TAP CHi PHAT TRIEN KH&CN, TAP 18, SO T3 - 2015

Piéu ché vat liéu cat pha vang *ng dung
trong phan tich thuy ngan

e Triéu Quéc An

¢ Lé Thi Huynh Mai

e Nguyén Thanh Nho
e Nguyén Van Déng

Trwdng Dai hoc Khoa hoc Ty nhién, BPHQG-HCM

(Bai nhgn ngayl12 thang 12 nam 2014, nhén dang ngay 12 thang 08 nam 2015)

TOM TAT

Trong nghién ctu nay, cat phd vang
duoc diéu ché lam vét liéu tich gép cho phéan
tich siéu vét Hg. Cat duoc xtr ly bé mét béng
hén hop H204/H.SO4 sau dé duwgc amine hoa
bdng aminopropyltriethylsilane. Bé mét vat
liéu nay duwoc phu vang qua 2 giai doan (i) tao
méam Au trong dung dich nano vang va (ii) phd
vang trong dung dich Au(lll) + NH,OH.HCI.
Vét ligu cat phua vang cho phép lwu gitr 21 ug
Hg/1 g vét liéu. Cac yéu té6 anh hudng dén

hiéu ndng bét gitv vang cua vat liéu nhw
HNO3, HCI, H2SO4, va nhiét dé6 da duwoc
nghién ciu. Kha ndng tng dung cua bay cat
phd vang trong phan tich thdy ngén da dwoc
thdm dinh bang mau chuédn mé cé duoc
chieng nhdn DORM-4 str dung phwong phap
CV-AAS va ap dung dé phan tich mot sé méu
bun 1&ng bang phuong phap dot/nhiét phan
két hop véi dau do quang phé hdp thu nguyén
ter.

T khéa: Gold coated sand, Cold Vapour Atomic Absorption Spectrometry, Gold

Amalgamation.
MG PAU

Qu4 trinh quan tric thiy ngan trong moi
trueong duge dac biét Iuu tAm vi doc tinh cua thuy
ngan va kha ning tich liy sinh hoc trong chudi
thirc an véi hé s tich trong thiy quyén tir nuéc
dén nhitng sinh vat an thit 1én dén 10°. C4 la mot
trong nhitng thuc phiam chinh cia con ngudi
nhung ciing chtra nhiéu thily ngan voi ham luong
vao khoang ppm va trén 95 % ton tai dudi dang
MeHg - hop chat thity ngan c6 doc tinh cao nhat
trong cac nguyén dang thuy ngan. Tuy nhién, ham
luong thity ngéan trong cac mau maéi trudng (nudc,
dat, bun lang, trAm tich, khong khi) thuong rat
thap, vao khoang ppt-ppb. Vi thé, hién nay céc k§
thuat 1am giau mau, phan tach nén miu két hop

Vi cac dau do quang phd nhu AAS, AFS, va ICP-
MS la nhitng lwa chon wu tién cho viéc phan tich
thuy ngén.

Déi v6i mau nude, dat, bun lang, tram tich va
khong khi, quy trinh x4c dinh tong thay ngan trong
cac dbi twong mau nay doi hoi cac budc sau:
chuyén tit ca cac hop chat cua thay ngan thanh
Hg?* va pha huy nén mau nho tinh oxy héa manh
cua hdn hop cac acid hodc cac chat cé tinh oxy
hoéa, sau do st dung k¥ thuat hoa hoi lanh (CV-
Cold Vapour) trong d6 Hg?* dugc chuyén thanh
Hg® nhd céc chat khir nhu SnCl, hodc NaBHg, hoi
Hg? duoc tich gop trong cac “bay” chira cac kim
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loai quy nhu vang hoic bac va cudi cling bay nay
dugc gia nhiét dé giai hip hoi Hg? dén dau do.

