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SUMMARY

SIMULTANEOUS DETERMINATION OF HALOGEN (F, Cl, Br) IN SOME
ORE SAMPLES BY USING PYROHYDROLYSIS
AND ION SELECTIVE ELECTRODES

The study on simultaneously quantitative determination of halogen (F, CI, Br) in some
ore samples by using pyrohydrolysis technique followed by ion selective electrode
measurement has been carried out firstly in the Institute for Technology of
Radioactive and Rare Elements (ITRRE). The recovery of all studied halides in a
standard reference material (SRM) QM3 based on bastnesite matrix at 1000°C
reached nearly 99%. The analytical procedure was then applied for the determination
of these above-mentioned halides in Apatite, Boxite, Fluorite and Pyrite samples with
the relatively standard deviation of all measurement existed within 10%. It is thus
capable to employ this new approach for further study of other volatile elements in

several solid samples.

1. DPAT VAN BE ding cac k¥ thuat phan hiy mau voi
Céc nguyén t6 thudc nhom halogen (trir Na,COs va dinh luong bang phuong
Astantini-At 13 nguyén t6 phong xa) co phap sic ky ion [1,2,3] va ICP-MS (dbi

mat trong nhiéu mau quing dia chét voi voi clo va brom) [4]. Halogen trong
cfip ham luong khac nhau, tir vét dén mau dit duoc chiét vao nude va chuin
nhiéu phﬁn tram.[ 1] Pé xac dinh ching, do dién hoa vai detector dién cuc chon
thong thuong phai tach ra khoi nén miu loc.[5] Halogen trong cac mau dia hoa
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sau khi tach khoi nén nhd k§y thuat nhiét
thuy phan véi chat xtc tién V,0s, duogc
dinh luong bang phuong phap kich hoat
notron (clo, brom, iot) va dién hoa dung
dién cuc chon loc (flo) [6].

Cét 16i cudn hoi va nhiét thuy phan 1a
nhirng k¥ thuét chinh duoc dung dé tach
cac halogen ra khoi mau da, khoang,
quang, dat, cat, bun, tram tich, mau sinh
hoc, mau 10ng.[7] Dung cu tach halogen
duoc tao ra trén co s& tinh chit héa hoc
ctia cac hop chét hydro-halogenua (HX)
dé bay hoi ¢ nhiét @6 phong, va cac ion
halogen dé bi tach ra khoi cac hop chit
cua chinh no.[8]

O nudc ta, khoang san co trit lugng 16m
nhu boxit, quang sat, dat hiém, apatit
thuong chira mot luong nhéd cac nguyén
t6 nhom halogen, chu yéu la flo, clo,
brom. Vi¢c nghién ctru dinh luong
chung thuong dugc dat ra khi ché bién,
xtr 1y quang noi trén. Mat khac, quy
trinh cit 16i cudn hoi nudc dé tach loai
cac nguyén t6 nhoém halogen ra khoi
mAau quing khé phtic tap do phai chuyén
dang mau rin sang 16ng. Nam 2012,
thiét bi nhiét thuy phan duoc nhom
nghién cuu tai Trung tdm phan tich,
Vién Cong ngh¢ xa hiém thiét ké theo
so d6 mo phong tir tai liéu tham khao va
dit hang hang san xuat don chiéc dé su
dung nghién ctru tach cac halogen ra
khoi mau ran.[9] Cac nghién ctru trong
cong trinh nay duoc thuc hién bang

thiét bi nhiét thuy phan két hop véi do
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néng d6 cac halogen trong dung dich
nude nhd dién cuc trao doi ion.

