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Abstract

lon Chromatography (ICS 2100 Dionex) is used to determine the anions such as F
, CI, Br, NO5;, NOs, SO, PO/ in solution samples. It is one of advanced technigues
that allows rapid analysis in general and in particular fluoride anions with high
sensitivity. Fluoride in UO, powder samples was directly separated from solid samples
containing uranium by using pyrohydrolysis technique. The recovery of pyrohydrolysis
reaction was studied on new apparatus made in Germany under the design and order by
CB11/03-01 profect. Optimization  of the pyrohydrolysis apparatus and ion
chromatography (IC) was achieved and the procedure for quantitative determination of
flouride in solid samples was thus established for the application.
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.  MODPAU

Flo 12 mot chat oxi hoa va hoat dong hda hoc manh nhat trong tit ca cac nguyén té
[1]. Flo thong thuong cd thé thay thé hidré khi né c6 mat trong cac hop chat hitu co, Vi
vay flo c6 thé co rat nhiéu hop chat. Cung voi cac hop chéat cia né nhu HF, flo duoc sir
dung trong qua trinh san xuét urani trong cong nghiép, ché tao nhién liéu hat nhan [2-7],
va c6 ing dung trong nhiéu linh vuc khac nhu y hoc, sinh hoc, néng nghiép [8-14].

Trong nhitg nam gan day, Vién Coéng nghé Xa hiém — Vién Ning lugng nguyén
tr Viét Nam tién hanh nghién cau vé cong nghé ché tao vién gém UO, theo hudng di tir
nguyén liéu UFg thong qua dung dich mé phong cac san pham urani nhién liéu hat nhan
nhu UO,F,, chuyén hoa tiép thanh c4c san pham trung gian nhu ADU, AUC sach phuc
vu quéa trinh nghién cau tiép theo dé tao san pham cudi cung Ia vién gém UO,. Vi vay
viéc xac dinh ham luong flo con lai trong san pham UO, da dugc dit ra.

C6 hai phwong phap dé xac dinh flo trong cac ddi twong mau khac nhau. Mot 13,
xac dinh flo tryc tiép trong mau dung dich str dung cac ki thuat nhu UV-VIS, dién hda st
dung dién cuc chon loc ion, HPLC vd&i detector o dan, sic ky ion [15-18] va phuong
phap khac nira 1a xac dinh flo sau khi da duoc tach ra khoi mau ran.

K3 thuat nhiét thuy phan duoc dung dé tach flo ra khoi hdn hop miu ran & nhiét do
cao (800 — 1200°C) trong dong hoi nuéc. Hé dung cu nhiét thay phan duoc ché tao tai
CHLB Puc theo thiét ké [19] dat hang caa dé tai cdp bo CB11/03-01 véi mét sb cai tién
nhu: phan ving nhiét 6 phan tng, 6ng phan tng bang hop kim platin, c6 diéu khién
gradien nhiét do va thoi gian gidp qua trinh nghién ctru dugc thuan lgi va chinh xac.

Sic ky ion la mot ky thuat phan tich thuong duoc ap dung dé xac dinh dong thoi
nhiéu anion vé co nhu F’, CI', Br, NO,, NOy, SO,*, PO,> trong cac miu nuéc. Day 1a



mot k§ thuat hién dai cho phép xac dinh nhanh céac anion noi chung va flo noéi riéng voi
d6 nhay cao. Hiéu suat thu hoi dat duoc trong khoang tir 80%-110%.

Trong béo c&o nay, nhém tac gia nghién ctru xac dinh ham lugng flo trong mot sé
mau bot san pham trung gian AUC, va mau bot UO, sau khi da duoc tach ra khoi nén
mau bang thiét bi nhiét thay phén, sau d6 duoc dinh luong bang sac ky ion.

