str dung phé bién nhét la than chi nhan tao
do gia thanh thap, tudi tho dai va kha nang luu tri cao. Tiéu chuén GB/T 24533-2019 cla
Trung Qudc quy dinh vé gidi han nguyén t6 vi luong trong than chi nhén tao loai | diing cho
cuc duong la < 5 mg/kg, trong khi ham lugng sat va luu huynh phai dudi 20mg/kg (Bang 1).
Phu luc H ctia GB/T 24533-2019 khuyén nghi str dung phuong phap pha méau vi song dé xi
ly mau, nhung né khong thuc sy hiéu qua déi vai than chi vi can nhiéu axit, qua trinh thuc
hién phrc tap, thoi gian thuc hién dai, va khéng phir hgp dé xtr ly nhigu mau cting ltc.

. ; . . Bang 1. GB/T 24533-2019 Ham luong tap cho phép trong than chi
Nghién ctu nay dua ra mét quy nhén tao loai |

trinh xt ly mau mdi, st dung it e .| Ham lugng t6i da
axit hon, don gidn hon va dé Phan loai cho phép (mg/kg)

dang mad rong dé phu hop véi sé Fe 20
luong méau lon. Thiét bj Avio 220 Al 5
Max ICP-OES dugc str dung dé Cr 5
do 13 nuyén t6 tir ca hai phuong Céc nguyén t6 Cu 5
phap pha mau vi séng va luong vét Mo 5
phuong phép xtr ly mau thay thé Na 5
nham so sanh ca hai k§ thuat Ni 5
chugin bi ma. Ham luong Sufur S 2
Cd 5

Cac nguyén t6 bi Hg

han ché Pb
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Rapid Determination of 13 Trace Elements in Graphite with the Avio 220 Max ICP-OES

Thuc nghiém
M4&u va Chuan bi mau
Ky thuat st dung mady gia nhiét khoi

Céan hai mau thir (Graphite A, Graphite B) m&i mau 0.5g vao 6ng gia
nhiét 50mL (50 mL DigiTUBES®). Sau d6 thém vao 5mL cuong toan.
Céc 6ng duoc day nap hd va dun nong & 120 °C trong 60 phut
trong may gia nhiét khai (Sample Preparation Block). Sau khi dun
ndng cac 6ng dugc lam ngudi vé nhiét dé phong, thém nude khirion
dé€ dat tng thé tich 50mL va ly tdm trong 10 phut & t6c d6 9000
vong/phut. Cac mau trang dugc chudn bj tuong tu nhung khong co
graphite. Cac mau thém chuan dugc thém 0.1mg/L chuén vao cac
mau trudc khithém cuong toan.

Ky thuat sur dung mdy phd mau vi séng

Céan hai mau thir (Graphite A, Graphite B) moi mau 0.5g vao 6ng pha
mau vi song (microwave digestion vessels), sau dé thém vao 10mL
cudng toan. Céc 6ng dugc d€ md nap trong 15 phtt d& cac phan
Ung ban dau xay ra trude khi day kin. Cac méu dugc pha mau trong
[0 vi sdng 3220 °C trong 30 phut. Sau dé dé ngudi vé nhiét do
phong trudc khi chuyén tat cé vao cdc éng 1dy mau tu dong

50 mL (autosampler tubes) va thém nudc khirion dén 50 mL. Vi
graphite khong thé tan dugc hoan toan nén cac mau dugc ly tam dé
tach phan ran ra khdi dung dich. Cac mau trang duoc chuén bj tuong
tu nhung khong cé graphite. Cac méu thém chuén dugc thém

0.1 mg/L chuén vao céc mau trude khi thém cuong toan.

