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Tém tit

Phuong phap do xac dinh dong thoi mot s tap chat (Cu, As, Se, Ag, Cd, Sn, Te, Pb, Bi)
trong mau antimon c6 do tinh khiét cao biang phwong phap khdi phd plasma cam tng
(ICP-MS) da duoc nghién ciru. Mau dugce hoa tan bang axit HNO;, dung dich cuong
thuy, va hon hop axit HNOg+ HCI + HBr va do truc tiép trén ICP-MS. Anh hudng ciia
nén miu da duoc danh gia. Do thu hdi cac tap chat khi xir Iy miu bang dung dich cuong
thuy va hon hop axit HNO3; + HCI + HBr dat tir 90-98%. D6 léch chuan twong déi nho
hon 10%. Quy trinh d3 dwoc 4p dung dé xac dinh tap chit trong cac miu antimon c6 do
tinh khiét 16n hon 99%, dap ung dugc yéu cau ciia mot sd doanh nghiép xuit khau
antimon trong nuoc.

Tir khod: Tap chdt, antimon, dg tinh khiét cao, ICP-MS

Abstract

A measurement method for simultaneous determination of impurities (Cu, As, Se, Ag,
Cd, Sn, Te, Pb, Bi) in high purity antimony by using inductively coupled plasma mass
spectrometry (ICP-MS) was studied. The samples were dissolved by nitric acid, aqua
regia solution, nitric acid and hidrochloric acid mixed bromic acid then were measured
directly on ICP-MS.The effect of matrix element antiony was evaluated. The recovceries
were 90%-98% when samples were treated by aqua regia solution and HNO;+HCI+HBr.
The relative standard deviations were smaller than 10%. The procedure was applied to
determination of impurities in high purity antimony higher than 99%, meets the
requirements of some domestic antimony export enterprises.
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1. MO DPAU

Hién nay, ddi voi cac qubc gia trén thé giéi nhu My, Anh, Canada, Uc, Nhat va Lién
minh Chau Au thi antimon dugc xem nhu 1a mot kim loai quan trong, mot mat hang chién
lugc c6 gi tri ngang bang hodc cao hon dat hiém. S¢ di antimon duoc coi trong nhu vay vi ¢6
nhitng dic tinh vat 1y — hod hoc v ciing doc déo khién n6 khong thé thiéu trong linh vic quan
su, nang luong va san xudt (gbm s, cac ban cuc ac quy chi)[1]. Nam 2015, antimon dugc liét
vao danh sach rui ro vé khoang san (Co quan khao sat dia chat Anh), va danh sach vat liéu
quan trong ctia Uy ban Chau Au (EC, 2020).

Gia tri thwong mai cta antimon dugc quyét dinh thong qua ham luong Sb ciing nhu
thanh phan tap chat. Theo tiéu chudn xuat khau, cic thong sb tap chat chi yéu dugc kiém soéat
trong antimon kim loai xuét khiu g@)m As, Pb, Se, Fe, Cu, Bi...Trong d6, voi antimon loai 1
(>99,75%Sb), thanh phﬁn tap chét khong qua 0,23%; antimon loai II (>99,65%) thanh phén



tap chét khong qua 0,35%. bé dat duge gia tri kinh té cao nhat khi xuat khau antimon, viéc
kiém soat chit ch& thanh phan tap chit trong san pham cudi ciing 13 rat can thiét.

