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Lo gi&i thigu

Phép xac dinh c4c nguyén té dang vét trong than va cdc dang ngdy cang tr& nén quan trong vi dnh
hudng clia cac nguyén té nay dén mai truémg. D& cb két qua chinh x4c va dung d8i v&i phép phén tich
cac nguyén té dang vét, yéu clu cac phuong phap thlr tiéu chuln 13 sdn c6 va nhirng phuong phép
nay phdi trén co s& cac quy trinh tin cdy.

Tiéu chudn ndy nhém lva chon céc phuong phép thich hop sn ¢ @ xéc dinh nguyén t8 dang vét phd
bién trong than.
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Than - Lwa chon phwong phap xac dinh cac nguyén té dang vét

Selection of methods for the determination of trace elements in coal

1 Pham vi 4p dyng

Tidu chudn ndy duwa ra hudng din v sy lya chon cac phrong phép st dung 8 xac dinh cac
nguyén té dang vét trong than. Cac nguydn té dang vét lidn quan @én méi trudng bao gdm
antimon asen, berili, bo, cadimi, clo, crom, coban, 84ng, flo, chi, mangan, thly ngén, molybden,
niken, selen, tali, vanadi va k8m. C6 thé bd sung vao danh myc ndy cdc nguy8n té phéng xa dang
vét nhur thori va urani.

Tigu chudn ndy khdng ndu cic phuong phap a8 xac dinh don 18 cdc nguyén té dang vét.
Phép phan tich cac miu chuén Gugc ching nhdn twong (ng 14 rét quan trong @8 khdng ainh 69
chinh xdc cla phwong phép sl dyung [xem TCVN 8056 (ISO Guide 33)].

2 Tailidu vign din

Céc tal liéu vién din sau la cin thibt cho vidc ap dung tiéu chuln nay. DI véi céc tai lidu vién din
ghi nam cdng bé thl 4p dung bin duoc néu. D8I vél cac tal lidu vien diin khdng-ghi ndm cdng bd
thl &p dung phién ban méi nhét, bao gdm ca céac stra ddi (nbu cb).

TCVN 6910 {ISO 5725) (tAt ci c4c phin), DY chinh xéc (0 ding va db chym} cda phuong phép
do va kéf qué do.

ISO 1213-2, Solid mineral fuels —= Vocabulary - Part 2: Terms relating to sempling, testing and
analysis (Nhién liu khoéng rdn ~ Tir vung — Phén 2: Thuft nglr lién quen dén I8y méu, thoy
nghiém va phén tich).

TCVN 8056 (ISO Guide 33), Reference materials - Good paractice in using reference materials
(M3u chuén - Thye hénh t8t trong st dung m8u chudn).

3 Thult ngl, dinh nghla

Trong tiéu chudn ndy &p dung céc thuft nglr, dinh nghfa néu trong ISO 1213-2.
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4 Céc tiv viét tht

AAS Phép do phd hép thu nguyén t&r (atomic absorption spectrometry)

AFS Phép do phd huynh quang nguyén t (atomic fluorescence spectrometry)

CVAAS  Phép do phd bép thu nguyén tir hoi-lanh {cold-vapour atomic absorption spectrometry)
GFAAS  Phép do phd hdp thu nguyén tir [&-graphit (graphite-fumace atomic absorption spectrometry)
ic Séc ky ion (ion chromatography)

ICP-AES Phép do phd phéat xa nguyén tl plasma c@p cam (rng (inductively coupled plasma
atomic emission spectrometry)

ICP-MS  Phép do phb khéi plasma c#ip ¢dm (rng (inductively coupled plasma mass spectrometry)
INAA Phan tich béng thit bj kich hoat notron (instrumental neutron activation analysis)
ISE Bién cyc chon loc on (ion selective electrode)

XRF Phép do phd huynh quang tia-X (X-ray fluorescence spectrometry)

5 Lwa chon phwong phép

5.1 Qui djnh chung

Tém tht cac eng dung k¥ thuat co6 thd ap dung d8 xac dinh tirng nguyan té dang vét duge néu dudi
d4y. So @3 qui trinh dugc sir dung d8 xéc dinh nguyén td dang vét duoc néu tai Phy lyc A.