Il.  THUC NGHIEM

2.1. Hoa chat
Dung dich chuan ion F~ do hdng Dionex cung cip ham lugng 1000 mg/l duoc bao
quan ¢ moi truong 4°C.
Dung dich chuan hon hop 6 anion F, CI', Br,, NO,, NOg', 8042' - Dionex.
Céc dung dich chuan thir cip dugc chuan bi bang cach pha lodng dung dich chuan
gdc véi nudc cét tinh khiét (18MQ.cm™) va ciing bao quan & diéu kién nhu trén.
2.2.  Thiét bi va dyng cy
2.2.1. Bo dung cu nhiét thiiy phén LK 1200-25-350-2
Bo dung cu duoc nhap vé tir Puc, duoc lap rap va van hanh tai Trung tdm phan
tich — Vién Cong nghé Xa hiém. Gom cac bo phan sau:
- Hé thng diéu khién: Gom hai ddng hd sb hién thi cac théng sé va chuong trinh
diéu khién gradient nhiét do hai vang 10.
- B6 phun hoi nuéc gom binh cau hai ¢o, ¢6 nbi nham bang thay tinh chiu nhiét,
bép dién cb cdng tic didu khién nhiét do.
- Lo nung va éng phan ang: Ong Platin-Rhodi ndi véi bd phun hoi nuéc va sinh
han, thuyén chira mau platin.
- B¢ dung cy thu hoi HF sau phan wng: Sinh han platin va do dong, lo PE.
2.2.2. Hé sic ki ion ICS — 2100 (Dionex)
Hé thdng may sic ky 1CS-2100 RFIC (Reagent-Free™ lon Chromatography) voi
phan mém diéu khién Chromeleon. 1CS-2100 la mét hé théng nhat bao gom céc bo phan:

- Eluent generator - Pump Degas
- Column Heater - Elugen EGC-KOH Cartridge
- Detector - B6 ghi va may tinh

.  KET QUA VA THAO LUAN
3.1. Téivuhoa diéu kién chay sic ky

Dé t6i uu hoa cac thong sb chay sic ky ching tdi sir dung dung dich chuan hdn
hop 6 anion (F’, CI', Br, NO,, NO3', SO4*) ¢6 néng d6 100 ppm (ndng dé F 1a 25 ppm).
3.1.1. Anh huong cia néng do dung dich rica giar

Nong d6 dung dich rira giai anh huong dén kha ning tach pic cua cac anion c6 mat
trong dung dich. Nong dé dung dich ria giai KOH duoc thay dbi tir 25 mM dén 38mM
(pham vi thay doi nong d6 KOH duoc diéu chinh tw dong thong qua b EGC-KOH
Cartridge) trong khi ¢ dinh diéu kién chay sic ky nhu toc d6 pha dong: 1ml/phat, nhiét
d6 cot: 30°C, van bom mau 5 chiéu, thé tich mau 20 pl, Detector:Suppressed conductivity



ASRS ULTRA 4mm (Auto Suppressed Recycle mode 75mA) va thoi gian do trong vong
10 phat. Thuc nghiém cho thay khi nong do dung dich ria giai 1a 25mM hoic 35mM
hodc 38mM, su c6 mit cia cac nguyén td khong day du, da c6 su chen lan va day phé ra
ngoai khoang khao sat. G ndng d6 30mM cac pic di tach ra rd rang, khong co sy chong
chap pic (Hinh 1), do d6 da chon ndng d6 téi vu cho pha dong la 30mM KOH.
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Hinh 1. Sy phu thudc cua qua trinh sac ky vao nong d6 dung dich rira giai
3.1.2. Anh huong cia cuong dé dong qua detector.

