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Tom tat:

Kiém soat pH cua ché d6 hoa nude & nhiét do cao trong nha may dién hat nhan la véan dé
quan trong va can thiét. Dé tinh toan cho phép xac dinh pH ¢ nhiét d6 cao can mot chudi
qua trinh lién hé nhau bang cic phuong trinh hoa 1y cling nhu toan hoc giita nhiét do va
vat chat: Cac can bang ion trong dung dich, phuong trinh bao toan khéi lugng, phuong
trinh bao toan dién tich, hﬁng s6 can béng phu thudc nhiét d6.... Trong bao cao nay chung
to6i nghién ctru xac dinh pH cho hé dung dich axit boric khi bd sung LiOH, KOH ¢ nhiét
d6 cao. Céc két qua thuc nghiém va mé phong trén phan mém Maple 18 dbi voi dung dich
B tir 0 dén 2000 ppm c6 sai s6 khong qua 0,25 trong khoang nhiét dé tir 0°C dén 50°C.

T khéa: pH & nhiét @ cao, phiong phip Meek, phan mém Maple 18

. MO DAU

Do pH 14 chi sb x4c dinh tinh chét axit, bazo hay trung tinh ctia dung dich. Trong thuc té
tdc d6 an mon kim loai trong nudc phu thude rat nhiéu vao pH cia nuéc ma kim loai tiép xtc. Hién nay,
viéc xac dinh pH kha don gian va phd bién bang thiét bi do st dung dién cuc mang thily tinh
trong diéu kién nhiét do phong hodc dién cyc gdbm & nhiét do tuong ddi cao [1]. Trong linh vuc
dién hat nhan, pH ciia chat tai nhiét vong so cap (dung dich nudc chira mot lugng nho axit boric
va mot s6 hoa chit khac) lam viéc & diéu kién nhiét d6 va ap suit cao trong trudong buc xa dugc
nhiéu nha nghién ctru quan tim [2-7]. pH 1a mot ham ndng d¢ ion H' trong dung dich chura axit
boric, phu thudc vao cac can bang ion phan ly trong nudc, phu thudc nhiét do, ap suat va lyc ion
[5, 8]. Trén thé gidi di c6 nhiéu cong trinh nghién ctru vé can bang hoa hoc ddi v6i hé théng hoa
nude chira axit boric. D. E. Byrnes di xay dung 1y thuyét hoa 1y vé axit boric trong dung dich &
nhiét d6 cao dit co sd cho viéc thiét 1ap tinh todn pH cia hé dung dich nay [9]. Nam 1965,
Meek da nghién ctru, m& hda phuong phap xac dinh pH ¢ nhiét d6 cao va dua ra cach mo phong
tinh toan pH cta dung dich tai nhiét trong diéu kién van hanh, duoc 4p dung trong 10 phan tmg
hat nhan do Westinghouse thiét ké va san xuat [10,11]. Cac nghién ciru tinh toan ctia nhiéu nha
san xut 10 phan tng ning luong sau nay da bo sung ma hda mot cach tdi wu nhat nham giam
thiéu sai s gdy anh hudng t6i qua trinh van hanh. Tai Viét Nam, viéc xac dinh pH ¢ nhiét do
cao it dugc quan tim va chua tng dung nhiéu trong thuc tién. Trong béo cdo nay, nghién ctru
mo phong va tinh toan pH trong dung dich chira axit boric & nhiét d¢ cao khi bé xung LiOH,
KOH duoc thyc hién. Pay la mot phﬁn nho trong cac nghién ctru lién quan té1 qué trinh an mon
vat liéu két ciu trong ché do hda nude ciia nha may dién hat nhan.

