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CONG NGHE

MO HINH NHIET PONG LUC HQC VA UNG DUNG TRONG
NGHIEN CUU SUDUNG CAC CHAT KET DINH VO CO

Nguyén Hitu Nim
Vién Thuy dién va Nang lvong tdi tao

Tém tat: Mo hinh nhiét dong luc hoc la can thiét cho viéc nghién cuu vé cdc phan ung hoa hoc.
Véi ba bién sé anh hwong chii yéu nhat la nhiét dé, dp sudt va thanh phan héa hoc, ching ta cé
thé du dodn néu phan vmg sé dién ra va trang thai cuéi ciing sau khi phan ieng két thiic. Cac dinh
luat téng quat diéu chinh nhiét dong luc hoc da duoc biét den tir lau va lan dau tién dwoc ap
dung cho héa hoc xi mang vao cudi thé ky 19 ciia Le Chatelier dé chitng minh rang quda trinh
hydrat héa xi mang thu dwoc théng qua sw hoa tan cia clinke ban dau dan dén mét pha nuée
luén bao hoa déi véi cdc phan g hydrat héa tir dé dan dén sw két tia ciia cac pha ran. Mé
hinh nhiét dong hoc duoc phat trién va ung dung boi cac nha dia hoa hoc nham tinh todn hé
phurong trinh phan iing phirc tap ciia hé da chat thuong xay ra trong t nhién cé sir dung vit liéu
xi méang nhuw hon hop vit liéu gia cé dat, twong tdc bé tong/dat, an mon bé téng, thiy héa xi
mang, xit Iy chdt thai phong xa. Do do cdc 1y thuyét co ban ciia mé hinh nhiét dong hoc va cdc
ung dung cua mo hinh nhiét dong sé dwoc trinh bay trong bai bao nay.

Tir khoa: M6 hinh nhiét dong liec hoc, xi mang, dé bén bé téng, thiy héa, xir Iy chdt thdi phéng
xa, puzzolan tu nhién

Summary: Thermodynamic modeling is essential for our understanding of chemical reactions.
With the three most important variables influencing temperature, pressure and chemical
composition, we can predict if the reaction will take place and the final state after the reaction is
over. The general laws governing thermodynamics have been known for a long time and were
first applied to cement chemistry in the late 19th century by Le Chatelier to prove that cement
hydration was obtained. The clinker's initial solubility leads to an always saturated water phase
for the hydration reaction thus leading to the precipitation of solid phases. Thermodynamic
model was developed and applied by geochemists to calculate the system of complex reaction
often occurring in nature using cementitious materials such as soil stabilization, concrete/soil
interaction, concrete corrosion, cement hydration, radioactive waste disposal. Therefore the
basic theories of thermodynamic modeling and its application are presented in this paper.
Keywords: Thermodynamic modeling, cementitious materials, durability of concrete, cement
hydration, radioactive waste disposal, natural pouzolan.

g s& dién ra va trang thai cudi cung sau khi
phan ng két thuc. Cac dinh luat chung ciia mo
hinh nhiét dong luc hoc da duogc biét dén tir
lau va lan dau tién duoc ap dung cho hoa hoc
xi mang vao cudi thé ky 19 boi Le Chatelier dé
chimg minh rang qué trinh hydrat hoa cua xi
ming dién ra theo tung giai doan trong qua

1. PAT VAN DE

Mb hinh nhiét dong Iuc hoc 1a can thiét cho
viéc nghién ctru vé cac phan tng hoa hoc. Vi
ba bién 12 nhiét do, ap suét va thanh phén hoa
hoc, chung ta cé thé du doan liu mot phan
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trinh hoa tan clinker ban dau din dén qua trinh
bao hoa nudc doi voi cac khoang hydrat két
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tia. Cudi cung ching dat dén trang thii can
bang v6i nudc con lai chira trong cac 16 rdng
cua vlta xi mang. M6 hinh nhiét dong hoc
dugc mo rong ra dé nghién ctru cac phan tng
gita cac hat dat va xi ming ciing nhu cac vat
liéu c6 tinh cht tuong tu nhu voi, tro bay, xi
10 cao.