2. THUC NGHIEM

2.1. Héa chat, thube thir

Hoa chit, thudc thir str dung cho nghién
ctru 13 loai tinh khiét phan tich. Nudc
cat dung cho thi nghiém 14 loai khir ion.
Céc dung dich chuén ion F, Cl, Br néng
do 1,000 mg/ml do hang Merck, CHLB
Plrc san xuét. Dung dich on dinh luc
ion do hing san xuat dién cuc cung cap.
2.2. Trang thiét bi, dung cu

Thiét bi nhiét thity phan (hinh 1) duoc
dit hang ché tao tai haing HTM REETZ
GmbH  Hochtemperatur-Ofen-CHLB
Ptic dya trén thiét ké ciia nhom nghién
ctru. Ong phan tng duoc ché tao bang
vat liéu Pt-Rh, dat trong 10 hai vung
nhiét, diéu khién theo chuwong trinh gdm
cac giai doan:

+ Gia nhiét tir nhiét d6 phong dén nhiét
d6 can nghién ctru

+ Gitr nhi¢t do cua 10 trong thoi gian
can nghién ctru

+ Giam nhiét d6 10 vé nhiét do phong.
Thiét bi dién cuc chon loc do hang
Oakton san xuét.

Cac dién cuc chon loc F, CI, Br la loai
dién cuc t6 hop gdm

dién cuc do va dién cuc so sanh. Pién
cuc dugc chuan bj theo quy trinh hudng
dan ctia nha san xuét trude khi do.



Hinh 1. Thiét bi nhiét thiiy phdn

(Lo 6ng hai ving nhiét LK 1200-25-350-2)

Céc dung cu can thiét khac cho thuc
nghiém duoc hiéu chuin (cin) trude khi
su dung.

2.3. Tién hanh thwe nghiém

Mau quing (khdi lwong khoang 0,001
dén 0,5 gam, tuy theo ham luong cac
nguyén t6) sau khi nghién min, sy kho,
bao quan trong binh hut 4m & nhiét do
phong, duoc can chinh xac trén can
phan tich Mettler (AS 163) dén 1x10°
gam, chuyén dinh lwgng vao thuyén
mau Pt. Dit thuyén vao long dng phan
mg. Lap binh cu chtra nudce, chét khoa
nbi éng phan tng véi c¢d thach anh,
ddng thoi nhung ngap dau dng thu dung
dich (bang thach anh) vao cbc chira
10ml nudc cat khir ion. Pun nudc &
binh phun hoi nudc, dong thoi bat
chuong trinh nhi¢t phan. Chuong trinh
nhiét d0 va thoi gian gia nhiét tuong
tmg duoc dat trude theo yéu cau nghién
ctru. Can ctr két qua nghién ciru v6i cac
mAau hoa chit tinh khiét, thoi gian nhiét
thuy phan flo hoan toan khoang 30
phut, trong khi nhiét thay phan clo kéo
dai khoang 40 phut. [9] Do do6 trong

140

phan thuyc nghiém nay, ching toi c¢d
dinh thoi gian nghién ctru 13 45 phat dé
dam bao hiéu suat thu hdi khong phu
thudc thoi gian nhiét thay phan.

Sau khi phan trng xong, thu dung dich
miu dé do ndng dd cic ion nhom
halogen bﬁng cac dién cuc chon loc ion
twong ung. Dung dich 6n dinh luc ion
cho clo hay brom la dung dich NaNO;
SM. Dung dich 6n dinh luc ion cho flo
1a dung dich TISAB. Dung dich chuin
chira cac ndng do6 ion halogen khac
nhau tur thz?'lp dén cao duoc chuan bi tir
dung dich chuan gbc 1,000 mg/ml
Dung dudng chuin xac dinh nguyén td,
biéu dién méi lién hé gitra dién thé va
logarit ndng do theo phuong trinh E =
K + SlogC trong d6 E la dién thé tinh
bﬁng mV; K 1a hé sb phu thude nén; S
-59,2 ( theo ly
thuyét cua phuong trinh Nerst).