I1. NOI DUNG
I1. 1. P6i twong va Phuwong phap

Axit boric ¢6 qua trinh phén ly rat phtc tap, ion H' ciia axit boric phy thudc vao ndng do
ban dau ciing nhu cac ion lién hop ctia n6 qua cac hiang s6 phan ly tai nhiét d6 xac dinh. Trong
cac yéu t6 nay ta thay luong chat bd sung vao dung dich 1a khong thay dbi, cac yéu té do tan,
do phan ly bi anh huong bdi nhiét do va ap suét. Do vay, dé tinh pH & nhiét d cao chung ta
can c6 cac phuong trinh thé hién méi twong quan gitta nhiét do va ap suat t6i do tan va hang sd
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phan ly axit ciia dung dich chura axit boric.

Dé nghién ctru tinh toan pH & nhiét d6 cao ddi véi dung dich axit boric khi bd sung
LiOH, KOH chung t6i di st dung phuong phap tinh toan mé phong trén phdn mém Maple 18.
Ngoai ra chung t61 con sir dung thuc nghiém kiém tra két qua tinh toan tai cac nhiét do thiét bi
do pH213 Hana c6 thé xé4c dinh duoc.

\ , dlnK APH® .z x A .13 A A
Theo phuong trinh Van’t Hoff: (%) = ﬁ biéu dién sy phu thudc cua hang sé can
p
bang vao nhiét d. Giai phwong trinh nay ta dugc ham phy thudc nhiét do cuia hing sb can bang

(K) [3].

A
LnK = ?+ B.T+ C+D.InT
C6 thé viét phuong trinh trén theo dang logarit thap phan:

pK = —logK = %+ B. T+ C+ D.IgT

Trong d6 T 1a nhiét d6 (°K); A, B, C, D 1a hang sé.

Ap dung s6 lidu héng sb can b.':fmg phu thudc nhiét do trong nghién ctru cuia MEEK [2,10],
chung t6i thiét 1ap phuong trinh logarit hiang s can bang phu thudc nhiét do ctia LiOH, H,0,
H3BO; & nhiét do tir 293,15 °K (20 °C) dén 600 °K (326,85 °C).

Trong bao co nay ching tdi nghién ctru anh huong cua nhiét d6 dén pH cua dung dich axit
Boric (H3BOs) khi bo xung mot luong nho dung dich LIOH, KOH. Tir d6 ta c6 thé du doan
ngoai suy gia tri pH ¢ nhiét do cao &p dung cho hé dung dich H3BO3 trong 10 phan tng hat
nhan.

Nghién ciru trén hé tong quat ban dau gom HzBO3z nong do Cg tng (M), sau d6 bd sung
LiOH ndng do Cuitng (M); KOH ndng d¢ C tsng (M) sa0 cho Ck ting + Cliténg < Cg téng). DUNG
dich sau khi bé sung LiOH, KOH s& xay ra cac phan tng trung hoa giita axit HsBO3 va cac bazo
con lai, nong do ban dau cac chat sé thay ddi, khi phan tng két thic ching lubn can bang giita
cac ion la axit va bazo lién hop cua nhau. Gia dinh trong dung dich axit HsBO;3 chi phén ly theo
hai phan ung ra ion B(OH), va ion B3O3(OH),’; cac hé s6 hoat do ciia céc ion coi nhu khong
d6i va o thé tinh hoat ¢6 nhur 1 nong d6 [1].

Céc phuong trinh cin bang cé trong dung dich cd thé xay ra:

HsBO3 + H,0 © B(OH), + H* v:[B(OH);1.[H*] (1)
" [H3B0;]
3H3BO3& B303(0OH), + H + 2H,0 ¥3[B303(0H); 1. [H*] 2
* T H3BO,P
LiOH & Li* + OH" YA[Li*].[OH™] (3)
Kp Lion = [LiOH]
H,0 © H" + OH Kw = Y3[H*].[OH"] (4)
Ap dung dinh luat bao toan khdi lwong cho cac nguyén t Li, K va B ta co:
Cli téng = [Li"] + [LiOH] (5)
Ch téng = [H3BOs] + [B(OH)4] + 3.[BsO5(OH)4] (6)
, Cing = [K] (7)
Ap dung dinh luat bao toan dién tich ta co:
[Li"] + [NH4'] + [H'] + [K'] = [OH] + [B(OH) 4] + [B3O3(0H)4] (8)