Dé xac dinh dong thoi thanh phan cac tap chét trong mau antimon c¢6 do tinh khiét cao
cac k¥ thuat phan tich cong cu hién dai nhu ICP-MS, ICP-OES da dugc stir dung [2-6]. V&i vu
diém nhanh, giéi han phat hién thép (c& 10”° g), d6 chon loc cao, trong nghién ciru nay k§
thuat ICP-MS duoc lua chon. B6i véi nén miu Sb cao thi yéu cAu can lua chon phuong phap
xur Iy mau tdi wu duoc dit ra. Quy trinh trao ddi ion st dung nhya Dowex 50WX8 va Chelex-
100 dé tach Sb di duogc bao co [3], tuy nhién chi mot sd nguyén t6 duoc xac dinh va qua
trinh xr 1y mAu mat nhiéu thoi gian. Ngoai ra, Sb c¢6 thé duoc loai ra khoi nén méiu bang
phuong phap bay hoi véi sy c6 mit ciia H,SO, va HBr [4], hodic hon hop nude cudng thuy st
dung by Sb 13 axit H,SO, va khi mang N [4]. Trong d6, hiéu suit tich Sb bang trao doi ion
va bay hoi déu dat 98-99%, tuy nhién, qua trinh tach pha hoi v6i uu diém don gian, tiét kiém
thoi gian va sir dung it thude thir hon k¥ thuat tach trao doi ion.

V61 muc dich phuc vu cac doanh nghiép trong nudc san xuét antimon xut khau, trong
khuon khé thyc hién nghién ctru ndy, ching t6i tap trung nghién ctru Iya chon quy trinh xir 1y
mau va 4p dung phan tich thanh phan tap chat trong cac mau antimon kim loai ¢6 d6 tinh
khiét cao bang ICP-MS.

2. NOI DUNG
2.1. Po6i twong va phwong phap nghién ciru
2.1.1. Poéi twong nghién ciru

Mau antimon kim loai v&i thanh phan Sb 16n hon 99%. Cac tap chat dugc danh gia
gdém: Cu, As, Se, Ag, Cd, Sn, Te, Pb, Bi.
2.1.2. Phuong phap nghién ciru

Trong béo cdo chung toi st dung phuong phap nghién ctru tai liéu két hop thuc
nghiém trén thiét bi Agilent 8900 Triple Quadrupole ICP-MS (USA) tai Vién Cong nghé xa
hiém.
2.1.3. Hod chat va dung cu

Axit HNO; 65% (d = 1,51 g.cm™, PA, Merck), axit HCI 37% (d= 1,45 g.cm™, PA,
Merck), axit HBr 47% (d=1,49 g.cm™), nu6c cit tinh khiét (khu ion) 18,2 MQ.cm-1.
Dung dich chuin da nguyén t6 10mg/L (Inorganic venture, USA), dung dich chuan Te
1000mg/L (Merck, Ptic). Cac dung cu thuy tinh (binh dinh muc, cdc) duge ngdm ria
trong dung dich HNO3; 10% trong 24h va rung siéu am. Dung dich rtra sau khi rung siéu
am duoc xac dinh cac tap chat dé kiém tra do sach cua dung cu.
2.1.4. Thiét bi ICP-MS

Thiét bi Agilent 8900 Triple Quadrupole ICP-MS (USA). Cac diéu kién van hanh
ICP-MS t6i uu duoc tom tit trong Bang 1.

Bang 1. Piéu kién van hanh thiét bj ICP-MS.

Théng so Gia tri Gi6i han cai dit
Cong suat RF 1300 W 500 — 1600W
Cong suat phan xa 1,40 V 0,20 — 3,00 V
Do sau mau 10,0mm 3-28mm
Luu lugng khi mang 2,00 L/phat 0,00 — 2,00 L/phat
Téc do hat mau 0,1 rps 0,0—0,5rps




Thong s6 Gia tri Giéi han cai dit
Nhiét do S/C 2°C -5-20°C
Oxide 1,266 % <0.03
Doubly Charge 1,258 % <0,03
Chat phan tich 83Cu, "As,¥se, 17Ag, Cd, 18sn, 1%5Te, 28ph, 2B,

2.1.5. Quy trinh xir Iy mdu

Cén chinh xac 0,0500 — 0,1000g mau cho vao cdc thuy tinh chiu nhiét dung tich 100ml. Xt 1y
mau theo ba cach sau:

- Xir Iy miu bang axit HNO3

Thém 2 mL axit HNO3 65% (d = 1,51 g.cm™), day kin, dun nhe trén bép dién cho dén
khi miu phan @ng hoan toan. Cé thé bd sung thém 1-2mL axit HNOs; 65% néu dung dich
can. Dé nguoi vé nhiét do phong, tién hanh loc, rira va dinh mac 50 mL bang nudc khir ion.

