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Abstract: Corrosion of reinforcement due to chloride ions and external sulphate
corrosion affects the durability and mechanical properties of concrete construction,
reinforced concrete structure in seawater environment and especially for concrete
works. frequent contact with water containing high concentrations of sulfate ions.
In this paper, a specific example of the effect of external sulfate corrosion on the
Mequinenza concrete dam and the effect of concrete types on the diffusion of
chloride ions is given. The formation of the mineral thaumasite is harmful to the
mechanical properties of concrete. Simulation of external sulfate corrosion for
concrete dams is carried out with the help of geochemical models. The model was
successful in confirming the formation of thaumasite mineral in the crust of the
concrete along with the increase in porosity thereby causing the peeling of the
concrete shell that was observed in the actual work. Model of the influence of
factors on the diffusion of chlorine ions on the basis of chlorine concentration in
concrete. Based on these results, the model helps to predict the durability of the
building over time. As well as the data of reinforcement corrosion caused by
chlorine and sulfate ions for the actual works are compared with the model results.
Keywords: reinforced concrete construction, concrete dams, bridges, chloride ion,
sulfate corrosion.

JSTT 2022, 2 (4), 13-22

https://jstt.vn/index.php/vn



JSTT

Tap chi dién tk
Khoa hoc va Céng nghé Giao théng
Trwong Bai hoc Céng nghé GTVT

Théng tin bai viét

Bai bao nghién ctru

"Tac gia lién hé:

Dia chi E-maiil:
quantv@utt.edu.vn

Ngay nép bai: 30/2/2022
Ngay chap nhan: 1/10/2022
Ngay dang bai: 11/10/2022

Nghién citru dd bén cdng trinh bé téng theo

mo hinh hdéa hoc
Tran Van Quan’, Giap Van Loi, Nguyén Trong Giap
Trwong Dai hoc Cong nghé Giao thdng Van tai, Ha Noi, Viét Nam

Toém tat: An mon cét thép do ion clo va an mon sulfat bén ngoai anh hwéng t&i do
bén va kha nédng chiu lwc ctia coéng trinh bé téng, cong trinh bé téng cdt thép trong
moi trwdng nwdc bién va dac biét dbi véi cac cong trinh bé tong tiép xuc thuwong
xuyén véi ngudn nwéc co chira ion sulfat véi ndng dé cao. Trong bai bdo nay mot
vi du cu thé vé anh hwédng cGa an mon Sulfat ngoai dbi véi dap bé téng
Mequinenza va anh huéng cla cac loai bé téng dén qua trinh khuyéch tan cac ion
clo dbi da dwoc néu ra. Viéc hinh thanh khoang thaumasite c¢6 hai cho tinh chét
co hoc clia bé téng. M6 phdng qua trinh &n mon Sulfat ngoai d6i véi dap bé téng
duoc tién hanh nhe sw giip d& ctia mé hinh dia hda hoc. M6 hinh da thanh céng
trong viéc khéng dinh sw hinh thanh khoang thaumasite & 16p vé ctia bé téng cuing
v&i tang dd rdng tir d6 1am bong tréc I6p vé bé téng da dwoc quan sat trong cong
trinh thwe té. M6 hinh anh hwéng cla cac yéu td dén qua trinh khéch tan céc ion
clo trén co s& ndng dé clo trong bé tong. Dwa trén cac két qua nay, md hinh gilp
dw doan dwgc dd bén cong trinh theo théi gian. Ciing nhw cac sé liéu an mon cbt
thép do ion clo va Sulfat gay ra déi véi cac cong trinh thyc t& dwoc so sanh voi

két qua mé hinh.

Ttr khéa: cong trinh bé téng cbt thép, dap bé téng, cau, ion clo, an mon Sulfat.