Duya vao cac phuong trinh tir (1) dén (8) ta tinh duogc néng d6 gan dling céc ion trong
dung dich Itc can bang véi y3 = 1 tai nhi¢t d6 xac dinh. Sau d6 ta chuyén nong d¢ vé hoat do
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theo cbng thuc:
a: hoatdo 9)
a=y.C Trong d6{ C: ndng dd
y : hé s6 hoat do
Hé s hoat d6 duoc tinh theo phuong trinh Debye-Huckel:

RV
l0g10(Y) = i_\/li (10)

A: do déc giéi han Debye-Huckel, mot biéu thic thuc nghiém xuit phat nhuw mot ham cua

nhiét do, 12 mot hang s khong d6i & mot nhiét do ap dung cho cac hang sé can bang.
Ci : néng d6 ion thir i (12)
Zi : Pién tich ion thir i
7 PH = -l0g1o(an) (12)
bé don gian trong qua trinh xac dinh pH d6i véi dung dich chira axit boric chung t6i da su
dung phan mém Maple 18 tinh toan két qua md phong.

Tién hanh thyc nghiém do pH trén may do pH213 Hana:

Hoa chat: H3BOs3: tinh thé rdn 99,99%, My; NH3: dung dich 30%, Trung Qudc; KOH: tinh
thé 99,99%, Trung Qudc; LiOH: tinh thé 99,99% Trung Qudc, Ptc; H,0: 18,2MQ, phong thi
nghiém Hoéa phan tich, Vién cong nghé xa hiém; dung dich chuan pH: M¥.

Dung cu: Pipet bau 5, 10, 25, 50 ml, micropipet 0 — 1000uL. Binh dinh muc 5, 10, 20, 25,
50, 100, 200ml. cin phan tich sai s6 = 0,00001g. may gia nhiét, may khudy tr, may do pH213
Hana.

Tién hanh pha cac mau gia, mau chuan pH, thuc hién do pH tai cac nhiét do khac nhau
trong pham vi khuyén céo cua thiét bi.

|14 lyc ion = X (z . [Ci]/2 trong do {

I.2.Kétqua .
~ Hinh 1: Két qua thyc nghiém nghién ctru anh hudng cta nhi¢t do dén dung dich pH
chuan va dung dich axir boric 2000ppm (0,185M) trén may do pH213 Hana.
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Bang 1: Két qua thyc nghiém nghién ctru pH cac dung dich nghién ctru trén may do
pH213 Hana tai cac nhi¢t d§ khac nhau ddi voi dung dich axit boric khi bo sung cac dung dich

chtta cac ion Li*, K*.
Nong | Nong | Nong
doB do K" do pHtai | pHtai | pHtai | pHtai | PHtai | pHtai | pH tai
trong | trong | Li* 20°C | 25°C | 30°C | 35°C | 40°C | 45°C | 50°C




HsBOs; | KOH | trong
(ppm) | (ppm) | LIOH
(ppm)
7,05+ 7,00+ | 6,87+ 6,77+ 6,68+ |659+|651+
0,00 0,02 | 0,05 008 | 011 | 023 | 021 | 017
40T+ | 449+ | 465+ | 462+ | 487+ 473+ (481
2000,00 0,03 | 005 | 007 | 016 | 023 | 021 | 0,17
390,00 715+ | 7,23+ 728+ 731+ [734+[738+[742+
2000,00 003 | 004 | 005 | 013 | 0,21 | 0,19 |0,25
69,40 | 7,18+ | 7,16+ | 725+ | 7,29+ | 732+ [ 736+ | 7,39 +
2000,00 0,02 | 005 | 008 | 0,10 | 025 | 017 | 0,21