Mau tring dugc tién hanh 1am song song cting mau thir.
- Xir Iy miu bang hon hop hai axit HNO3 va HCI

Thém 2mL axit HNO; 65% (d = 1,51 g.cm™) va 6mL axit HCI 37% (d= 1,45 g.cm™),
day kin, dun nhe trén bép dién dén khi tan hét mau. Dé ngudi vé nhiét do phong va dinh
mirc 250mL bang nude cat khir ion. Mau tring dugc tién hanh 1am song song cing mau
thu.
- Xt Iy mau bang hdn hop ba axit HNO3, HC1 va HBr

Thém 2mL axit HNO3 65% (d = 1,51 g.cm™) va 6mL axit HCI 37% (d= 1,45 g.cm™),
dun so61 nhe trén bép dién dén gén can, dé ngudi. Thém ImL axit HCI dac va 3mL axit
HBr 47% (d=1,49 g.cm™), gia nhiét nhe dé dudi antimon dén khi can. Thyc hién l3p lai 2
dén 3 1an. Thém 2mL axit HNO3 hoa tan mudi va 6ml axit HCI dic hoa tan cdn con lai.
Gia nhiét nhe dé hoa tan hoan toan. Dé ngudi va dinh mac 250mL béng nude cat khir ion.
Mau tring dugc tién hanh 1am song song cing mau thr.
- Pénh gia anh hudng cia nén mau va do thu hdi quy trinh xir 1y mau : Tién hanh thém cac
tap chat nong d6 100pg/L vao mau thir. X 1y bang ba cach xir Iy mau néu trén.
2.2. KET QUA
2.2.1. Xdy dung dwong chudn xdc dinh cdc tap chat trén ICP-MS

Béng 2. Pudng chuan, hé s6 tuong quan, giéi han phat hién céac tap chat trén ICP-MS

STT Ngfg on Phuwong trinh hdi quy R? DL"(ug/L)
1 Cu y = 55874,13 * x + 39972,19 | 1,0000 0,0600
2 As y = 1437625 * x + 11791,87 | 0,9999 0,0683
3 Se y = 471,05 * x + 316,67 0,9999 0,2573
4 Ag y = 69642,50 * x + 290,00 1,0000 0,0030
5 Cd y = 14357,63 * x + 103,33 0,9996 0,0115
6 Sn y = 41091,94 * x + 3441516 | 1,0000 0,0258




STT Ng:g en Phuong trinh hdi quy R? DL"(ug/L)
7 Te y =2472,82 * x + 300,00 1,0000 0,0437
8 Pb y =64732,67 * x + 721461,24 0,9999 0,2368
9 Bi y =103310,49 * x + 1346,74 1,0000 0,0028
*DL: Gidi han phat hién trén thiét bi ICP-MS
2.2.2. Pdnh gid hiéu qua ciia quy trinh xir Iy mau
Bang 3. Panh gia hiéu qua cac quy trinh xir Iy mau
P thu hoi (%)
STT Nguyén to Xir Iy bing Xir Iy bing Xir Iy bing
HNO; HNO3+HCI HNO3;+HCI+HBr
1 Cu 97,6 99,3 98,5
2 As 92,4 - -
3 Se 70,2 96,1 95,1
4 Ag 82,4 93,2 89,9
5 Cd 95,0 96,2 96,5
6 Sn ] 95,2 ]
7 Te 40,5 95,6 94,3
8 Pb 98,2 99,0 85,6
9 Bi 99,2 99,5 94,3

2.2.3. Két qua phan tich mdu thuc té

Béng 4. Két qua phan tich thanh phan tap chét trong mot sé san pham antimon kim loai