Sy thay doi cudng do dong qua detector ciing anh huong dén qua trinh tach pic
cac anion c6 mat trong dung dich. Khi cuong d6 dong thay doi tir 65 dén 80mA va cd
dinh céc thong sé cua may sic ky, nong do dung dich KOH 12 30mM cho thiy cudng do
dong qua detector chi anh hudng dén dudng nén. Tai gia tri cudng d6 dong 65mA duong
nén kha thap so véi chan pic, anh huong dén qué trinh tinh dién tich pic. Con & 70mA
hoiac 80mA duong nén lai cao hon chan pic. Do vay, cudng d6 dong qua detector tdi wu
la 75mA (Hinh 2) da duoc lua chon.
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Hinh 2: Sy phu thudc cta qua trinh sic ky vao cudng do dong
3.1.3 Chon vong mau, toc do dong di qua cot tach




Khi thay doi cac vong chira mau khac nhau, thé tich mau bom vao cot sé thay doi.
Néu vong chtra mau qua dai, lvong mau bom vao cot qua 16n thi hién twong dodng pic
xay ra gay nén su chen lan pic trong qua trinh tach. Vi thé tich mau nho hon thé tich
gidi han Vo thi chiéu cao pic ti 18 tuyén tinh véi lugng chat bom vao cot tach. Nhung néu
thé tich mau nap vao cot tach 16n hon Vo thi chiéu cao pic khdng con ti 1& tuyén tinh, sic
ky d6 xuat hién hién twong mé rong chan pic. Hién nay trong sic ky ion thuong ding
vong mau cd thé tich tir 20 dén 100 pl, nhung vong mau 20 pl dwgc ding nhiéu hon ca
do dap tng duoc cac yéu cau phan tich. Vi vay vong mau c6 thé tich 20pl dwoc lua chon.

Téc @6 dong dung dich qua cot tAch cao hon hodc thip hon gia tri 1 ml/phat déu
gay anh huong: ap suat cot ting dot ngot qué giéi han cho phép hoac giam nhanh vé gidi
han dudi caa ap suat cot. Do d6 toe do dong qua cot tach Iml/phat da duogc lya chon.

Két qua cua viéc toi wu hoa qua trinh van hanh hé sic ky ion duoc tom tit nhu sau:
Cot sic ky gom cot tach lonPac AS18 Analytical 4 x 250mm va cot bao vé lonPac AG18
Guard 4 x 50mm; dung dich rira giai: KOH 30mM; toc d6 pha dong: 1ml/phut; nhiét do
cot: 30°C; thé tich vong mau 20 pl; Detector: Suppressed conductivity ASRS ULTRA
4mm (Auto Suppressed Recycle mode 75mA); D6 dan cua duong nén ~ 1.4uS; Ap suit
cot: 2510psi; thoi gian do: 10 phat. Cac thdng sé dugc ¢d dinh cho toan bo phan nghién
ctu tiép theo.
3.2. Tbiwu hoa céc théng s6 16 nung LK 1200-25-350-2
3.2.1. B¢ gia nhiét lo nung

Pay 1a phan chinh cua bd dung cu, c6 tc dung quyét dinh chat lugng cua phép
phén tich. Véi viéc phan vung trong long 10 thanh hai vung khac nhau nén viéc gia nhiét
(dat chuong trinh nhiét d6) cho hai viing quyét dinh dén hiéu suat thu hdi caa qua trinh
tach flo ra khoi nén mau. Thong so nhiét tai hai ving dugc thay d6i nhu bang 1.

Bang 1. Chuong trinh gradient nhi¢t 9

_ Téc do gia nhigt(°C/h)
Thi nghiéem Vung 1(T°C) Ving 2(T°C)
0°C-200°C 200°C-T°C
1 850 800
2 900 850
3 200 360 950 900
4 1000 950
5 1050 1000
6 200 360 1100 1050

Mau amoni uranyl cacbonat-AUC (nhan duoc tir Trung tdm CN Nhién liéu) duoc
st dung dé khao sat cac théng sé thiét bi. Mdi mot chuong trinh chiing t6i 1am 13p lai va
thu dung dich tach ra. Sau d6, miu dugc dem dinh lwong flo bing sic ky ion. Buong
chuan duoc xay dung tir cac dung dich chuan flo véi nong do 0,5 mg/l; 2,5 mg/l, 5 mg/l;
25 mg/l. Két qua trinh bay ¢ bang 2. B4 thi biéu dién sy phy thuoc ham lugng F vao nhiét
d6 ving phan tng (hinh 3) cho thay rang cing mét déi teong mau, cung thoi gian nhiét
thity phan nhung ¢ 950°C ham luong flo thu duoc 12 ti wu nhat.