Hinh 2: Phuong trinh mo6 phong cac gia tri hﬁng sO can bang cua H20, LiOH, H3BOs
trong dung dich nghién curu tai cac nhiét do khac nhau bang phan mém Maple 18
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Bang 2: Két qua mo6 phong pH cac dung dich nghién ctru trén phan mém Maple 18 tai
cac nhi¢t do khac nhau doi véi dung dich axit boric khi bd sung cac dung dich chtra cac ion

Li*, K" i
g | g [ 508
S gr% (Er(‘)olé Li.+ pHotai pHota_li pHOtai pHotai PHotai pHotai pHotai
trong | 20°C 25°C 30°C 35°C | 40°C | 45°C | 50°C
H3BO3; | KOH LiON
(pom) | (ppm) | 00
0,00 7,09 |7,00 6,92 6,84 6,75 6,70 | 6,64
2000,00 4,64 4,64 4,64 4,64 4,65 4,65 | 4,66
2000,00 | 390,00 7,35 7,34 7,34 7,33 7,33 7,33 | 7,33
2000,00 69,40 | 7,34 7,33 7,33 7,31 7,31 7,31 | 7,30

Bang 3: Két qua pH Y 25°§3 ctia dung dich chira nong d6 Li*, B trong LiOH va axit
H3BO3 dugc tinh toan trén phan mém Maple 18

Nong Nong @6 Li* (ppm)

o B

(pm) | 000 | 007 | 035 | 07 | 35 7 35 70
0,00 | 6,96 8,95 9,65 9,95 10,65 10,95 11,65 11,94
0,11 | 6,84 8,76 9,57 9,91 10,64 10,95 11,65 11,94
054 6,61 8,28 9,22 9,71 10,6 10,93 11,64 11,94




1,08 | 6,48 7,99 8,86 9,40 10,56 | 10,90 | 11,64 | 11,94
540 | 6,15 7,30 8,04 8,39 9,79 10,66 | 11,60 | 11,92
10,80 | 6.00 7,01 7,72 8,04 8,98 9,95 10,55 | 11,90
54,00 | 5,65 6,32 7,01 7,31 8,05 8,40 10,31 | 11,64
108,00 | 5,50 6,04 6,70 7,00 7,72 8,04 9,00 10,47
216,00 | 5,34 5,75 6,39 6,69 7,40 7,71 8,52 9,01
324,00 | 5,24 5,59 6,19 6,49 7,20 7,51 8,29 9,70
432,00 | 5,17 5,46 6,04 6,34 7,04 7,35 8,12 9,51
540,00 | 5,10 5,36 5,92 6,21 6,91 7,22 7,99 9,37
648,00 | 5,05 5,28 5,80 6,10 6,80 7,11 7,87 8,25
756,00 | 5.00 5,20 5,70 5,99 6,69 7,00 7,77 8,14
864,00 | 4,94 5,13 5,60 5,89 6,59 6,9 7,67 8,04
972,00 | 4,90 5,06 5,52 5,80 6,50 6,81 7,57 7,95
1080,00 | 4,85 5,00 5,43 571 6,41 6,72 7,48 7,87
Bang 4: Két qua pH o 25°C ctia dung dich chira nong d6 K*, B trong KOH va axit
H3BO3 dugc tinh toan trén phan mém Maple 18
Nong d K" (ppm)

N(‘“)ng
doB | 0,00 0,39 1,95 3,90 19,5 | 39,00 | 195,00 | 390,00
(ppm)
0,00 6,96 8,95 9,65 9,95 10,65 10,95 11,65 11,95