3. KET QUA NGHIEN CUU VA
THAO LUAN

3.1. Nghién ciru sw phu thudc hiéu

chinh 1a hé sb tga

suit tach F, Cl, Br trong mAu chuén

quing dit hiém theo nhiét d



Mau quing dat hiém SRM QM3 (duogc
ché tao tur tinh quing dat hiém
Basnesite Pong Pao, Viét Nam) da
duoc phan tich tai cdc phong thi nghi¢m
cia Nhat Ban, c6 bang s liéu thanh
phan dugc cong bd (bdo cao cua Tap
doan dau, khi va kim loai qubc gia Nhat
Ban-JOGMEC) duoc sir dung lam mau
chuan so sanh. Mau QM3 duoc st dung
dé nghién ctru sy phu thudc hi€¢u suét
nhiét thay phan flo vao nhiét do nhiét
phan. Can cr thanh phan héa hoc cia
quang bastnesite dang flo-cacbonat dét
hiém, flo trong miu chu yéu ton tai
dang hop chat v6i dat hiém, va bari, bén
canh hop chdt véi canxi va mot sb
nguyén tb khéc.
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Hinh 2. Sy phu thuoc hiéu sudt nhiét
thuy phan vao nhiét do
Hinh 2 biéu dién méi tuwong quan phu
thuoc d6. Tai nhiét do 900°C, higu suét
thu hdi flo khoang 84%, nhung khi
nang nhiét do thém 50°C, d&én 950 °C,
c6 dén 96% flo thodt khoi mau, va tai
1000°C, da thu duoc 98% flo. Tuy
nhién, nang thém 50°C nita, dén muc
1050°C, ham lugng flo trong dung dich
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thu dugc khong tang 1én. Thuc nghi¢m
dd tién hanh lip lai nhiéu lan & muc
nhiét d6 nay, két qua 6n dinh. Do viy,
diéu kién nhiét thay phan flo trong miu
chuin dit hiém QM3 duoc ¢d dinh &
mirc nhiét 36 1000°C.

Vi cac thi nghiém khao sat hi¢u suét
tach clo va brom tir mau QM3, diéu
kién thuc nghi¢ém hoan toan tuong tu,
nhung luong can ciia mau khoang 0,1
gam (chinh xac dén 1x10°gam). Két
qua thyc nghiém chi ra r?mg dé dat duoc
hiéu suit tach clo cao, dat dén khoang
98%, nhiét do can thiét dt cho hé thiét
bi 1am viéc 1a 1050°C, con diéu kién
nhiét thuy phin brom twong tu nhu d6i
voi flo.

3.2. Nghién ctru anh huwéng ciia chat
xtic tién phan tng V,0s dén hiéu suit
nhiét thay phan F, Cl, Br

Vai trd cta chat xuc tién (accelerator)
trong phan Ung nhiét thuy phan la tao
tac nhan trung gian v&i cic nguyén td
halogen [10], lam gidm nhi¢t dO nhiét
thity phan va cho hiéu suit thu hdi cao.
Dua vao két qua nghién ctru trude day
[8,9], V205 dugc chon cho nghién ctru
nay. Mau QM3 sau khi cin vao thuyén
Pt dugc tron voi mét lwgng bot oxit
vanadi (V,0s) tinh khiét (0,5 gam) va
dua vao 6ng phan tng. Khao sat tai
nhiét do nhiét thay phan 950 °C cho
thiy hiéu sudt thu hoi flo, clo, brom
tuong tu nhu truong hop khong dung
chat xuc tién. Két qua khao sat ghi ¢
bang 1.



Bang 1. Két qua khdo sdt vai tro cia chdt xiic tién

) » Hiéu suat tach flo | Hiéu suét tach clo | Hiéu suat tach brom
Thi nghiém
(%) (%) (%)
Khong c6 mat
95,78 94,87 92,11
V,05
C6 mat V,0s 95,79 94,92 92,11

Nhu vay, viéc thém chat xuc tién phan
tmg ddi véi miu quing dat hiém khi
tién hanh nhiét thay phdn & 950°C
khong 1am ting ndng d6 flo, clo va
brom so véi thi nghiém khong dung
chat xuc tién, hay noi cach khac chat
xuc tién khong co vai tro dbi véi phan
{rmg nhiét thuy phan quang dat hiém.
3.4. Nghién ciru xac dinh ham luwgng
F, Cl, Br trong miu quiing apatit
Tién hanh tach cic nguyén t6 halogen
trong mau quing apatit theo quy trinh
vira nghién ctru v6i miu quing dat hiém
chudn. Luong cAn mau trong truong hop
nay khoang 0,05g v&i d6 chinh xac dén
1x10°gam do ham luong cac nguyén t6
halogen khong qua nho. Két qua khao sat
qua trinh nhi¢t thity phan phu thudc nhiét
dd duoc chira ¢ hinh 3 sau day.
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Két qua phan tich mau quing apatit cho
thiy ham lwong halogen phu thudc vao
nhiét d§ twong ty nhu trudong hop quang
d4t hiém. O 1000°C ham lugng flo, clo,
brom thu duoc gan nhu hoan toan. Tang
nhiét d§ thém, ham lugng cua chung
gan nhu khong ddi. Do d6 dé tach dinh
lugng flo, clo khéi mau apatit, can nhiét
d6 16 1000°C 1a da dé phan tng dién ra
hoan toan.