Déi vai mau khi, qué trinh ¢6 lap va 1am giau
thity ngén duoc tién hanh théng qua cic phuong
phap nhu: (i) str dung céc dung dich hip thu chta
c4c chat co tinh oxy héa va kha ning tao phtrc nhur:
KMnO4/H.S04[1], KI/I2[5], hoic Icl [8]... nhung
nhuoc diém chinh cua ky thuat nay 1a dung dich
hap thu chtra nhiéu héa chat khac nhau va tir do
gay nhiém ban mau:; (i) st dung cac chat hap phu
ran nhu: Carbonsieve B [11], Hopcalite [9], MnO,
[6], mang loc cellulose dugc tim Kl/I,, Cul, Se
hoic CdS [2] va than hoat tinh [10], nhung k§
thuat nay ciing gap mot s han ché nhu: dung
lwong giam vi qua trinh hap phu khang chon loc
c4c tap chat trong nén mau khi va sy giai hip nhiét
thity ngan ra khoi chat hip phu dién ra khéng hoan
toan; (iii) s dung cac “bay” chira vang, bach kim
hoic bac duéi dang ludi, bong, hat hoic soi dé bat
giit thuy ngan theo co ché tao hdn héng.

“Biy” vang d4 va dang duoc sir dung rong réi
trong phan tich thily ngan. Tuy nhién, xuat phat tir
nhu cau tim vat liéu thay thé c6 hiéu nang bét giir
thity ngan cao hon nhung giam thiéu lwong vang
nguyén chit sir dung, gia thanh diéu ché va don
gian hoéa quy trinh, myc tiéu caa nghién ciu nay
hudng téi viée didu ché vat liéu cat phu vang dua
trén qua trinh khtr hda hoc Au(ll1) thanh Au, cac
hat vang sau d6 duoc gén trén bé mat cat d dwoc
bién tinh. Nghién ciru tap trung vao quy trinh xir
Iy, bién tinh bé miat, danh gi4 hiéu ning cua bay
c4t phu vang duoc didu ché va tng dung dé phan
tich thuy ngan trong mau dit bang phuong phap
nhiét phan.

VAT LIEU VA PHUONG PHAP NGHIEN
CcUU
Héa chit va thude thir

Tat ca dung dich dwgc chuan bi trong nuée
khang ion (18 MQ.cm). Dung dich HAUCI, 1000

mg Lt (Merck), NH,OH.HCI (Trung Qudc),
trisodium citrate (Trung Quéc), SnCl, (Trung
Quéc), NaOH (Merck), HCI 37 % (Merck), H,SO4
98 % (Merck), HNOs 65 % (Merck), H.O, 30 %
(Merck), methanol (Merck), isobutanol (Sigma
Aldrich), (3-aminopropyl)triethoxysilane
(APTES, 99 %, Sigma Aldrich), cat bién duoc lay
tir thanh phé Nha Trang, tinh Khanh Hoa c6 kich
thudc tir 300 + 500 pum (sau khi ray).

Thiét bi

May AAS ngon ltra (Shimadzu 6300), dén
HCI Hg, Au. Hé thng hoa hoi lanh, tao hdn héng
két hop v6i méay AAS (CV-Amalgamation-AAS)
tu thiét ké tai phong thi nghiém voi céc théng sé
van hanh nhu sau: cudng dd dén: 6 mA, buéc song
do: 253,7 nm, bé rong khe do: 0,7 nm, thoi gian
ldy tin hiéu: 25 gidy, téc do khi Argon: 200 mL
phat™, thoi gian suc mau: 4 phat, thoi gian gia
nhiét by cat phii vang: 25 giay, bay dugc gia nhiét
dén 250 °C dé giai hip Hg® dén cell do; éng thach
anh (duong kinh trong: 3 mm, chiéu dai: 125 mm),
ta say (Memmert), 16 nung (Nabertherm), méay pH
(Schott), éng ly tam PE 50 mL (Isolab); cac dung
cu thiy tinh nhu: vial 40 mL, pipette, beaker, ong
dong, micropipette. ..
Xir 1y va bién tinh bé m3t cat