Diéu kién thiét bi

Tat cé cac phép phan tich déu duoc thuc hién trén may ICP-OES
Avio 220 Max véi céc diéu kién van hanh trong Bang 2 va budc sdng
dinh lugng trong Bang 3. Hé théng quang hoc doc déo clia Avio 220
cung cap dé nhay tuyét vai, cho phép dinh lugng chinh xéc cdc mau
noéng do thap, diéu nay rat quan trong khi danh gid tap chat. Mét loi
ich khac cuia do nhay cao la kha nang st dung ché do do xuyén tam
(radial) d€ phan tich. Vai muc chat rén hoa tan cao nhu trong céc

Bang 2. Théng sé'thiét bi Avio 220 Max ICP-OES

tongss——Joam

Nebulizer Thuy tinh, loai K1, thé tich chét nhd
Buong phun Thuy tinh, loai xody dong

Injector Vat liéu Alumina, dudng kinh trong 2 mm
Toc do Ar tao plasma 12 L/phut

Toc do dong phu trg 0.4 L/phut

Toc do dong Nebulizer 0.7 L/phdt

Cong suat RF 1400 W

Thoi gian tich phan Tudong, 0.5-2.0 giay

Ché do do Xuyén tdm (Radial)

S6 lan do lap lai 3

Téc do hut mau 1.5 mL/phut

Ong hdt mau
Ong thai

Black/Black (0.76 mm i.d.), PVC
Red/Red (1.14 mm i.d.), PVC

méu nay (10%), ché dé do xuyén tam sé gidp gidm hiéu tmg do
nén mau trong plasma. Do do, t&t ca cac phép do déu dugc thuc
hién dua trén céc duong chuén ngoai, chat chuén dugc pha trong
axit nitric 5% (v/v) véi ndng dé céc diém chuén nhu trong Bang 4.
Mau trang la axit nitric 5%.

Bang 3. Cdc nguyén té va budc séng Bang 4. Thong tin duong chuén

Nguyén t6 Budc séng dinh Céc diém N‘ang do
lugng nm chuén (mg/L)
Al 1

396.153 0.025
Cd 228.802 2 0.05
Co 228.616 3 0.1
Cr 267.716 4 02
Cu 327.393 5 05
Fe 238.204 6 1.0
Hg 253.652
Mo 202.031
Na 589.592
Ni 231.604
Pb 220.353
S 180.669
Zn 213.857

Két qua va thao luan

Trong qua trinh phat trién phuong phép, moét s vach phé cho méi
nguyén t6 da dugc dénh gid va céc vach dugc chon (Bang 3) cung
cap ty 1& S/N cao nhat va khong co nhiéu. Cac dudng chuén cho
tat ca céc chéat phan tich déu cé hé sd tuong quan Ién hon 0.9999
(Béng 5), cung vai mét s6 dudng dudng chuén minh hoa trong
Hinh 1.

Bang 5. Hé sd tuong quan duong cua duong chuan

moi nguyén té

Al 0.999995
Cd 0.999990
Co 0.999999
Cr 0.999976
Cu 0.999968
Fe 0.999995
Hg 0.999957
Mo 0.999993
Na 0.999921
Ni 0.999997
Pb 0.999980
S 0.999944
Zn 0.999946



Rapid Determination of 13 Trace Elements in Graphite with the Avio 220 Max ICP-OES
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Hinh 1. Puong chuén cua mot sé nguyén t&

Tiép theo, gidi han phat hién trong dung dich dugc xéc dinh
bang cach do 11 lan méau trédng dugc xUr ly bang may gia nhiét
khdi va nhan 3 1an d6 léch chuén. D€ tinh dén hé s6 pha lodng
100 lan va dua ra gidi han phat hién ctia phuong phap, gioi han
phat hién clia dung dich duoc nhan véi 100. Ca gidi han phat
hién clia dung dich va chét ran dugc thé hién trong Bang 6 va
du thdp dé dap ung céc yéu cau clia GB/T 24533-2019.