Bang 2. Két qua tach flo tir miu AUC theo céc chirong trinh gradient nhiét 46
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Hinh 3. Sy phu thuéc ham Iwgng Flo vao nhiét @6 vung phan ng
3.2.2. B6 phun hoi nuoc

Day 1a bo phan khong thé thiéu caa thiét bi nhiét thiiy phan vi hoi nudc sinh ra tir
binh phun s& dugc thoi qua éng phan ¢ng va cudn hoi HF va thu lai sau 6ng ngung. Bo
phun hoi nuéc caa thiét bi nghién ciru gdom mat binh cau hai ¢6, mot dau dugc ndi Voi
6ng phan @ng, mot dau duoc dung dé cd thé thém nudc hoic co thé ndi thém véi may
bom dé thoi khdng khi hoac khi nito gitp tang hiéu suat thu hdi HF. Cuong d6 hoi phun
ra duoc diéu chinh bang chiét &p bép dién dé cb dinh téc do hoi ngung tu. Khi ting nhiét
bép dién 1én nac 3 thi lwong hoi phun ra nhanh hon Iml/phit, véi thoi gian nhiét thiry
phan 30 pht thi lwong dung dich ngung dugc qua nhiéu va lam lodng ham lwong flo gay
sai s6 cho qua trinh dinh lwong. Do vay, tc d6 hoi nudc ra khoi hé phan tng 0,5ml/phat
dam bao an toan cho viéc thu mau véi nhiét bép dién & nac 2.
3.2.3. Ong phan ting va thuyén mau

Thiét bi dang nghién ctu sir dung 6ng phan tng platin-rhodi dai 35cm da khic
phuc nhitng nhuoc diém cua dng phan tng thach anh. Thuyén mau duoc ché tao dong bo



cuing dng phan Gng tir platin da giai quyét dugc nhimg nhuoc diém caa hé thiét bi cii tu
lap rap nhu chiu dugc nhiét d cao, khong bi hoi HF dn mon, gop phan ting hiéu suat cho
qua trinh nghién cau.

3.2.4. Sinh han ngung tu hoi HF

Vit lidu dugc chon 1am sinh han 1a dng platin duoc han néi truc tiép véi mot dau
6ng phan tng, vo ngoai duoc boc bang mot 4o dong dau c6 dau dan vao binh ngung.
Toan bo hé thiét bi dam bao khdng bi in mon boi HF va dap wng yéu cau dinh lugng flo.
3.3. Hiéu suat thu hdi caa toan bo qué trinh

Sau khi cb dinh cac thong s6 t6i wu caa thiét bi nhiét thiy phan va may do. Chung
t6i tién hanh khao sat do thu hdi & diéu kién tdi wu.

Can 0,1g mau AUC (chinh xac dén 0,002g) vao thuyén mau, day thuyén mau vao
6ng phan ng téi vi tri ving phan tng. Van hanh 10 theo cac thong sé da téi wu hoa. Lay
dung dich ngung dem di xac dinh ham lugng flo.

Tiép tuc can 0,1 g mau (chinh xac dén 0,002g) vao thuyén mau. Dung pipet piston
hat 0,5 ml dung dich NH,F d3 biét nong do, bom dung dich tir tir vao thuyén mau da
chtra sin mau. Bao quan thuyén chira miu trong ndp nhya ¢ nhiét do phong qua dém.
Muc dich 1a dé hoi nuéc bi mat trong khi mudi NH,F bam chéc trén nén mau. Han hop
mau duoc dua vao 6ng phan wang va lap lai qua trinh nhiét thuy phan. Két qua dinh luong
flo duoc thé hién trong bang 3.