Qua trinh xir ly va bién tinh bé mat cat dwoc
tién hanh qua 3 budc: (i) 1am sach bé mat cét; (ii)
silanol héa bé mat cat bang dung dich piranha (hon
hop H2SO, dam dic va H,O, 30 % 7:3,v:v); bién
tinh b& mat cat bang tac nhan silane hda APTES
dé gan cac nhom chirc —~NH,. Quy trinh cu thé nhu
sau: cat duge danh siéu am 30 phat 1an luot voi
cac dung dich acetone, MeOH, MeOH:HCI (1:1,
v:v), H2SO4 dam dic, sau d6 rira sach bang nudc
cat va isobutanol rdi sy kho. Cét tiép tuc duoc
ngam 1 gio trong dung dich H,SO4:H,0; (7:3, v:v)
& 70 °C. Cubi cing, cat dwoc ngam trong dung
dich APTES 10 % (trong MeOH) trong 16 gio. Cét
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sau d6 duoc rira sach bang nuéc cat va dugc sir
dung trong cac qué trinh tiép theo.

Piéu ché dung dich vang nano

L4y 10 mL dung dich HAuCl; 1000 mg L
vao binh Teflon. Tiép tuc thém 100 mL nuéc cat
2 lan, 1 mL dung dich trisodium citrate 1 %. Sau
1 phat, thém 1 mL NaBH,4 0,11 % trong trisodium
citrate 1 %, lic déu va dé yén. Bao quan ¢ 4 °C.

QUué trinh phi vang 1&n bé mit cat

Quy trinh 1 (QT1): Thém ~ 5g cat vao 20 mL
dung dich HAuCI,; 1000 mg L, chinh pH dén
khoang 7.5 + 8, thém that nhanh 5 mL
NH,OH.HCI 0,22 M, lic manh trong 25 phut. Rira
sach vai nuéc cit, nung & 260 °C trong 4 gid [7].

Quy trinh 2 (QT2): Cat da dwoc xir ly va bién
tinh bé mit dwoc ngam trong dung dich vang nano
dé cac hat nano vang tu hap phu I&n bé mat cét.
Sau 6 gio, qué trinh khir héa hoc Au(III) dé tao lop
vang day hon trén bé mat cat dwoc tién hanh bang
cach thém ~ 5g cat dd dugc phu nano vang vao 20
mL dung dich HAuCl, 1000 mg L%, chinh pH dén
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khoang 7,5 + 8, thém that nhanh 5 mL
NH,OH.HCI 0,22 M, lic manh trong 25 pht.

Rura sach véi nudc cat, nung ¢ 260 °C trong 4h.

Xdc dinh ham lugng vang pha trén cat

Can 0,2 g mau cat phu vang, thém 0,5 mL
HNO3 dam dic, 1,5 mL HC1 dam dic cho vao 6ng
thay tinh ¢6 nép dung tich 10 mL, nung mau trong
3 gio ¢ 150 °C. Chuyén toan b phan dung dich
vao binh dinh mire, thém nudc cat hai lan dén 25
mL. Ham lugng Au duoc xac dinh bang phwong
phap F-AAS lam co s¢ dé xac dinh luong vang
phu dugc trén bé mat cat.
Panh gia hiéu ning clia biy cat phi vang

Tién hanh khao sat dung luong vat ligu cat
phu vang dua trén viéc lip ghép hé thong nhu Hinh
1. Biy thtr nhat ¢6 chirc nang bat giir lwong thuy
ngan théi qua hé mdi lan (khéng gia nhiét trong
quéa trinh khao sat dung luong). Biy tha hai co
chuc nang xac dinh sy that thoat va thoi diém ma
vat liéu trong bay thir nhat khong con kha nang bét
gitt hoi Hg?

Bay 2

u

Hinh 1. So @ hé théng kiém tra dung lwong by cat phu vang

Hinh 2. Ong thach anh nhdi cat phi vang
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Sau khi lap dat hé thong nhur trén, timg luong
thity ngén (100 ng) dugc 16i cudn qua hé, gia nhiét
giai hap bay thu hai. Néu tin hiéu Hg khong xuat
hién, tiép tuc 16i cudn mot lwong HgP khac dén bay
1 cho dén khi gia nhiét bay 2 ma thay tin hiéu Hg
Xuét hién thi dung qua trinh khao sat dung luong.
Dinh luong lwong thily ngan thoét ra & bay thi hai
sau d6 tinh toan nguoc lai dung lwong by thi nhét
va quy vé dung luong thuy ngan hap phutrén 1 g
cét pha vang.