Didu quan trong 14 ham lugng dm clia miu duge xac dinh dd c6 thé tinh két qud & trang théi
khéng phél *khé-khdng khi™.

CHU THICH 1: C6 cac qui trinh phén tich c6 thé 4p dung cho than chua tro héa. Phuong phap 4p dyng
dugc gidi thich tai Phy lyc B.

CHU THICH 2: Bo, clo, flo, thGy ngan va selan dugc gidi phdng khi tro hda than, vl vay, khong xac dinh
duge ham luwgng cla céc nguyén té ndy trong than béing cach phan tich tro chudn bj trong phdng thir
nghiém.

Khi qui trinh phan tich y&u cu tro héa than, thl didu quan trong |4 xac dinh lrgng tro @8 cé thé
tinh ham lrgng cac nguyén td dang vét trong miu than, (xem idu 7). Qui trinh tro héa dugc néu
tai TCVN 7085 (ISO 15238)°.. Than dugc tro héa trong cac dia silica hodc thach anh, hodc trong
céc chén bdng platin hodic hgp kim platin, trong 18 tro héa théng thudng, Nhiét 48 16 dugc ting 1én
tir ihiét A9 mdi trieéng dén téi da 14 500 °C, trong thdi gian tir 1 h dén 3 h va duy trl tai nhiét ¢
ndy cho dén khi vt lidu carbon dugc oxy héa hoan toan trong thri gian tdi da 12 18 h. Téc 4o adt
dueec lira chon d& khdng gay béc chay va tranh thét thoat co hoc adi véi miu.
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5.2 Asen va selen

Asen va selen dugc xac dinh bdng cach phat sinh hydrua/hdp thy nguyén tir hoic cac phuong
phap huynh quang nguyén t(r sau khi tro héa than & nhiét a9 800 °C véi sy tham gia clia hdn hop
Eschka va hoa tan béng axit clohydric. TCVN 7986 (1SO 11723)%! 14 phuong phap dwec khuyén
nghi a8 xac dinh asen va selen trong than.

Asen trong than dugc xdc dinh bdng phép phén tich tro d8 duec chun bj trorlg phong thir nghiém
tal nhigt a4 khéng I&n hon 500 °C. Selen dugc bay hei tai nhiét dd twong aéi thdp va khdng can
lal trong tre. Hign nay khdng cé tidu chuldn a8 xac dinh asen trong tre than. Qul trinh phit hep 13
hda tan tro ho#ic bdng céch nung chdy hodic bing hdn hep cac axit (axit nitric, clohydric va'
flohydric) va x4c dinh chat phan tich bing hydrua/AAS hod#ic hydrua/AFS. Nguyén té ndy cling ¢
"thé dwgc xac dinh bing ICP-MS néu loal bd dugce sy cén trd do argon clorua gay ra.

5.3 Bo

Bo duge xac dinh blng ICP-AES sau khi tro héa than tai nhiét 44 800 °C véi sy tham gla clia h8n
hop Eschka va hoa tan béing axit clohydric, (xem AS 1038.10.31). Qui trinh hoa tan nay tuong ty
nhu qui trinh 4p dyng adi v&i asen va selen, qui trinh dugc ndu trong TCVN 7986 (ISO 11723)11,

5.4 Antimon, berlli, cadiml, ¢crom, coban, ddng, chi, mangan, molybden, niken, tali, vanadi,
k&m, thori va uran

5.4.1 Qui dnh chung

Antimon, berlll, cadimi, crom, coban, ddng, chl, mangan, molybden, niken, tali, vanadi, k&m, thori
va uran dugc xac dinh bdng céc k§ thuat quang phd khdc nhau (xem ASTM D 6357119,

CHU THICH 1: R4t nhidu cAc nguyén té dang vét cé thd duoc xac dinh bAng XRF, tuy nhidn nél chung 4
nhay rit thdp d& xac dinh chinh xéc berili, cadimi, tali, thori va uran bing XRF.