3.5. Nghién ctru xac dinh ham luwgng
F, Cl, Br trong miu quiing boxit

Do ham luong cac nguyén tb halogen
trong quang boxit kha nho, luong can
mAu trong trudng hop nay duoc 1y 1on
hon dang ké dé dam bao d¢ lip lai cua
két qua phan tich. Trong tét ca cac thi
nghiém, khdi luong mau can 13 0,5 g
v6i d6 chinh xac dén 1x10”gam. Thi
nghi¢m duoc tién hanh tai cac chuong
trinh nhiét d6 khac nhau. Két qua khao
sat dugc chira ¢ bang sau.




Bang 2. Ham lwong cdc halogen tach khéi mau qudng Boxit

o nhiét do khac nhau

Thi nghiém Nhiét do Ham luong F Ham lugng Cl1 Ham lugng Br
(%) (%) (%)
1 900°C 0,011 0,019 0,020
2 950°C 0,016 0,029 0,021
3 1000°C 0,019 0,032 0,021
4 1050°C 0,019 0,032 0,021

Két qua trén cho thidy ¢ 1000°C ham
lugng flo, clo, brom thu dugc ¢& mau
quang boxit 1a gin nhu hoan toan vi
tang nhi¢t do thém, ham lugong cac
nguyén t6 nay hau nhu khong thay doi.
Do d6 c6 thé thiy rang nhiét do 1000°C
1a du dé tach dinh lugng flo, clo, brom
khoi mau quing boxit.

3.6. Nghién ctru xac dinh ham luwgng
F, Cl, Br trong miu quiing fluorit

Thi nghiém duogc tién hanh tuong tu
nhu d6i v6i cac loai quing di khao sat.
Do ham lugng flo trong mau quing kha
cao, lugng can mau chi tir 5 dén 10 mg,
v6i d6 chinh xac phép can dén 1x10°
gam. Téc d6 dong hoi phun vao éng
phan tng duoc diéu chinh sao cho dudi
hoan toan flo ra khoi 6ng sau khoang
mdt gid phan Gng va lam ngudi 1. Két
qua thyc nghiém cho théy, o0 nhiét do
1000°C ham lugng flo, clo, brom thu
dugc ¢ mau fluorit 13 gan nhu hoan
toan. Tang nhi¢t do thém, ham luong

cac nguyén tb nay hau nhu khong thay
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doi. Ham lugng flo trong mau fluorit
thu dugc tuong dbi cao khoang 38,65%,
va gid tri nay phu hop véi cac két qua
do cac phong thi nghiém khac phan tich
bang phwong phap tric quang trén co s&

7
XA

tao phtrc voi cac “lac” mau cua Zr-
Xylen da cam, hodc La-Alizarin, hodc
Zr-Solochrom cyanit R [11] sau khi
phan hily mau nhd nung chdy véi
Na,CO;3, trong khi ham lugong Cl1 va Br
kha thap, twong tmg v6i cac gid tri 1,38
va 0,58 %.