Anh hwéng cia acid dén hiéu ning biy vang

Khir 10 ng Hg?* trong 25 mL acid tai cac
nong do khac nhau (1 M, 2 M, 3 M) va 16i cudn
hoi Hg dén dng thach anh chira cat phi vang trong
4 pht, thoi kho by cat phu vang trong 1 phat sau
d6 gia nhiét giai hip ghi nhan tin hiéu. Tai mdi
ndng d6 tién hanh lap lai thi nghiém 3 lan dé khao
sat anh huong.

Khao sat khoang tuyén tinh ciia dwong chuin

Khoang tuyén tinh cua duong chuan trong
phuong phap hoéa hoi lanh (CV-Amalgamation-
AAS) duoc tién hanh bang cach thém timg lugng
tang dan dung dich Hg?* 50 mg L™ trong mdi lan
do vao trong binh phan ung, thém 1 mL dung dich
SnCl, 10 % va 16i cudn hoi Hg® dén bay cat phu
vang. Sau 5 phat, gia nhiét bay céat phu vang dé
giai hip hoi Hg? dén cell do va ghi nhan tin hiéu
trén thiét bi quang phé hap thu nguyeén tir.

KET QUA VA THAO LUAN
Anh hwéng ciia pH dén qua trinh phi vang

Trong qué trinh pha vang lén bé mat cat, yéu té

pH anh huong khéng nho dén qua trinh khir
Au(lll) v& Au(0). Khi pH <7 thi dang ton tai
[AuCl,] bén va NaBH, phan huy sinh hydrogen
nén vira tbn mot luong l6n chat khir ma nano vang
tao ra xop, khong 6n dinh. Trong khi pH>8, dung
dich nano vang khéng bén, qué trinh hinh thanh va
két hop cac hat nano vang véi nhau tao thanh
mang dién ra rat nhanh nén céc hat nano vang
khéng thé phu 1én bé mat cét [7].

Trong thi nghiém nay, pH cua dung dich
[AuCly] duoc thay ddi tir 6,5 + 10 bang cach liy
20 mL dung dich HAuCl, 1000 mg L vao éng
thily tinh 40 mL chira 2,5 g cat sau khi xir Ii bé
mat, dung dung dich NaOH 7 M va NaOH 1 %
chinh lai pH dung dich dén cac gia tri can khao sat.
Quy trinh phua vang 1én bé mit cat duoc tién hanh
theo quy trinh 1 dé danh gi4 anh huong cua pH
trong qua trinh phu vang 1én bé mat cat. Két qua
trong Bang 1 cho thiy dung lwong hap phu thuy
ngan ti & thuan ham luong vang trén bé mat cat.
Khoang pH thich hgp cho qua trinh phu vang 1én
bé mat cat latr 7,8 + 8.

Bang 1. Luong thily ngan hap phu va luong vang phi trén bé mat cét (tinh trén 1 g cat)

pH Dung lwong hap phu (ng Hg) Lwong Au phii trén bé miit (ug)
6,27 600 1194
7,31 618 1102
7,77 1337 1722
8,06 1367 1730
8,28 1253 1752
10,28 1004 1096
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pH7.38 pH73

pH 853

Hinh 3. MAu cat phi vang tai pH 7,38; 7,8 va 8,53

Vai trd ciia qua trinh bién tinh bé mit, tim
nano

Vén dé dat ra sau khi khao sat anh huong cua
pH 1én qua trinh diéu ché 1a 1am sao c6 thé phu
vang déu hon, nhiéu hon 1én bé mit cat, khic phuc
hién tuong vang két tu v6i nhau sau khi khir. Dua
trén céc tai liéu nghién cau phu vang lén bé mat
thay tinh [4] trong d6 str dung chét bién tinh bé
mat (APTMS), ching toi khao st qua trinh bién
tinh bé mat cat voi APTES (Hinh 4) véi vai tro