1. DAT VAN BE

Két cAu bé téng trong khu vuc nwéc bién bi
&n mon béi an mon Sulfat va &n mon clo. An mon
Sulfat trong bé tong la mét trong nhirng sw pha hay
dwoc nghién clru rong rai trén thé gidi [1], [2]. Cac
nghién ctu ngay nay cho thdy méi quan tam rat lén
dén véc str dung md hinh vat ly va hoa hoc dé& mé
phéng qua trinh an mon Sulfat [3]. Cac ion Sulfat
c6 thé xam thwe tr hai ngudn khac nhau. Néu cac
ion Sulfat xdm nhap vao bé tdng tr mdi trwdng
ngoai, cac ion nay sau do gay ra cac phan rng héa
hoc lam anh huéng dén két clu goi l1a &n mon
Sulfat bén ngoai (External Sulfate Attack-ESA). An
mon Sulfat bén trong cé thé xay ra khi bé tong st
dung loai xi mang ham lwgng I&n thach cao cho
muc dich lam cham qué trinh thdy héa xi mang
hodc cét liéu s dung c6 chira cac khoang nhw

thach cao, sat sunfua hodc cac mudi khac voi
Sulfat. Mat khac an mon clo dwoc dw doan la sw
xam nhap cua céc ion clo trong céc két dinh trong
bé tong [4], [5]. Trong trwdng hop nay cac mé hinh
hau hét s dung mé hinh dang nhiét lién két toan
cuc dé xac dinh téng lwong clorua nhw 1 ham
clorua tw do, cac thong sb cla dwdng dangr nhiéu
nay can dwoc hiéu chinh tryc tiép trén dir liéu thi
nghiém néu cé. Trong tirng trwdng hop céac
phwong phap danh riéng cho tirng loai bé tdng va
ting loai xi mang.

Hai phan (rng d3c trwng nhét xay ra trong bé
tong do an mon Sulfat 1a: (1) sy hinh thanh thach
cao (CaS0.4.2H,0) do phan &ng gilra Sulfat va
portlandite va (2) sy hinh thanh cda ettringite thi
cép (3Ca0 .Al;03.3CaS0..32H,0). Sw hinh thanh
thach cao va ettringite thir cap lam héng bé téng
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do ng suat bén trong gay ra sw gidn nd. Suw két
tinh cla ettringite thir cdp c6 hai hon nhiéu so véi
thach cao m&i hinh thanh [6], [7] va d& dwoc
nghién ctru réng rai, rat cé thé 1a do ettringite lam
héng c4u trac & mirc d6 I&n hon [8]. Bién phap
thdng thwdng nhét dwoc ap dung dé ngén chan sy
hinh thanh ettringite thir cip la st dung xi mang
bén Sulfat c6 ham lwgng oxit nhdm thap va chira
Xi 16 cao. Mot s&n phadm &n mon khac ngoai hai san
pham trén do la thaumasite
(CaSi03.CaC03.CaS04.15H,0). Pay la san pham
nguy hai cho bé tong trong qua trinh an mon. San
phadm nay khoéng phat sinh tir mét phan &ng lién
quan dén cac khoang nhém thuy hoa trong bé téng
ma né hinh thanh ngay ca khi s&v dung bé téng bén
axit véi ham lwong oxit nhém thap. Cac khoang
thaumasite dwoc hinh thanh tryc tiép tlr phan &rng
gilra ion Sulfat va cac khoang C-S-H (jennite va
tobermorite). Cac khoang C-S-H c6 tinh chét két
dinh va chiu lwc chi yéu cta hd xi méng, do vay
khi cac khoang C-S-H bj hoa tan dé két tha
thaumasite, khéi bé téng xi méng c6 thé dé dang bj
v& vun dudi nhivng &p lwc nhd nhat. Nhiéu nghién
ctu da ghi nhan sw anh hwéng clia thaumasite dén
nhiéu két ciu céng trinh bé téng véi nhiéu loai Xi
mang dwoc sk dung, trong dé c6 hé thdng ngap
nwéce lg va nwdc man [9], [10].

Hién nay nwéc ta c6 rat nhiéu cac cong trinh
bé tdng khu ngdm nwéc man, nwéc lo tréi khap dat
nwéc chiu sw &n mon béi cac ion mudi anh hwéng
dén dod bén cha két cdu. Do dé trong nghién citru
nay sé gi¢i thiéu mo hinh dwa trén co sé vat ly va
héa hoc bao gdbm can bang nhiét déng lwc hoc,
kiém soat déng hoc va sw tao phirc bé mat duoc
st dung dé mé phéng kha nang lién két clorua va
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Tran & nnk

sulfat bi anh hwéng béi cation ctia mubi tir nhirng
kinh nghiém thwc tién da dién ra.