Céc qui trinh khuyén ngh| dugc tém tit dudi day:
a) M3u than dugc tro hda tai tai nhigt ¢ I6n nhét 12 500 °C a8 chuydn hoa cac chét carbon;

b) Tro dwec chudn b trong phong thir nghlém dwec hda tan hosc bing cach nung chdy (xem
AS 1038.14.3"%) hodic bang h8n hop cac axit (axit nitric, clohydric va flohydric). Cdc qui trinh hda
tan ndy c6 thd &p dung d& phaén tich tro than. Chu ¥ 13 thorl va uran c¢é thd tao thanh céc florua
khdng tan va d&c blét ch( y a8 tranh sy xuét hign clia axit flohydric. Cé thd x3ic dinh thori va uran
trong vong 2 h chudin b dung dich axit hdn hep véi tro than hoiic florua c6 thd bj loal do bay hoi.

Dung dich nhén dugc theo qui trinh hda tan trong 44 florua duge tao phire véi axit borle, va ¢6 thé
sir dung A8 xéc dinh cdc nguyén td dang vét bing ICP-AES va ICP-MS.
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¢) Ndng dd clia cac chat phan tich trong dung dich dugc xac dinh bing céc k§ thuét quang phd.
Théng thudng 4p dung phuong phdp AAS. Hién nay d& dugc thay thé bdng phwrong phép ICP-
AES, phurong phédp dugc sir dung 88 xéc dinh phin |&n cac nguyén té nay, trir antimon, cadimi,
chl, tali, thori va uran. Sdu nguyén t§ ndy xuét hién trong than véi cac ham lwgng rét thap, khé
x4c¢ dinh bing ICP-AES, nhung ¢6 thd x4c dinh dwoc chinh xac¢ bing ICP-MS.,

CHU THICH 2: Cadimi (xem 1SO 15238) va chl cling ¢6 thé xac dinh bing GFAAS.
6.4.2 Nuclit phéng x3

Nuglit phéng xa cb trong than mdt cdch ty nhidn. Tinh phéng xa cla nguyén t6 nay cé thé do
dwgc bing cdch sir dung phd gama ¢6 &b phan gidi-cao, tham khdo Fardy!'4l. Hoat tinh phdng xa
nay do st phan ra cta 238U, 235U, 232Th, va céc hat nhan con, clng nhu 40K, va 87Rb.

55 Cio

C6 thd xac dinh clo theo nhidu phwong phdp, bao gdm TCVN 5230 (ISO 587)I va
ASTM D 42081, Cac qui trinh ndy ddi héi than phdi dwge dbt va clo sé bj gil lai trong hdn hgp
Eschka ho#ic trong dung dich kiém. Céc phirong phap ndy kém dé nhay va néu xac dinh theo cac
qui trinh ndy @8 IZp lai s& cao. Dung dich nay thu dugc bang phwong phéap nhidt phan (xem 5.8)
cé thd s dyung a4 xéac dinh ¢clo theo phuong phép IC ho#c ICP-AES. Viée sl dung XRF c6 thé |4
phuwrong phap thyre té va chinh xac aé xac dinh triec tidp clo trong than.

CHU THICH: Théng thuérng khong béao céo két qua clo 18 nguyen t& dang vét, ma bao cdo 12 phin tir nhd
va bidu thf bAng phin tram.

5.6 Flo

Ap dung TCVN 7987 (1ISO11724)1 @& xéac dinh flo. Phuong phap ndy Ia qui trinh nhiét phan/ISE
hodc nhiét phan/IC. C6 thd s dung qui trinh nay d& x4c dinh tro than. Khoa hoc d4 chirng minh
rang céc phrrong phép dyra trén sy phan hily cla than ciing vé&i qui trinh ¢t bing bom oxy cé thé
cho cdc két qua thip.

§.7 Thiy ngan

Ap dung TCVN 7984 (1S015237)!% 84 xac dinh thiy ngan. Trong qui trinh nay than dugc dét trong
bom oxy va thily ngan gidi phéng dugc hdp thy trong dung dich axit nitric lo&ing. C6 rét nhidu qui
trinh hign hanh khéc, chinh xé&c a8 x4c dinh thiy ngan. C6 thd x Iy than véi céc axit, hodic abt trong
binh 4p lic trong 16 vi séng, hodic trong binh kin trong bd nwéc dugce gia nhidt, hodc bing cach cho
hdi lt!u véi hdn hop céc axit nitric va axit sulfuric, (xem ASTM D 6414)'), Cling ¢6 ‘cac phuwong phap
do bang thiét b, trong d6 than dwgc dbt chay va thly ngan gidi phéng dugce hép phy vao bd thu bing
vang. Sau dé thly ngan dugc gidi phdng blng nhiét va dugce cd dic (xem ASTM D 6722)012,
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6 Sir dyng miu chudn dwec chirzng nhin