tuong ty nhu APTMS. Thyc hién qué trinh pha
vang Ién bé mit cat theo quy trinh 2 (mo phong &
Hinh 5), va tién hanh kiém tra dung luong ciia mau
ciing nhu xac dinh lugng vang phi trén bé mat cét.
Két qua cho thay kha ning bat giir HgP cai thién
dang ké, trong d6 dung lwong hap phu tang khoang
15 1an (21080 ng Hg/g cat (QT2) so véi 1367 ng
Hg/g cat (QT1)), va lwong vang phu vang trén bé
mat cat tang khoang 3 lan (4485 pg Au/g cét
(QT2) so véi 1730 pg Au/g cat (QT1)).

Si
HaCHCO~” | ™SOCH:CHs

OCH,CH3

Hinh 4. Cong thac APTES (3 — aminopropyl triethoxysilane)

OH NH,
H NH,
(@) KyCry0,H,80, )ﬂ (© APTES EH: @ o (©)HAUCI/H,0,
. - 2 = -
(b) H,S0,H,0, H ;  AuNPs
H NH,
H NH,

Hinh 5. Quy trinh phu vang Ién cat [4]
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Khoang tuyén tinh ctia dwong chuén trén biy cat phii vang
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Hinh 6. Budng chuén duoc xay ding trén mau cat pha vang (A) va vang nguyén chat (B)

Khoang tuyén tinh ctia dwdng chuan (Hinh 6)
khé& rong dén 70 ng, hé sé goc duong chuan 1én
dén 0,088 (A) cao hon han so véi bay vang nguyén
chat trude day khi khoang tuyén tinh chi dén 50 ng
va c6 hé sb goc 1a khoang 0,054 (B). Gigi han phat
hién cia phuong phap CV-Amalgamation-AAS
dwa trén biy céat phu vang (1,8 ng Hg) ciing thap
hon so véi bdy vang nguyén chat (3,0 ng Hg).
Anh hwéng cta nhiét d§ trong qué trinh tich
g6p thiy ngan

Qua trinh bat giit thuy ngan trén by cat phu
vang thuong tién hanh ¢ nhiét do thuong. Tuy
nhién, néu ung dung phan tich thuy ngan trong
mau khi, hodc trong phuong phap dét/nhiét phan
dé phan tich thay ngan thi nén mau khi hoac cac
san pham chay c6 thé chua cac hop chét hitu co,
céc khi SOy, NOy, halogen va anh hudong dén hiéu
ning bit gitr cua vat liéu [3]. Do do, gia nhiét bay
c4t phu vang trong qua trinh bét gitr thuy ngan la

mét giai phap dé han ché anh huong cia cac hop
chat trén. Theo mot s6 nghién ciru phan tich cac
dang thity ngan trong khi thién nhién, viéc on nhiét
bay 80 °C hoic
200 °C rat can thiét khi trong nén mau chtra cac
hydrocarbon. Dé xac dinh duoc khoang nhiét do
ma hoi Hg van bt giit duoc trén bdy vang ma
khong bi that thoat, ching tdi tién hanh khao sat
tir 80 + 240 °C. Quy trinh tién hanh twong tu nhu
thi nghiém khao sat dung luong nhung hé théng
c6 thém 10 diéu nhiét dé gia nhiét d&én cac gia tri
nhiét d6 khao sét va giir c6 dinh nhiét do bay nay
trong sudt thoi gian thyuc hién. Hé théng bao gom
hai by cat phu vang lién tiép twong tu nhu hé
kiém tra dung lugng nhung bay tht nhat dit trong
16 diéu nhiét, by thir hai dé kiém tra sy that thoét
thity ngan. Tai mdi nhiét d6 tién hanh 1am lap hai
lan.

vang o
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Hinh 7. Anh huong caa nhiét d6 dén kha nang hdp phu thiy ngan cua céat pha vang

Két qua (Hinh 7) cho thay khi tang nhiét do
dén 140 °C thi d6 nhay cua bay cat phu vang bat
dau giam dan. Thuc té, do do nhay cua dau do
AAS khong da cao nén dén nhiét do 220 °C, tin
Hg hiéu & bay thtr 2 (bdy kiém tra su that thoat Hg
tir bay 1, Hinh 1) méi xuét hién.