2. PHUONG PHAP NGHIEN clrU
2.1. Vi du vé qua trinh an moén céng trinh

Con dap tai Mequinenza la mét con dap bé
téng trong lwc ndm & tinh Zaragoza, Tay Ban Nha,
va ndm & séng Ebro (Hinh 1a) dworc trich tv nghién
ctru cia Chinchén va nnk. [9]. Chiéu cao dap tdi da
la 79 m va chiéu dai dinh clia n6 1a 461 m, thé tich
dapla 1,1 x 10° m2. Hinh 1b cho thay hinh &nh cla
dap t phia ha lwu. H6 chiva dwoc gitr day lan dau
tién vao thang 12 ndm 1965, phan méng cla dap,
dwoc hinh thanh b&i cac tang da véi nam ngang
ngdn cach bdi cac tAng than méng c6 chira ham
lwgng lwu huynh cao (Hinh 2).

Bé téng dap Mequinenza dwoc lam bang cbt
liéu da véi chira nhiéu carbonate, cac cét liéu nay
khéng chira sét sunfua Fe,S va cac mudi chira ion
Sulfat khac do dé kha nang bi &n mon cac hop chat
lwu huynh khac xuét hién trong cac vat liéu do, ly
do an mon Sulfat bén trong bi loai trie.

Tuy nhién, trén hinh 3 quan séat thay c6 mot
lwgng Idn khoang ettringite dwgc hinh thanh gay
trwong né twong bé téng do sw tiép xuc véi nuéc
ngam chay ra tlr cac I&p than chira nhiéu ion
Sulfat. Hinh 4 cho thdy sy xubéng cdp manh mé
nhat cta bé tdng xay ra & nhirng khu vwc tiép xac
lau dai v&i nwée, cu thé hon 14 trong cac mang bé
tdng dong vai tro thoat nwéc va cac tuweong chén bé
tdng noi tiép xac truc tiép voi tAng da voi cé di kém
mach nwéc ngdm. Khi ma &n mon Sulfat ngoai
phan &ng v&i cac khoang C-S-H lam mét di tinh
chét co hoc cla lép bé téng tlr d6 tao ra nhiéu
mang bé téng bi bong troc ra khai két ciu.

\\\\

5.

Hinh 1. (a)Vi tri ctia dap Mequinenza va hd chiva thay dién ; (b) Ha lwu ctia dap
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Hinh 2. L&p than da xen ké gitra 2 I&p da voi
clia tang dia chat mong

Tran & nnk

Hinh 3. Carbonate héa va an mon Sulfat cua twong

bé téng sat v&i lop da dia chat

Hinh 4. Cac mang bé tong bi mét tinh chét co hoc, bi tach roi ra khdi cong trinh do thaumasite

2.2. M6 hinh khuéch tan ion

M hinh toan chi yéu xoanh quanh dinh luét
Fick th(r 2 va |&i gidi ham sai sb Crank. Dinh luat
th hai cGa Fick lién quan dén tbc do thay dbi néng
dd theo thoi gian cGa qua trinh khuéch tan cac ion
phan t&r. Tuy nhién tac dong ctia méi triedng bién
dén bé téng trong cac khu vuc khac nhau ciing
khac nhau, ngw&i ta chia ra lam 2 khu vyc chinh:
Khu viec ma céng trinh chim trong nwéc bién va
khu virc ma cdng trinh chiu sw tac dong cda song
va thuy triéu.

Khu virc ma bé téng chim trong nwéc bién:

C(x,H)=Cy+(C4-Cy)erfc (2‘/_) (1)

Trong d6 Co: ndng dd clorua ban dau trong
bé téng (%); Cs: ndng dd clorua tich Iy trén bé mat
bé tong (%); t: thoi gian (s); x: d0 sau trong bé tong
(m); erfc: ham sai sb Crank.

Ham sai sé Crank:

erf(x)= = f "ot @)
Vo
erfe(x)=1-erf(x)=—== f e 3)
vy

Néu gia thiét “D” khéng phu thudc vao thoi
gian. Thoi gian dau, bé téng khéng chira clorua thi
gia tri C, bang khéng va ham lwong clorua trong
nwéc bién [a mot gia tri khéng déi thi cong thire (
1.4) dwoc viét lai la:

C(x,)=Cyerfc (2%@) @)

Khu virc ma bé téng chiu sy tadc dong cla
thay triéu, séng

C(x,H=2W [— e 2tX2erfc(X)] )
T|'2
X= 15t (6)

Trong d6 W: Ham Ilwong ion clorua tich Iy
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trén bé mat bé téng theo don vj thoi gian.