Bang 3. Hiéu suét thu hdi flo trong qué trinh nhiét thiy phan

- Khéi | Thétich | Ham | Ham - )Ham Hicu suit

So lan ) lugng F c6 | luong Flo | lwong flo .
luong dung dich x R N | thu hoi Flo

TN mau(g) (ml) trongmau | thémvao |tim thay %)

‘ AUC (Mg) | (Hg/g)
Lan 1 0,1040 47,0813 75,8799 500 560,4247 97,32
Lan 2 0,1035 40,1013 75,5151 500 571,1282 99,23
Lan 3 0,1037 45,0912 75,6775 500 566,2665 98,12

3.4 Phan tich dinh lugng flo trong miu bot UO,

Tur cac két qua nghién ctru, chung toi di tién hanh dinh luong flo trong mau bot
UO, nhan duoc tir Trung tdm CN Nhién liéu. Két qua dinh lugng flo trong mau duoc ghi
trong bang 4 dudi day.

Bang 4. Pinh lugng flo trong miu bot UO,

S 1in TN Khéi lugng | Thé tich dung dich Ham lugng Flo
‘ mau(g) (ml) (Mg/9)

Lan 1 0,5023 32,2230 56,5552
Lan 2 0,5031 35,1013 58,5112
Lan 3 0,5029 33,0912 57,7683
Ham lugng trung binh 57,6116

Do léch chuan +9,873

IV. KET LUAN

Cong trinh nghién ctru dé cap trong bao cao da giai quyét dugc mot sé van dé sau:
1. Nghién ciru toi wu hoa cac thong sé cua thiét bi nhiét thiy phan LK 1200-
25-350-2 (M&i dugc ché tao tai CHLB Durc theo thiét ké dat hang cua dé tai CB11/03-01)



nhu chuong trinh gia nhiét, ché do phun hoi, toc @6 thu dung dich; déng thoi da téi wu
hoa cé4c thong sb van hanh thiét bi sic ky ion 1CS-2100 phuc vu dinh luong cac anion cé
trong mau dung dich sau nhiét thay phan;

2. Nghién ciru xac dinh do thu hdi cua qua trinh tach flo trong mau cha urani
(AUC) bang cach thém mot lugng nhét dinh flo biét truéc ndong do vao nén mau nghién
ctru. Két qua cho thay do thu hoi ctia qua trinh trén 95%, trong khi mau trang khong phét
hién duoc flo, dat y8u cau cho phép phan tich dinh lwong flo trong mau rin chia urani;

3. Tién hanh phén tich dinh lwong flo trong mau bot UO,, d6 léch chuan cua
gia tri thu duoc khoang 17 %, budc dau dap Gmg duoc yéu cau phan tich phuc vu cac
nghién cau céng nghé ché tao gbm UO, trong Vién.
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TOm tit

Phurong phép Séc ky ion (ICS 2100 Dionex) thuong duoc 4p dung dé xdc dinh cac
anion F, CI, Br, NO;, NO5, SOF, PO, trong déi twong mau dung dich. Piy I mot ky
thuat hién dai cho phép phéan tich nhanh cac anion noi chung va flo noi riéng voi dé nhay
cao. Flo trong cac mau bét UO, duoc tach truc tiép ra khoi nén mau chiza urani nho ky
thuat nhiét thiy phan. Hiéu suat thu hoi cua phan itng nhiét thiy phan dwoc nghién ciu
trén thiét bi méi ché tao tai Céng hoa lién bang Durc theo thiét ké dit hang cia dé tai
CB11/03-01. Céc diéu kién toi uu héa cho thiét bi nhiét thiy phén va sac ky ion di duoc
nghién ciu chi tiét, quy trinh phan tich dinh lrong flo trong cdc mau rin di duoc X4y
ding dé ap dung.

Tir khoa: nhiét thily phan, sdc ky ion (IC), mau bot UO,