Ngoai ra, m6 hinh nhiét dong luc hoc cling 1a
mot cong cu hiru ich dé danh gia d6 bén cua
vita xi ming trong mot mdi trudng nhat dinh.
Khi hé s can bang ciia cac phén l'mg duogc két
hop véi phu:orng trinh chuyen chit, ¢ thé du
doan toc do xudng cép cua cac vat liéu sir
dung xi ming va sy thay d6i khoang vat hoc
trong vung bi suy thoai [1]. M6 hinh nhiét
dong hoc da dugc tmg dung trong nhiéu linh
vuc:Du doan tudi tho do6 bén cua cong trinh
ngam chira rac thai phong xa véi cac tuong tac
xi ming/sét/phong xa [2], [3].D6 bén cua két
ciu vat lieu dudi ap suit cao cua viéc du trit
khi CO2, khi ma dudi ap suét cao cac vat liéu
bi cacbonat héa manh mé boi CO; [4], [5]. Lan
truyén chat 6 nhidm, du doan viung 6 nhidm
boi cac kim loai ning trong dat [6], [7]. Khi
thoi gian phan Gng trd nén qua lau dé thuc
hién cac thi nghiém dan t6i chi phi thi nghiém
moO hinh vat ky tdng cao, mo hinh hda tré
thanh phuong tién kha thi duy nhat dé udc tinh
d6 bén cua vat liéu xi mang trong mot sb ung
dung rit quan trong nhu 6n dinh va héa rin
chit thai phong xa, ciing nhu xir Iy cac chat
thai phong xa.

Tuy nhién hién nay viéc 4p dung mo hinh nay
tai Vit Nam vao trong nghién ctu céac linh
vuc vat liéu xdy dung con han ché. Do vay,
trong phan dau ciia bai bao gidi thidu vé cac
phuong trinh co ban cua mo hinh nhiét dong
luc hoc. Cac phan tiép theo trinh bay ba tng
dung 16n ctia m6 hinh nhiét dong lyc hda hoc
mot 1a nghién ctru thiy hoa xi mang dudi su
anh hudng ctia ham luong da voi, tro bay va
nhiét do, hai 1a ing dung cia mo6 hinh nhiét
dong luc hoc trong viéc xu ly chit thai hat
nhan va cudi cung 13 nghién ciru thiét ké cip

phdi dit co st dung puzzolan tu nhién, xi
mang, voi.

2. NGUYEN LY CO BAN CUA MO HINH
NHIET PONG LU'C HQC

2.1. b6 hoat dong va luc ion

Trong mot dung dich, {A} d6 hoat dong cua
mdt chit hoa tan A duoc biéu dién theo
phuong trinh sau:

A
(A} = valA]
[Ao]
Ya: hé sb d6 hoat dong; [A]: ndng do chat A
(mol/kg nudc); [A,]: ndng d6 tiéu chuan biang
1 (mol/ kg nuédc)

(M

Can chi y rang nong d6 mol co thé dugc
biéu dién mol/kg nudc, hodc mol/l dung
dich. Trong 1y thuyét nhiét dong hoc, don vi
cua néng d6 mol ludon duoc biéu didn theo
mol/kg nude.

Dé co thé xac dinh hé sb d6 hoat dong y,, can
xac dinh lyc ion cua dung dich, ky hi¢u 7
(mol/kg nudc):

N
(=5 ) 2IA &

N: tong s6 cac chat co trong dung dich bao
g6m ion hay cac phén tir hoa tan

[A;]: ndng d6 cua chit 4; (mol/ kg nudce)

z;: d6 4m dién cua chat A;

C6 nhiéu cach tiép can dé tinh hé sé do hoat
dong, nhung tuyu chung lai cic cach tiép can
nidy déu dwoc phat trién tir phwong trinh
Debye-Huckel [92], phuong trinh nay chi ap

dung cho céc dung dich loang c6 lyc ion I <
0.005 (mol/kg nudéc):

log(y)) = —&z/1°° 3)

&: tham ) phu thudc nhiét do va ap suit, trong
diéu kién binh thuong p, = 1.1013 X 10° Pa
va T = 25°C, &€ = 0.5091 kg®°/mol’?