Cong thirc & trén rat kho st dung do sw xuét
hién cta tham s “W”. Trong thuc t&, ham lwong
clorua thAm nhap vao trong bé téng théong qua dbi
lwu khéng quéa quan trong nhét la véi qua trinh &n
mon cbt thép. Do céc ion clorua chi tham nhap vao
trong bé téng théng qua ddi lwu khodng 1 — 2 cm
tinh tir bé mat I&p bé téng va dién ra trong thai gian
rat ngan. Do vay, nhiéu nghién ciru da dwa ra cac
cach biéu dién ham lwong clorua trong bé téng
thong qua khuéch tan tai khu vwe nay, vi du nhw
sau:

C(x.)=C(AxX.1) [1 erfc (;\/Ath)] 7)

Trong d6 Ax: chiéu sau cla vung clorua
tham nhap do dbi lwu; C(Ax,t): Nong dé clorua tai
do sau Ax (%).

2.3. M hinh dia hoa hoc

Sw xubng cap hoa hoc cta bé téng dwoc mo
phéng bang cach st dung dinh luat bao toan khi
lwong, dinh luat can bang nhiét déng hoc phan &ng
va dong lwc hoc phan trng. M6 hinh nhiét doéng hoc
va cac rng dung trong nghién ctru st¢ dung cac
chét két dinh vé co da dwoc trinh bay trong nghién
clru cua tac gia [5], [11]. Sy twong tac cua cac ion
v&i cac khoang dan dén sy héa tan khoang cii va
két tGa cac khoang moi. Po bao hoa 0, cha
khoang m duwoc biéu dién béi phwong trinh dwdi
day:

NC
om=K_ [](C)™ Veim=1,..,Np (8)
=1

Ksm: hang s6 can bang ctia khoang m; uy;:
hé sb can bang; y;: hé sb dd hoat dong cua chat
co ban j; C;: ndng dd chét j trong dung dich (mol/kg
nuoc); Ng: s6 luong chét co ban; Ny: sb lwong
khoang dudi can bang nhiét ddong hoc.

Trang thai can bang hay khéng can bang cua
cac khoang trong dung dich dwgc mo ta théng qua
chi s bdo hoa IS (Index of Saturation):

ISm=log Q,,=0 9)

DPéi v&i mot khoang, néu 1S=0, dung dich &
trang thai bdo hoa, khoang can bang khong két taa,

Tran & nnk

khéng hoa tan. Néu 1S<0, dung dich & trang thai
duwdi bdo hoa, khoang tiép tuc bi hoa tan. Trong
trwdng hop cudi cung, IS > 0, dung dich trén bao
hoa, hién twong két tia khoang xay ra.

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cua qua trinh an mon Sulfat
dén do bén bé téng

So sanh két qua thi nghiém va két qua mé
hinh vé sy &n mon sunphat cla bé téng trong 2
moi trwdng ndng dd sun phat khac nhau va trong 2
khoang thoi gian khac nhau dwgc mo ta trong hinh
5. Két qua cla sw so sanh cho thdy mé hinh dia
héa hoc c6 kha nang s dung dé nghién ciru &n
mon Sulfat trong bé tong véi dé chinh xac cao. Do
vay mo hinh sé dwgc ng dung vao nghién clru sy
&n mon Sulfat véi mét trweorng hop cu thé dwdi day.

Sw hw héng xubng clp cla dap bé tdng
Mequinenza dwgc ghi nhan tai thdi diém dap da
xay dwng sau 40 nam. Do vay th&i gian mo phéng
trong mé hinh 1a 40 ndm. Céac két qua md hinh vé
sy thay ddi thanh phan khoang ciing nhw hé sb
réng cla bé téng dwoc thé hién tai thdi diém sau
10 nam, 20 nam, 30 nam va 40 nam. Nhiét dé trung
binh dwoc lay 1a 20°C. Ham lwong cac khoang
trong bé tdng c6 lién quan dén &n mon Sulfat ngoai
dwoc thé hién 1an lwot trong cac hinh 6a, 6b, 6¢ va
6d v&i cac nam twong trng la 10, 20, 30 va 40 nam.
D6 rbng cua bé téng thay dbi theo thi gian dwoc
thé hién tai hinh 7.