Sau khi dua ra cac gidi han phat hién clia cac nguyén té phan
tich, cac méau graphite dugc x(r ly bang may gia nhiét khéi dugc
dem phan tich. Nhu két qua trinh bay trong Bang 7, ca hai méau
graphite déu dap Ung théng s6 ky thuat clia graphite nhan tao
loai | theo dinh nghta trong GB/T 24533-2019. Dé déanh gia do
chinh xéac, cac mau da dugc spike 0.1 ppm chuén trude khi x
ly méu va dem phan tich sau khi ngdm chiét. D6 thu hoi cla tat
cé céc nguyén t6 spike déu nam trong khoang 90-110% gia tri
thuc cla chiing d6i véi ca hai mau, nhu thé hién trong

Bang 7.

Al
Cd
Co
Cr
Cu
Fe
Hg
Mo
Na
Ni
Pb
§
n

Gidi han phat hién
trong dung dich (ug/L)

Bang 6. Gidi han phat hién trong dung djch va trong mau ran.

0.2
0.2
0.3
0.2
1.0
0.2
0.5
0.5
1.0
1.8
0.2

0.03
0.02
0.02
0.02
0.03
0.02
0.10
0.02
0.05
0.05
0.10
0.18
0.02

Gidgi han phat hién
trong mau ran (mg/kg)
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Bang 7. Két qua dinh luong cdc nguyén té cda 2 mau xur ly bang ky thuat gia nhiét khoi va % thu hoi chuan tir cac mau spike

% thu h6i 0.1 ppm chu&n

% thu hdi 0.1 ppm chuén

Nguyén t& M3&u Graphite A (mg/kg) a8 spike Ma&u Graphite B (mg/kg) Ferle

Al 118 107 0.498 101

Cd 0.022 100 <DL 94

Co <DL 103 0.030 100

Cr 0.024 109 <DL 102

Cu <DL 103 0.037 107

ke 1.16 106 0.800 98

Hg <DL 99 <DL 96

Mo 0.027 106 0.058 104

Na 0.475 106 0.619 100

Ni 0.283 107 1.86 97

Pb <DL 105 <DL 104

S 464 101 BI6S 101

n 0.026 100 <DL 101
DE danh gia do 1ap cda quy trinh x{r ly mau bang may gia Phuong phép phd méau st dung méy gia nhiét khéi dugc so sénh
nhiét khéi va Avio 220 Max ICP-OES, mau Graphite B da dugc v&i phuong phép pha méu vi séng da thiét 1ap bang cach chuén bi
spike thém 0.1mg/L chuén va dugc phén tich 11 an. RSD mau than chi bang cd hai phuong phép va phéan tich. Bang 9 cho
cla 11 phép do dugc trinh bay trong Bang 8 va tat ca déu thay két qua phan tich cdc mau tir hai phuong phap chuén bi mau
nho hon 1%, ngoai trir thidy ngan, chimg minh tinh nhat quan c6 do léch dudi 10%. Dieu thu vi la khi nhiét d6 cao hon dugc st
va do6 chinh xéc cla ca quy trinh x&r ly méau bang may gia dung trong vi séng (220° C vai 120° C trong may gia nhiét khdi)
nhiét khoi va Avio 220 Max. khong chiét ra duoc céc ion kim loai véi nong do cao hon. Dieu

nay chimng to rang tat ca cac kim loai déu dugc chiét ra hét khoi
X 3 R

Bang 8. 6 lap cda phuong phap xur ly mau bang may gia nhiét mau ¢120 °C.