0,11| 6,84 8,76 9,57 9,91 10,64 | 10,95 | 1165 | 11,95
0,54| 6,61 8,28 9,22 9,71 10,60 | 10,93 | 11,65 | 11,95
1,08 | 6,48 7,99 8,86 9,40 10,56 | 10,91 | 1164 | 11,95
540 | 6,15 7,30 8,04 8,39 9,79 10,66 | 11,60 | 11,93
10,80 | 6,00 7.00 7,12 8,04 8,98 9,95 11,55 | 11,90
54,00 | 5,65 6,32 7,00 7,31 8,05 8,40 10,32 | 11,65
108,00 | 5,50 6,04 6,70 7,00 7,72 8,04 9.00 10,47
216,00 | 5,34 5,75 6,39 6,69 7,40 7,71 8,52 9,00
324,00 | 5,24 5,79 6,19 6,49 7,20 7,91 8,29 8,70
432,00 | 5,17 5,46 6,04 6,34 7,04 7,35 8,12 8,51
540,00 | 5,10 5,36 5,92 6,21 6,91 7,22 7,99 8,37
648,00 | 5,05 5,28 5,80 6,10 6,8 7,11 7,87 8,25
756,00 | 5,00 5,20 5,70 5,99 6,69 7,00 7,77 8,14
864,00 | 4,94 5,13 5,60 5,89 6,59 6,90 7,67 8,04
972,00 | 4,90 5,06 5,52 5,80 6,50 6,81 7,57 7,95
1080,00 | 4,85 5,00 5,43 5,71 6,41 6,72 7,48 7,87
Hinh 3: Anh hudng khi bo xung LiOH, KOH vao dung dich chua axit HsBOs tai 25°C

dugc tinh toan trén phan mém Maple 18
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H‘In‘h 4. Méi twong quan gitta pH, LiOH va axit H3BOj tai nhiét d§ 275°C dugc tinh
toan trén phan mém Maple 18
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Hin‘h 5: Méi twong quan gitta pH, KOH va axit H3BOs3 tai nhiét d6 275°C dugc tinh
toan trén phan mém Maple 18
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I1. 3. Thao lugan

Khi do pH céc dung dich chudn pH va dung dich chira axit Boric 2000ppm (0,185M) tai
cic nhiét do khac nhau tir khoang 10°C dén 50°C trong gidi han lam viéc cia dién cuc thuy
tinh, (Hinh 1) ta thdy anh hudng cta nhiét d6 dén cac gia tri pH c6 sy thay d6i nhung khong rd
nét. Trong khoang bién thién 5 dén 10°C thi khé nhan ra su sai léch pH. Gia tri pH cua dung
dich axit boric 2000ppm tai 20°C 1a 4,47; tai 25°C 1a 4,49; tai 30°C 1a 4,67 (Bang 1). Nhung
khoang nhiét d6 cang xa (bién thién nhiét do 16n tir 30 °C trd 1én) gia tri pH thay doi 16 rét: pH
tai 50° C la 4,81.

Tuy nhién ddi v6i cac dung dich co gia tri pH trung tinh va kiém thi hiéu ng phu thudc
nguoc lai. Nhin két qua (Hinh 1, Bang 1) ta c6 thé thdy pH ctia dung dich trung tinh tai 20°C Ia
7,05; 25°C 1a 7,0 nhung khi nhiét do tang lén 50°C thi pH lai giam con 6,51. Tuong tu, dung
dich bazo pH tai 20°C 1a 9,46 nhung tai 50°C la 9,01.

So sanh voi két qua do MEEK [2] thyc hién, két qua tinh toan qua Maple 18 (Bang 2) va
bang két qua thuc nghiém (Bang 1) trén cac mau dung dich axit boric c6 ham luong B 2000ppm
thiy cac gia tri c6 khoang gan gidng nhau. Cac gia tri tinh toan ctia Meek va tinh qua Maple 18
nam trong khoang sai s6 thuc nghiém. Diéu nay chimg to phuong thirc tinh toan cua ching toi
c6 thé chap nhan dugc. Do d6 ta ¢6 thé mo phong tai nhiét do cao anh hudng ciia pH dén su bd
sung LiOH va KOH cho dung dich chtra axit Boric, qua d6 dua ra mdi twong quan giita chat bo
sung va axit Boric dé d& dang kiém soat pH.