Vige str dung cac miu chudnm dugce chirng nhan (CRMs) phli hep 14 d3c biét quan trong khi kidm
tra tinh chinh xéc clia cédc phuwong phap dé xac dinh céc nguyén td dang vét cé trong than, (xem
TCVN 8056 (ISO Guide 33). CRMs cho than 12 s8n ¢6 va y&u cdu phai d3m bdo rdng khéng bj thit
thoat c4c chit phan tich-treng qua trinh tro héa theo bit ky phwong phép ndo. C6 thd st dung
CRMs cho tro than déi véi cac phurong phap ndy va yéu clu vidc tro héa than 12 mét phdn clia qui
trinh.

BAt budc phal kidm tra xac nhan phuong phap 63 chon dé xac dinh cdc nguyén tb dang vét, ddm
bdo bing cach sir dung céc qui trinh tal TCVN 6910 (ISO 5725) (t4t cd ¢4c phin) va viée kiém tra
xé&c nhan phwrong phép duwoc 14p thanh vén bén,

Khuyén nghj 1a CRM du¢c phén tich cho tirng loat m3u va két qua cla phép phén tich ndy dugc
~ béo cdo trong bdo céo thir nghidm, cung vé&i cac gia tri dwec chirng nhn hodc khuyén nghi.

7 Tinh két qua

Ham lwgng clia nguydn t& X, Cx, man xne, bidu thi bdng miligam trén kilogam than & trang thai khd,
trong d6 chét phan tich @& xac dinh khéng bao gbm qua trinh tro hda miu, tinh theo Céng thire (1):

100
nee = C . . 1
Cx, than kho X, than ad xlﬁp-—-Md ( )
trong 46
Mg 14 ham legng 4m cla than khd-khéng khi, tinh bing phan tram;

Cx.mans¢ 13 ham lgng cla nguyén té X trong than & trang thai khd-khdng khi, tinh bing
millgam trén kilogam.

Tinh Cx, men a¢ 881 v&i than & trang thai khd-khdng khi, khi m3u @& duoc tro hda truée khi xéc dinh
chét phén tich theo ¢dng thirc (2):

Cx, thansd = Cx, tro X—;%g— (2)

trong 46
Cx, w0 12 ham Iugng cla nguyén td X, tinh bAng miligam trén kilogam tro;
Agoo 12 lirgng tro tai S00 °C.

8_D§ nhay

T4t ca cac phwong phép sl dung dé xdc dinh cac nguyén té dang vét trong than phai ¢4 @6 nhay
nhir nhau @& phat hidn cac mirc ham lrgng trong than. Dai ham lugng didn hinh clia cdc nguyén
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té dang vét trong than thuong phim dugc néu tel Bang 1. Cac gidl han phét hign va dd chum yéu
cAu clia cac phuong phép ndy ¢ling dugc ndu trong bang.

Bang 1 - Ddi ham lwgng clia cic nguyédn t§ dang vét trong than thwong phdm
va céc gléd han phét hign va 4§ chym ydu clu aéi véi phép phén tich

Nguyénté | Dal ham.lwgng®® Giéi han phét hign yéu clu, 6 chym yéu.cdu?
mg/kg® mga/kg® mglkg®

As 0,5 gén 5,0 0,1 0,1
B . 5 aén 400 5 5
Be 0,1 @én 20 0,1 0,1
Cd 0,05 3én 0,090 0,01 0,005
cre <0,01 34n 0,2 % 0.01% 0,01 %
Co 0,5 ¢én 30 1 1
Cr 0,5 8én 60 1 1
Cu 0,5 4én 50 1 1

F 20 @én 500 50 10
Hg 0,01 @én 1,0 0,01 0,005
Mn 5 aén 300 1 1
Mo 0,1 @én 10 1 0.1
Ni 0,5 dén 50 1 1
Pb 2 @én 80 1 1
Sb 0,1 aén 10 0,1 0.1
Se 0,2 dén 10 0,1 0,1
Th 0,5 aén 10 0.1 0,1
Tl 0,1 @én 10 0.1 0.1
u 0,5 dén 10 0,1 0,1
v 2 @én 100 1 1
2n 5 @én 300 1 1

* Theo Swainel'®],
b C4c dai chi hidn thi.