Anh huéng cua acid trong qué trinh tich gop
thay ngén

Trong qua trinh xu Ii miu dé xac dinh thuy
ngan trong céc tiéu chuan hién nay, phan tich vién
¢6 thé sir dung cac loai acid khac nhau dé phé huy
mau nhu HCI, HNOs, H2S0,4 hoic HCIO,. Nhitng
acid nay con sot lai sau qua trinh

xtr Iy va déu 1a nhiing acid dé& bay hoi, tir d6 anh
huong dén kha nang hap phu Hg cua by hoic
théng qua viéc canh tranh véi Hg trong qua trinh
hap phu I&n bé mat vat liéu hoic giam hoat tinh
cua bay khi chinh nhiing acid nay hip phu lén bé
mat vat liéu.

Két qua (Hinh 8) cho thiy mirc d6 anh huong
dén kha nang bét giir thiy ngan cua 3 loai acid 1a
khéc nhau, trong d6 cac acid HNO3 va HCI bét dau
gay giam hoat tinh cua bay cat phu vang khi nong
d6 > 2M. Bién phép khic phuc 12 on nhiét bay cét
phu vang trong qua trinh bat gitr tai 120 + 140 °C
dé han ché sy canh tranh hap phu voi Hge trén bé
mat vat liéu (Hinh 9).
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Hinh 9. Vai tro cta nhiét do trong qua trinh loai b6 anh huéng cia HCI va HNO3

Ung dung biy cat phii vang trong phan tich
thiiy ngan

Vit liéu cat phu vang duoc tham dinh khi sir
dung trong phwong phap CV-Amalgamation-AAS
dé xac dinh tong thuy ngan trong nén mau chuén
duoc ching nhan DORM-4, ddy 1a mot loai mau
c& v6i ndng d6 Hg 410 + 55 ppb (355-465 ppb).
Mau dugc xir ly bang lan lwot bing HNOs+H,0;
va hdn hop nudc cuong thity va sau do dugc xac
dinh bang phuong phap CV-Amalgamation - AAS
v6i két qua lan luot 13 457 + 11 ppb va 454 + 7
ppb, nhitng két qua nay déu nam trong khoang cho
phép cua gié tri chitng nhan.

KET LUAN

Trong dé tai nay, chung t6i d4 nghién ctu
thanh cong quy trinh phi vang lén bé mat cat sau
khi tién hanh xir If bién tinh bé mat cat. Quy trinh
dua trén cac phan ang héa hoc théng thwong, cac
budc tong hop vat liéu don gian va khoéng can dén
cé4c thiét bi phirc tap. Qua qué trinh khao sat dung
lugng, va cac yéu té anh huéng, ching toi ciing
nhén thay chat luong vat liéu cat phu vang nay cao
hon nhiéu so vé6i vang nguyén chét. Trong thoi
gian téi, cac nghién ciru trén quy trinh pha cat 1én
vit liéu khac nhu bong thay tinh, than hoat tinh s&
duoc trién khai dé ung trong cong tac ldy mau,
quan trac, xi ly thay ngan trong méi truong, dic
biét tai cac nha may nhiét dién.
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ABSTRACT

In this study, the gold-coated sand was
prepared to make gold-trap for mercury
analysis at ultra-trace levels. The preparation
process was conducted with the etching of
sand surface to form silanol groups using a
mixture of H»0,/H,SO. followed by the
replacement of the silanol groups by amino
groups with aminopropyltriethylsilane. The
amino-modified surface is embedded with Au
atoms by soaking the amino modified sand in
nano gold solution then the Au film is

thickened with a mixture of
Au(ll)+NH,OH.HCI. The gold-coated sand
can capture up to 21 ug Hg per 1 g of sorbent.
The interferences for the efficiency of mercury
sorption such as HNOgj, HCI, H,SO, and
temperatureare were investigated. The gold-
coated sand was successfully applied for
mercury analysis in certified reference
materials (DORM-4) by CV-AAS and
combustion/thermal decompostion methods.
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