Trong trudng hop gia dinh ndng do tap chat khdng déng ké trong chat tai nhiét so cap, ¢6
thé xac dinh mot mbi quan hé ton tai gitta pH, d6 dan dién, nong do liti va bor ¢ 25°C. Su phu
thudc ctia pH vao ndng d6 liti va bor ¢ 25 °C duoc dua ra & Bang 3. D6i v6i dung dich axit
H3BO; khi bd sung thém dung dich LiOH, pH thay d6i r6 khi thém ting luong LiOH khac
nhau. Piéu nay ciing c6 thé 1y giai do khi bd sung LiOH vao dung dich axit thi xay ra phan tng
trung hoa rat nhanh. Mat khac LiOH ciing dugc xép vao trong nhom bazo manh, kha ning tao
bazo lién hop thay d6i pH ciing khé hon. Tuong tu d6i véi két qua khi bd sung KOH (Bang 4).

Tir két qua tinh toén ta thiy khi thay ddi nhiét do tir 25°C Ién 275°C luong LiOH thém

vao ciing giam dan ty I& nghich so vai nhiét d6. Bé dat pH cb dinh ta c6 thé thay doi HsBO;
hoic LiOH, KOH theo méi tuong quan vai nhau. Két qua nghién ciru mé phong cho thay hoan
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toan twong tu vai gia tri tham khao trong [3] dugc tinh toan cho 160 nudc ap luc theo phuong
phap Meek. Nhin cac sé liéu biéu dién trén (Hinh 4, 5) ta ¢ thé khdng ché pH & nhiét do xéac
dinh mét cach chu dong hon. Cung mot gia tri pH ¢ 275°C cd thé thay ddi gia tri LiOH hay
KOH dé thay thé nhau: dé pH 6,80 ta c6 thé khéng ché HsBO5; 100ppm B va KOH 2,40ppm K
H3BO3 2000ppm B va KOH 22,14ppm K; H3BO3 250ppm B va LiOH 0,55ppm Li....

I1l. KET LUAN ,

Phuong thiec moé phong, tinh toan pH d6i vai hé dung dich nudc axit boric khi c6 mat
LiOH, KOH ciing nhu ban chit ciia pH da dugc nghién ctru tim hiéu. Nghién ctru da mé ta dugc
moi lién hé gitta pH va do dan cua dung dich chira axit boric phu thudc nhiét d6 bang phan mém
Maple 18, theo phuong phap Meek. Két qua tinh toan 1y thuyét pH da duoc kiém tra lai bang
thuc nghiém do pH cta dung dich H3BO3 2000ppm (0,185M) va céc dung dich mo6 phong khac.
Nghién ctru 1a co s& dé dinh huéng cho cac nghién cau thyuc tién khac can xac dinh pH cua
nhiéu loai dung dich ¢ diéu kién lam viéc khac nhiét ¢ phong.
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CALCULATE pH OF BORIC ACID SOLUTION WHEN ADDING LiOH
OR KOH AT HIGH TEMPERATURE

Abstract

Controlling the pH of high temperature water chemistry regime in nuclear power plants is
an important and necessary issue. To determine the pH at high temperatures is very
difficult, through a series of processes connected by Chemical Physics and mathematical
equations between temperature and matter: The ion balance in solution, equation



conservation of mass, equation for charge conservation, temperature dependent equilibrium
constant .... In this report, we study the pH of the boric acid solution by adding LiOH,
KOH at high temperature. The experimental results and simulations on the Maple 18
software for solution B from 0 to 2000 ppm with the error less than 0.25 in the range of 0
°C to 50 °C.

Keywords: pH at high temperature, Meek method, Mapple software 18