* B&o céo clo theo phln trém.

¢ Trir tnedng hop hidn thj theo phan tram.
499 chym yéu cdu dwgc hidn thi hodic 10 % trong dbi (14y gid trj I&n hon).

10




9 Béo cao két qua
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Céc két qua dugc bdo cdo dén céc sb thap phan nhu néu tai Bang 2. Béo cédo ky hidu céc nguyén
té dang vét theo bang thlr ty chlr céi, trir truwding hop clo, nguyén té nay thwdng khong duge béo

céo 12 nguyén t8 dang vét.

Bing 2 - Béo céo két qua

Nguyén t§ Dl hiam legng, mg/kg* Béo céo, chinh xéc dén mg/kg®
As, Sb, Se 0,1 dén 10 0,1
B 5 68n 50 5
>50 10 % tuong abi
Be 0,1dén 10,0 0,1
Cd, Hg 0,01 d8n 0,10 0,01
Cl 0,01 % d4n 0,15 % 0,01 %
F <100 1
100 < Cr < 500 5
Co, Cr, Cu, Mn, Ni, TI, Zn 1d8n 10 0,1
>10 10 % twong déi
Pb 45d8n 8,5 0.1
Th, U 0,17dén 10 0,1

= Trir trirérng herp hidn thi theo phan tram
b Trir treérng hop hidn thi theo cach khac

10 B chym

Do chym cuia phép do duwgc néu tai Bang 1.

11 Baéo céo thr nghigm

Béo c4o thr nghiém gbm cac ndi dung sau:

‘a) nhan dang ddy au vé miu thy;

b) vién din phwong phép st dyng;

¢) ham lrgng cla tizng nguyén td trong than, bidu th| b&ng miligam trén kilogam;

d)_ trang théi aé bao cdo, vi dy: khd-khéng khi;

e) ham lvong 4m & trang théi khd-khdng khi cda than.

11
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Phy lyc A
(tham kh&o)

So a4 phén tich cdc nguyén té dang vét

Borat nung chidy
Vidy:AS 1038.14.1

Miu phan tieh
¢l hgt nhéd hon 212 pm
Gan ey vorg Tl iR g o
phéng thi¥ nghiém (SO 11722)
Chudn b| tro*
sl 14 500 °C
[
Phantichthan [~~~ "~ °7°7T ‘: Phin tich tro
H
1
1
13
1
i
As, Sb, Se TCVN 7986 (ISO 11723) i
B AS 1038.10.3 1
Cl TCVN 5230 (I1SO 587)
F TCVN 7887 (130 11724)
Hg TCVN 7884 (IS0 15237)
Héa tan trong &
ndn hep
GFAAS ICP-MS? ICP-AES
Cd, Pb As, Be, B, Cd, Cr, - Be, Cr, Co, Cu,
Co. Cu, Pb, Mn, Mo, Mn, Mo, Ni, V. Zn
NI, Sb, TV, Zn, Th,U

ICP-MS?
Be, Cr, Co, Cy,
Mn, Mo, Ni, V. Zn

* N&u phan tich tro cia miu-nhd, xac dinh phdn trém tro d& cé thé tinh céc két qud & céc trang thai

cla than.

b Cé thd s dung dung djch pha lodng nhén dugc bing cach nung chdy borat déi véi phép do bang
ICP-MS ndu ¢4 nhay nhén dugc bing hogic tét hon 49 nhay néu tai Bang 1.

¢ So @b phén tich bidu thi bdng dudng At nét thd hién 1a hda tan than bang axit hdn hgp. Day 1a phuong
phap khic a4 tro hda than treede khi hda tan,

CHU THICH: B¢ chinh xéc cia céc qui trinh a3 ndu cé thd dam bao blng cach phan tich CRMs thich hgp.