Ham luong
T NguA}/én an - - - - - e
to V1 Mau K01 | Mau K43 | Mau K45 Mau Cl1 Mau K04 RL14.4
1 Cu mMa/kg | 92,15¢1,18 | 212,23+7,79 | 86,12+1,05 | 311,0249,56 | 203,34+2,05 | 242,20+11,68
2 As mMa/kg | 101,2145,26 | 12,35+1,07 | 32,08£0,92 | 19,1242,15 | 30,14+125 22,22+0,20
3 Se ma/kg | 8,06£0,38 | 20,03+1,63 | 4236245 | 3322+061 | 3,85:0,05 1,32+0,05
4 Ag | mg/kg | 148,49+1,09 | 179,30+0,07 | 104,12+524 | 24,08+0,07 | 662,45¢6,52 | 91,19+1,19
5 Cd | mg/kg | 1161001 | 1,81#007 | 1,36£005 | 9,55:0,83 | 5,24+0,08 3,06£0,13
6 Sn Mo/Kg | 58,22+4,35 | 131,67+0,82 | 142,2648,07 | 9,2640,52 8,250,04 4,25+0,05
7 Te % 0,744+0,02 | 0,216+0,02 | 0,215+0,01 | 0,222+0,01 | 0,118+0,01 | 0,177+0,01
8 Pb % 0,062+0,001 | 0,150+0,005 | 0,304+0,02 | 0,282+0,01 | 0,230£0,01 | 0,094+0,05
9 Bi Ma/Kg | 137,28+3,36 | 156,92+0,90 | 194,32+1,25 | 172,77+5,01 | 137,26£1,18 | 112,36%8,66




2.3. THAO LUAN

Phén tich truc tiép cac kim loai c6 thé duoc thuc hién trén thiét bi ICP-MS ddi voi hau
hét cac mau dia chit, sinh hoc. Tuy nhién dbi véi cac san phém kim loai c6 do tinh khiét cao
nhu mau antimon kim loai thi viéc x4c dinh tap chét tré nén kho khan do sau khi hoa tan mau
trong axit dam déc, sau d6 pha lodng s€ lam cho Sb, Sn bi thuy phan. Dé tranh viéc Sb bi thuy
phan, can phai bd sung mot lwong 16n axit tactaric hoac luong axit dung dé hoa tan mau ban
dau nhiéu hon. Viée bd sung luong axit hodc axit tactaric du thira s€ lam tang nen mau va
lwong chét ran hoa tan trong dung dich méu. Su dung tac nhén dé tach Sb ra khoi nén miu sé
gitp 1am giam bét cac nhidu phd va khong phd trong ICP-MS dic biét 1a “hiéu ing nhd™.

Hop chit d& bay hoi ctia Sb 13 SbCls, c6 diém s6i ¢ 283°C. Tuy nhién, axit HCI khong
hoa tan dugc Sb kim loai néu khong bd sung tic nhan oxy hoa nhu axit HNOs. Viée bd sung
axit HNOj3 s& chuyén Sb(III) thanh Sb(V) khéng c6 kha ning bay hoi. Do dé viéc bd sung
HBr, dé Sb bay hoi dudi dang bromit d3 dwogc thyuc hién song song voi viée xtr Iy mau bang
axit HNO3 va dung dich nuéc cuong thuy dé danh gia anh huong ciia Sb khi xac dinh cac tap
chat trong mau.