C6 thé nhan thay v&i viéc tiép xuc trwc tiép
v&i nwdc ngam c6 pH rat thap khoang 3.34, tuy
nhién dd bén bé téng van twong dbi cao khi ma
khoang bi hoa tan twong dbi it sau 10 ndm bé tong
tiép xdc v&i nwdc ngam. Khoang Portlandite dé bi
hoa tan nhat. Sau 40 nam, khoang Portlandite bi
hoa tan dén hon 50% ham lwgng & 5 mm dau tién.
Viéc c6 mét cta ion Sulfat trong nwéc ngam khéng
gay ra viéc hinh thanh khoang ettringite thi» cap
hoac thach cao (gypsum). Sau 10 va 20 nam lwong
khoang C-S-H bj hoa tan rat nhé do vay chwa cé
sw hinh thanh khoang thaumasite. Tuy nhién hinh
7c va 7d cho thdy ham lwong khoang C-S-H bi hoa
tan nhiéu hon di kém véi thaumasite két tda tai lép
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vé clia bé tong. Bong thdi d6 réng ctia I&p vé tang

len theo th&i gian trong khodng 15 mm dau tién.  khi ma cé cac mang Ién vé bé tdng bi bong tréc.

SO3 (wt%)

SO3 (w1%)

5

9

6

(a) 56 ngay tiep xac

T+ ‘(:

1 » Két qua tinh todn

Két qua thye nghiém
T : Thir nghiém so
.

‘ y =
+4 |
T T ————————————— IR
0 0.5 1 1.5 2 2.5 3 3.5 4

Do sau (mm)

12

(b) 160 ngay tiép xiic

‘ - inhtoan

8 4+ A Thyre nghiém

Thir nghiém so

0

+

0 0.5 1 1.5
Do sau

| I
~J
7
w
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Diéu nay phu hop véi quan séat thyc té tai hinh 4,

Hinh 5. So sanh ham lwong SO3 gitra két qua tinh toan va thwc nghiém & (a) 56 ngay tiép xic néng d6

Thé tich

0.10

0.08

0.06

0.04

0.02

0.00

4g/l Na,S04 va (b) 160 ngay tiép xuc v&i ndng dd 3g/l Na,SO, & 20°C [12]

(a)10 nam (b)20 nam

=]
h -

. 10 0 L5 10
Chicu séu (mm) Chicu séu (mm)
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0.10
(¢)30 nam (d)40 nany
008 i~ ~ g mrrEaa e st EREara a0 bereer s s st s r s e e e
~ - 7
( o . » Thaumasite
E 0.06 T Portlandite
@ Ettringite
=
= 0.04 + - == (C-S-H1.6
0.02 + /
0.00 + : ' : : :
0 2 4 6 8 10 0 5 10
Chiéu sau (mm) Chieu séu (mm)

Hinh 6. Sw hoa tan két tla cla cac khoang trong bé téng tiép xirc v&i méi truéng nwéc ngam theo thoi
gian (a) 10 nam, (b) 20 nam, (c) 30 nam va (d) 40 nam

0.18
=0 ndm - 10nam
0.16 ¥ _ — =20nim — — 30ndm
\
20 b s - - —40 nam
‘:-; 0.14 ++ S
5' > N
N e
0.12 e s
— e ] T R S —
0.10 } } t
0 5 15 20

» 10
Chiéu sau (mm)
Hinh 7. D6 réng cta 20 mm bé tdng theo thdi gian [13]

3.2. Anh hwéng cua loai bé tong dén qua trinh bay) va LR CEM lll trong th&i gian sau 3 thang va
khéch tan céc ion clo 5 thang tiép xic véi méi trwdng véi cac ion clorua

Trong mét nghién cteu ddi véi cdc mau bé  (Hinh 8). Ham lwong clorua dwoc so sanh gitra s6
tong M25, M30FA (Bé tdng c6 thém thanh phantro  liéu ly thuyét va thwe nghiém & hinh 9 .

| (b) CuCl, °

03 0.3

[ () NaCl |

O Expdata

e\ ymencal bound Cl-

® Expdaa

0.2 4 02 +

e\ ymencal bound Cl-

0.1 4 Ll +

Bound chloride (/1 00g of concrete)
Bound chloride (/1008 of concrete)

0 0.03 0.06 0m 0 0.03 0.06 009

¢CF (2/100g of concreie) cCl (/1002 of concrete)
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() KQ

® Expdan

s\ ymencal bound Cl-

[

0l T

Bound chloride (g/100g of concrete)

009

6

0 0.03

¢Cl (g/100g of concrese)
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(d) MeCY, |