12

Hinh A.1 - So @8 phén tich cic nguyédn t& dang vét
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Phylyc B
(tham khao)
Ciéc quy trinh khac hoa tan than

Céc qui trinh néu tai cic tiéu chuén khéc va céc tal lidu khoa hoc (xem thye myc tham khado) cé thé
slr dyng @8 nung cd than va tro than dé chuén b| cac dung dich st dung cho phép xac dinh céc
nguyén té dang vét bdng nhidu phuong phép k§ thuat phan tich khéc nhau nhu ICP-AES va
ICP-MS.

HAu hét cac qui trinh @du y8u cAu hda tan tro than bdng céch nung chdy hodc v&i hdn hep axit
bao gdm cd axit flohydric. HAu hét cac qui trinh cé thd dwgc sir dyng d& hoa tan than ddu cin
phai slr dyng axit flohydric trong hdn hop axit va clng s dung H202 48 oxy héa cac chét carbon
trong than, vi du: CEN/TS 15297(%. Cé mét qui trinh hda tan than khdng cin sl dyng axit
flohydric I phurong phép clia Wang!'®l,

Sw cin thiét sir dung axit flohydric a8 duge tranh luan rét nhidu. Quan diém v& ndi dung nay (4 tit
cd céc chat phan tich dugc gidi phéng ra tir ndn chit khoang khi khdng cé axit flohydric. Wang'®)
ghi lal rdng tal nhiét @9 va &p sudt cao nhan duoc trong quy trinh sir dung séng micro, khdng cén
s(r dyng axit flohydric.

dng thdi céc wu didm va yéu didm clia cdc phuwrong phdp dya trén co s& hda tan than cling d&
duec tranh ludn, va cac phwong phép a6 yéu clu cin tro hba than truéc khi hda tan tro.

C6 mét vai wu didm khi hda tan than tryc tiép trong axit 48 thu dugc céc dung dich, trong dé céc
chit phan tich ¢é thd xac dinh dugc. VAn @ quan trong & ch 14 lidu cac chét phan tich c6 bj giai
phéng tir céc tap chét carbon cla than trong qué trinh @t cung axit hdn hgp va H20; khdng.
Ngw@ec lai, ¢6 ludn cir cho réing qué trinh tro héa than ¢6 thé din dén nhim tap chét va cling cé
thd thit thoat mdt vai nguydn té dang vét. Sy nhidm tap chit 1 mdi nguy hidm @i véi tht cd cac
qui trinh s dyng @& phan tich cac nguyén té dang vét va mbi nguy hidm nay phai dugc kidm soét.
Cang ¢b thé trong qua trinh tro héa mét val nguyén té dang vét bj thét thoat. Con chic chin 1A céc
nguyén t& dang vét nhw: B, Hg, Se va céc halogen thl bj that thoat (bay hei) trong qué trinh tro
héa. C4c nguyén té dang vét dang quan tam khéc khdng hé bj that thoat trong qua trinh tro hda
fhan tai nhigt €3 b3ng ho3c nhd hon 500 °C.

Trong tiéu chudn nay khéng néu cic phuong phap cy thd. Trach nhiém thudc vé cac nha phan
tich héa phdi sir dyng cdc qui trinh @4 dugc danh gl bing céc phép phan tich CRMs thich hep
(téc 1a than va tro than). R rang khing dinh duwoc Ia tat cd cac budc cla qui trinh chép nhan
khdhg gy ra mbi nguy hidm nhw nhidm tap chét hosic that thoat cdc chét phan tich. Vi dy, néu
cac chét phan tich khéng dwrgc thu hdi tir qua trinh hda tan CRM cla than hodc bj that thoét trong
qué trinh tro héa CRM cula than, thl qui trinh 14 khdng phi hop @8 tién hanh xac dinh cdc chét
phén tich nay.
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Thw muyc tai liéu tham khao

TCVN 5230 (ISO 587), Nhién lidu khoéng rén - Xéc djnh clo ding hdn hop Eschka.

TCVN 11152 (ISO 11722), Solid minersl fuals ~ Hard coal — Datarmination of moisture in the
general analysis test sample by drying in nitrogen (Nhién ligu khoéng rén — Than &4 — Xéc djnh
d6 4m trong mBu phén tich chung bing phuong phép lam khé trong nito).