Do thu hdi thong qua mau thém (spike) cho thdy dbi voi cac nguyén té nhu Pb, Bi déu
dat tir 95-98% véi ca ba quy trinh dé xuét. Ddi véi As khi phan tich trén ICP-MS str dung khi
mang 1a Ar s& xay ra sy tring khdi ArCI* véi vi tri As vi vay khi danh gia ham luong As,
viée xtr Iy mau bang HNOj3 1 t6i wu. Khi xir Iy mau bang hdn hop HNOz+HCI+HBr viéc tach
Sb ra khoi nén mau dat hiéu suat 99%, tuy nhién su c6 mit cta ion Br, s& khién pic BrO," tai
s6 khdi 111 1am anh hudng dén tin hiéu caa Cd [3]. Tuy nhién, qua trinh bay hoi ctia SbBr3 di
lam giam thiéu dang ké luong Br du trong dung dich. Vi vay viéc tdi thiéu hoa lwong HBr
trong qua trinh xur ly mau anh huong khong dang ké dén tin hi¢u ciia Cd.Tuy nhién, do Sn ¢
tinh chét bay hoi trong moé1 truong c6 HBr giong voi Sb nén chung t61 khong xac dinh Sn khi
xtr 1y bang hén hop axit nay. Péi vai viée xtr 1y bang hén hop HNO3 va HCI, nhuoc diém 1a
lwong axit str dung nhidu dé Sb khong bi thily phan do khi Sb bi thiy phan c6 thé kéo theo
mot phan Sn ciing bi thity phan theo.Tai nhiét d6 283°C SbCl; sinh ra s& dat diém soi va bay
hoi mot phan. Do thu hdi cia cac tap chat nghién ciru dat tir 95% cho thiy nén mau Sb cao
anh huong khong dang ké dén viéc xac dinh tap chét. Vi vay, dbi vai tung nhom tap chat khac
nhau thi can lya chon loai tic nhan hoa tan mau phu hgp. Pap Gng yéu cau vé d6 chinh xac va
thoi gian phén tich ctia d6i tac, ching t6i sit dung qua trinh xtr Iy mau bang HNO; dé xac dinh
As, va xir Iy miu bang hai axit HNO3z+HCl dé xac dinh cac tap chat con lai trong cac miu
antimon kim loai ¢6 d¢ tinh khiét 1on hon 99%. Cac dung dich chuan dé xay dung duong
chuén ciing dugc bd sung mot lugng Sb gan gidng véi nén mau.

G161 han phat hién va gioi han dinh luong cua th1§t bi dép tng yéu cau phan tich lugng
vet tap chat trong mau antimon kim loai c6 do tinh khiét 16n hon 99%. Puong chuan cac tap
chét c6 hé sb twong quan R?>0,9999, d¢ thu hi tai diém dau, diém giita va diém cudi duong
chuan dat 90-110%.

Két qua xac dinh thanh phan tap 9hét trong cac mau antimon kim loai c6 ham lugng
Sb>99% cho thay ham luong cac tap chat nhu Te, Pb, Bi va Ag cao hon so vdi cdc tap chat
khac. D€ thu dugc san phdm antimon loai II va loai I thi cac doanh nghiép can phai chon diu
kién san xuat phu hgp dé tach dugc céac tap chat trén ra khéi san pham.

3. KET LUAN

Quy trinh phén tich tap chat trong mau antimon kim loai c6 do tinh khiét cao bang
ICP-MS di duoc nghién ciru va xay dung. Dé danh gia diy du cac tap chét trong mau quy
trinh xir Iy mau bang axit HNO3, va xir Iy mau bang hdn hop hai axit HNO; + HCI da duoc
lra chon. Viéc st dung HBr dé 1am bay hoi Sb s& giam duoc anh hudng cua nén méu tuy
nhién mot sd tap chat c6 cung tinh chit voi Sb khéng duoc xac dinh. Quy trinh di dap ung



duoc yéu cau vé d6 chinh xac, thoi gian phan tich ctia cac doanh nghiép san xuit antimon kim
loai xuét khéu.

Loi cam on: Nhém tac gia xin dwoe giri 10i cam on dén Cong ty ¢6 phdn Bdo Au
(dwong Binh Thudn, P.Tan Quang, Tp. Tuyén Quang) da tin twong va hop tac voi Trung tam
Phan tich va Méi triong — Vién Cong nghé xa hiém trong thoi gian vira qua. P cung cdp san
phdm antimon kim loai va cdc théng tin lién quan cho nhém tdc gia thuce hién bdo cdo nay.
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