@ Expdan

02+

e N menical bound Ci-

‘e

‘.',l <+

Bound chloride (g/100g of concrete)
&

() 003 006 009

cCl (/1003 of concreie)

Hinh 8. Sw phan bd ham lwong Clo trong bé tdng sau 6 thang tiép xtc (a) 0,5mol dung dich NaCl, (b)
0,25 mol dung dich CaCl2, (c) dung dich KCI 0,5 mol va (d) dung dich MgCl; 0,5 mol & 20°C cta md
hinh ly thuyét va thwc nghiém [14]

(b) M30FA, LR CEM 111

(a) M25

60 4
%" ® M25_Sm(exp)
E 50 4 em—=M25_5m)num)
a4 O M25_3m(exp)
E 40 4 ==M25_3m(num)
gn 30
' o
g '3
S 20 4
g D=
§|
Z 10

B M30CV_3m(exp)

M30CV_3Im(num)
A LR CEM II_7m(exp)
w= == LR CEM II_7m(num)

0 100 200 300 400 500

Nong d6 clorua (mol/m3 dung dich)

0 100 200 300 400 500

.\"éng d¢ clorua (mol/m3 dung dich)

Hinh 9. Sw phan b ham lwong Clo trong bé téng (a) M25 sau 5 thang va (b) M30FA, LR CEM Il sau 3
thang tiép xic dung dich 30g NaCl & diéu kién 20°C [15]

Cac két qua nghién ciru trén cho thdy mé
hinh ¢6 st dung md hinh dwdng dang nhiét ham
lwong clorua theo ham thdi gian. Ching ta c6 thé
thdy rang mo hinh c6 thé dy béo tt cho qua trinh
khéch tan clorua ma khéng phu thudc vao cac
théng sé do ngoai thyc nghiém.

4. KET LUAN

Trong bai bao nay da trinh bay dwoc moét
phan &nh hwéng cta &n mon Sulfat, clorua do tac
dong tr méi truéng bén ngoai dbéi véi cong trinh
két cAu bé tong va bé tdng cbt thép.

Déi v&i cong trinh dap bé tong cbt thép dwoc
xay dwng trén nén dia chat 1a da voi xen ké than
bun. Cac khoang thaumasite hinh thanh do qua
trinh an mon Sulfat ngoai, cac ion Sulfat tac dung
véi C-S-H c6 trong bé téng dé hinh thanh khoang
thamasite, tlr d6 lam mat tinh chét két dinh cta lép
bé tong gay ra suy giam co hoc. Bén canh d6 cong
cu sb 1a mé hinh dia héa hoc ciing da dwoc (ng
dung dé nghién ctu ly thuyét vé co ché hinh thanh
thaumasite trong bé téng khi c6 sy an mon Sulfat
bén ngoai. M6 hinh d& khéng dinh viéc mat khoang
C-S-H va hinh thanh thaumasite, cung v&i tang dé

20



JSTT 2022, 2 (4), 13-22

réng ngoai Iép vé dan dén sw bong tréc 1&p vé bé
tong sau khoang 40 nam tiép xuc nwéc ngam cod
chtra ion sulfat. Tr & mé hinh cé thé dwoc dwa
vao dy doan viéc hinh thanh khoang thaumasite
cla cac cong trinh dap bé tong khac.

M6 hinh héa hoc cdé tinh dén sw khuéch tan
ion két tda/ hoa tan va sw tao phirc bé mét da dwoc
dé xuét d& dw doan phan (rng van chuyén céac ion
vao vat liéu két dinh bdo hoa. Cac két qua ctia md
hinh cho thay céac loai bé tdng khac nhau tiép xic
v&i NaCl hoac vo&i cac dung dich sunphat da duwoc
khao sat dén. Anh hudng cua loai cation lién quan
dén clorua ciing trinh bay. Méi két qué la so v&i di
liéu thwc nghiém hodc ciu hinh sb da thu dwoc
trwdc d6 trong tai liéu. Cac két qua tinh toan gitra
tinh toan véi thir nghiém sb c6 sy khac biét nhé
chirng rang md hinh sb nay cé thé dwoc s dung
nhw mét céng cu dang tin cay dé dy doan lién két
clorua kha nang cho cac loai bé tdng khac nhau
tiép xtc véi dung dich khac nhau hodc & méoi
trwdng an mon khac nhau.
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