khoi. RSD cua 11 Ian chuén bi va phéan tich mau Graphite B da

duoc spike 0.1 mg/L chudn. Méc du thai gian chiét tdch cla may gia nhiét khoi (60 phut) lau
hon thoi gian vi séng (30 phut), k§ thuat may gia nhiét khéi co
A 0.4% thé cung cép thong lugng méau cao hon khi xem xét mot qua
cd 0.2% trinh chuan bi mau hoan chinh:
Co 0.4% = Thoi gian dé day kin cac ng pha mau vi séng
Cu 0.8% = Thdi gian dé lam ngudi cdc mau dén nhiét dé phong (120 °C
Fe 0.9% khi chiét bang mdy gia nhiét khai so véi 220 °C phd méau bang vi
Hg 23% séng) trude khi dua dén thé tich cudi cung
Mo 0.8% = Can phai chuyén dung dich mau sau khi x Iy tr cdc 6ng mau vi
Na 0.5% song sang cac ng lay mau tu dong dé phan tich.
Ni 0.1% = Thoi gian rira céc 6ng pha mau vi séng
Pb 0.3% = Kha nang dé dang chira mét sé lugng mau lén
S 0.8% Mot lgi ich khac cia phuong phap xur Iy mau bang may gia nhiét
Zn 0.2% khéi 1a phuong phap nay st dung mot nira lugng axit (5 mL so

v6i 10 mL).
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Bang 9. Bang so sanh: may gia nhiét khoi voi pha mau vi séng

Nguyén 16 VE g(;r: gr}ESt khai

Al 1.18 127
Cd 0.022 0.024
Co <DL <DL
Cr 0.024 0.028
Cu <DL <DL
Fe 1.16 1.23

Hg <DL <DL
Mo 0.027 0.032
Na 0.475 0.542
Ni 0.283 0.259
Pb <DL <DL
S 4.64 4.01

Zn 0.026 0.022

Két luan

Nghién ctru nay da dua ra mét quy trinh x(r ly mau don gian, phu
hop dé€ dinh lugng céc tap kim loai lugng vét trong than chi theo tiéu
chuén Trung Qudc GB/T 24533-2019. Bang cach st dung quy trinh
ngam chiét véi may gia nhiét khéi, viéc chudn bi mau dugc don gidn
hda, st dung it axit hon va co kha nang chuén bi nhiéu mau hon.
Quy trinh ngdm chiét da dugc xac minh bang céc so sanh céc két
qua phén tich dat dugc trén thiét bi ICP-OES Avio 220 Max vdi céc
két qua phan tich tir quy trinh pha mau vi séng thong thudng. Uu
diém cuia Avio 220 Max bao gdm dd nhay va dé bén cao, cho phép
phan tich chinh xac & néng dé thap. Strkét hop gitra ngam chiét
nhanh véi phan tich bang Avio 220 Max ICP-OES Ia ly tudng dé xac
dinh tap chét trong than chi d€ dap tmg nhu cau cta thi truong pin
lithium-ion.
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Graphite A Graphite B
Pha méu vi séng (mg/kg) bk g(]r:gr}zgl;(;t khoi Ph& mau vi s6ng (mg/kg)

0.498 0.478
<DL <DL
0.030 0.025
<DL <DL
0.037 0.035
0.800 0.730
<DL <DL
0.058 0.069
0.619 0.712
1.86 1.89
<DL <DL
3.55 3.26
<DL <DL

Vat tu tiéu hao

5 = Part

Nebulizer loai Concentric Glass K1 LDV N0811287
Budng phun loai Baffled Glass Cyclonic N0791352
2.0 mm i.d. Alumina Injector N0791183
Torch thach anh N0790131
DigiTUBES loai 50 mL ¢6 ndp (s6 luong = 750) N9308037
(jng hit mau loai Black/Black (0.76 mm i.d.), PVC, flared N0777043
Ong thai Red/Red (1.14 mm i.d.), PVC 09908585
Chuan da nguyén t6: PerkinElmer Pure VIII, 100 ppm Al, B, Ba, N9303942
Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Sr, T,
- (125 mL)
2 Ny N9300174
Chuan don nguyén t6: Mercury, 1000 ppm (125 mL)
a3 N N9303748
Chuan don nguyén t6: Molybdenum, 1000 ppm (125 mL)
2 N N9303796
Chuén don nguyén to: Sulfur, 7000 ppm (125ml)
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