TCVN 7986 (ISO 11723), Nhién lidu khodng rdn— Xac dinh asen vé selen — Phtrong phép hén
hop Eschka va phat sinh hydrua,

TCVN 7987 (ISO ISO 11724), Nhién ligu khoéng rén — Xéc dinh téng flo trong thah, odc va tro bay.
TCVN 7984 (ISO 15237), Nhién libu khodng rén — X4c dinh t8ng hém fuomig thdy ngén trong than.
TCVN 7985 (ISO 15238), Nhién 1i6u khoéng rén - Xéc dinh t8ng ham lrong cadimi trong than.

AS 1038.10.3 Coal and coke — Analysis and lesting — Determination of lrace elements —
Coasl and coke — Determination of boron content — ICP-AES method (Than va céc — Phan
tich va thi nghiém — Xéc djnh céc nguyén t68 dang vét - Than va céc — Xéc dinh ham luong
bo — Phuwong phép ICP-AES).

AS 1038.14.1, Coal and coke — Analysis and testing ~ Delermination of trace elements ~
Coal and coke — Determination of boron content — ICP-AES method (Than vé céc ~ Phén
tich va thtr nghiém — Xdc djnh céc nguyén t8 dang vét — Than va cbc — X4c dinh ham lrong
bo - Phurong phép ICP-AES).

ASTM D 4208, Slandard test method for total chiorine in coal by the oxygen bomb
combustion/ion selective electrode method (Phuong phép xéc dinh tdng clo trong than
béng phuong phép dbt trong bom oxy/phuong phép dién cue chon loc ion).

ASTM D 6357-00a, Test methods for determination of trace elements in coal, coke &
combustion residues from coel utilization processes by inductively coupled plasma atomic
emission, inductively coupled plasma mass, & graphite furnace atomic absoption spec
(Phuong phép xéc dinh céc nguyén té dang véi trong than, cbe va cédn dbt tr céc quy trinh,
sir dung bdng phuong phép ph8 hép thy phét xa nguyén tir plasma c8p cam img, ph8 khéi
plasma c&p cdm (ng va phd hdp thy nguyén tir 10 graphit).

ASTM D 8414-01, Standard test method for total mercury in coal and coal combustion
residues by acid extraction or wet oxidation/cold vapour atomic absoption (Phuwong phép
xéc dinh téng thdy ngén trong than vé cdn dt than béng chibt xubt béng axit hodc hdp thy
nguyén tir hoi lanh/oxy héa wot),

ASTM D 6722-01, Standard test maethod for total mercury in coal and coal combustion
residues by direct combustion analysis (Phwrong phép xéc dinh t8ng thdy ngén trong then
vé céin dt than béng phép phén tich dét tryc tiép).

CEN/TS 15297, Soild mineral fusls — Determination of minor elements (Nhién lidu khodng rén -
Xéc dinh céc nguyén t6 phy).

Fardy J.J. McORIST, G.C. and FARRAR, Y.J. The analysis of coal and flyash for trace
elements and natural radjoactivity, Proceedings Australian Coal Science Conference,



[15)

[16]
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Churchili, 3 to 5 December 1984, pp.159 to 160 (Fardy J.J. MCORIST, G.C. and FARRAR,
Y.J. Phuong phép phén‘ﬂch than va tro bay xéc dinh céc nguyén té dang vét va phéng xa tr
nhién, Trich tir H8i nghj Khoa hoc cta Uc vé Than, Churchill, 3-5/12/1984, trang 159-160)
Swaine, D.J. Trace elements in coal. Butterworths, London, 1990 (Nguyén té deng vét
trong than). ,

Wang, J., NAKAZATO, T., SAKANISHI, K., YAMADA, O., TAO, H. and SAITO, I. Microwave
digestion with HNQs/H,0; mixture at high temparatures for determination of trace elements
in coal by ICP-OES and ICP-MS, Analytica Chimica Acta, 514(1), 2004, pp. 115 to 124
(Wang, J., NAKAZATO, T., SAKANISHI, K., YAMADA, O., TAO, H. va S;ﬂu'TO, 1. Nung béng
10 vi séng v6&i hdn hop HNOYH;O; tai nhidt df cao d8 xdc dinh céc nguyén té dang vét
trong than béng phuong phép ICP-OES va ICP-MS, Analytica Chimica Acta, 514(1), 2004,
trang 115-124).
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