3.7. Nghién ciru xac dinh ham luwgng
F, Cl, Br trong miu quiing pyrit
Luong cin mdu quing pyrit dugc lay
khoang 0,05 g v&i do chinh xac phép
can dén 1x10”°gam. Trong miu quing
pyrit, ham lugng clo va brom 16n hon
nhiéu so v6i ham lugng flo. Do do, dé
dam bao do dung, khi dinh lugng flo
trong mau quing pyrit, thong thudng
luong can duoc ldy cao gip khoang 5
1an so véi lugng can khi dinh luong Cl

hodc Br. Thi nghi¢m dugc 1ap lai theo




su tang nhi€t do nhiét thuy phan trong

diéu kién cb dinh thoi gian va dong hoi

nudc phun vao ong phan tng. Két qua

nghién ctru ¢ bang 3.

Bang 3. Ham lwong cdc halogen tdach khéi mau quing pyrit

o nhiét do khac nhau

Thi Nhiét do Ham luong F Ham lugng C1 | Ham lugng Br
nghiém (%) (%) (%0)
1 900°C 0,029 1,21 0,239
2 950°C 0,044 1,62 0,251
3 1000°C 0,056 1,84 0,252
4 1050°C 0,057 1,85 0,252

Két qua trén cho thidy ¢ 1000°C ham
lugng flo, clo va brom thu dugc & mau
quang pyrit 1a gan nhu hoan toan. Nhiét
do tang thém khong lam tang ham
luong cac nguyén té nay. Do dé co thé
thay rang khi tach flo, clo va brom khoi
mAu quing pyrit cdn nhiét do 1000°C dé
phan tng dién ra hoan toan.

3.8. Xac dinh ham lwgng halogen
(F,Cl, Br) trong mjt s6 miu quing

Sau khi nghién ctru tung loai quang,
diéu kién phan tich mau trén hé thiét b
nhiét thuy phan dugc ¢d dinh nhu sau:
nhiét d6 phan tng 1000°C, thoi gian
phan tng 45 phat va toc do dong hoi
nuédc ¢d dinh dé hoi ngung véi toe do
0,5ml/phut. [9] M&i mau duogc tién hanh
phan tich song song 5 lan dé thu gia tri
trung binh. Két qua phan tich cac miu
quang dugc ghi trong bang 4.

Bdng 4: Két qua phén tich halogen trong mét sé mau qudng

Mau quing | Ham luong F (%) Ham lugng C1 (%) | Ham lugng Br (%)
Bastnezit 6,87 £0,23 0,38 £ 0,06 0,086 + 0,002
Apatit 0,95 +£0,08 0,34 £ 0,04 0,152 +£0,017
Boxit 0,019 + 0,009 0,03 £0,02 0,021 + 0,004
Fluorit 38,64 +£1,42 1,38+0,3 0,581 + 0,028
Pyrit 0,056 + 0,001 1,81 +£0,9 0,252 +£ 0,033

Két qua cho thay do léch chuan cua sd
liéu l1a nho, phuong phap nhiét thay
phan cho do chum phu hop, dang tin
cay dé st dung xac dinh ham lugng céc
halogen trong mau quing c6 thanh phin
da lugng khac nhau. Mat khac, viéc
dinh lugng flo trong mot s6 loai quang,
khoang thuong gap khé khan do dang
ton tai cua flo trong hop chit v6i kim
loai kiém, kiém thd (thuéc nhoém nhiét
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thay phan cham). Bang phuwong phap
vira nghién ctiru flo van bi tach ra &
nhiét do 1000°C trong dong hoi nudc,
dé dang do dinh luong vé&i dién cuc
chon loc ion.

4. KET LUAN

Phuong phap nhiét thay phan lan dau
tién dugc xay dung ¢ nudc ta voi muc
dich tach phan tich cac halogen trong
dbi tuong miu ran. Cac miu quing tu



nhién chita ham luong halogen khac
nhau voi nhidu cdp di duoc phan tich
bang phuong phap nhiét thity phan két
hop dién cuc chon loc ion dat do chum
cao, dap umg yéu cau cta mot phuong
phap phan tich. Véi nhirng két qua thu
duoc, da mé ra hudng nghién clru moi,
cho phép ap dung quy trinh chung t6i dé
xudt dé phan tich cic halogen trong
mau quing c6 chira florua cua cac kim
loai kiém va kiém th (nhém thuy nhiét
phan chiam) ma khong cin thong qua
qua trinh xir Iy mau phuc tap.
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