Céch tiép can ctia Helgeson va nnk (1981) [92]
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hay con goi 1a phuong trinh Debye-Huckel mé
rong, dugc Ung dung dé tinh hé s6 do hoat
dong I < 3 mol/kg nudc cho trudong hop nudce
trong 16 rong dudi dat, phuong trinh Debye-
Huckel mé rong duoc viét dudi dang:
—§27105
+ log(1
+0.0180153m")
— [@jbyact + brat ar-
—0.19(|z;| — 1)1

log(y;) =

Q)

§: tham sb phu thudc nhi¢t do va ap suét, trong
diéu kién thong thuong, p, = 1.1013 x 10°
Pa va T=25°C, &=0.3283x%x10"°
kg®*/(mol1%3.m)
Aj: tham s6 phu thudc tinh chét cta ion dugc
md ta bang phwong trinh sau:
D6i v6i cac anion mang dién tich 4m:
2(re; + 1.91]z)
A = (5)
(Iz] +1)

Dbi véi cac cation mang dién tich duong:
e 2(re; + 1.81]z) ;

T (D) ©

re;: ban kinh kha dung cua ion, dugc ghi lai

trong co s dir liéu nhiét dong hoc (don vi A)

I. Iuc ion theo hé sb cén bang duogc tinh khi
khong tinh dén cac ion phtc vi du CaOH",
NaCOj3

M
(=3 28] ™

[B,]: ndng do6 chit B;

M: s6 luong anion va cation trong dung dich
(M<N)

m*: tong sb ndng d6 mol cuia cac chit c6 trong
dung dich (mol’kg nudc)

w;: hé s¢ Born (J/mol)
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i
w; =1 ] (8)

n=6.951218 (A.]/mol)

bnact bra+ ci-: hai tham sé phu thude nhiét do
va 4p sudt trong bang tra ctia Halgelson et nnk
[8]. Trong diéu kién thong thuong p, =

1.1013x 105 Pa va T =25°C, byuq =

2.47 x 1073 (%) Vi byata- = —9.77 X
-3 (ke

10 (mol)'

2.2. Can bang nhiét dong hoc

Su twong tc clia cac ion véi cac khoang dan
dén sy hoa tan khoang cli va két tua cac
khoang méi. Do bao hoa ,, cta khodng m
duogc bicu dién bdi phuong trinh dudi day:

Nc
O =K Q(Vici)"mi m 9)

1,..,N,
K m: hang sb can bing cta khoang m; Up;: hé
s6 can bﬁng; Y;: hé s6 d0 hoat dong cua chat co
ban j; C;: ndng do chit j trong dung dich (mol/kg
nudc); Ne.: $6 luong chét co ban; Np: $6 lugng
khoéng dudi can béng nhiét dong hoc.

Trang thai can bang hay khong can bang cua
cac khoang trong dung dich dugc mé ta thong
qua chi s6 bio hoa IS (Index of Saturation):
IS, =logQ,,=0 (10)
Pbi voi mot khoang, néu 1S=0, dung dich &
trang thai bio hoa, khoang can bang khong két
tua, khong hoa tan. Néu 1S<0, dung dich ¢
trang thai dudi bdo hoa, khoang tiép tuc bi hoa
tan. Trong trudng hop cudi cung, IS > 0, dung
dich trén bio hoa, hién tugng két tia khoing
Xay ra.

3. UNG DUNG CUA MO HINH NHIET
PONG LUC HQC

3.1. Nghién ciru thiy héa xi mang

3.1.1. Anh hudng da voi dén thiy hda xi ming

Viéc bo sung déa voi vao clinker ngay cang pho
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bién vi n6 1am giam lugng khi thai carbon ctia
cac viéc san xuit xi mang truyén thong. P
vOi, thay vi tro néu dé trong diéu kién tu
nhién, s€ tham gia phan ung hydrat héa. Viéc
b6 sung d4 voi vao clinker C3A hodc xi ming
Portland giip oOn dinh khoang canxi
monocarboaluminate, C4sACH1
(monocarboaluminate) va ettringite, CsAS3H3o,
nguoc lai s€ lam mit 6n dinh monosulphate,
C4AS3Hi2 [9], [10]. Ngoai ra, ettringite c6 thé
két hop t6i 9% carbonate tai 25°C [16], s& ting
cuong hon nira kha ning lip day khong gian
ctia chat rin. M6 hinh nhiét dong luc hoc [9],
[11], [12] d3 giup khing dinh nhitng nhan dinh
nay, hinh 1 di cho thiy sy hién dién cua da voi
tao ra su 6n dinh cua khoang ettringite; sy hién
dién cta mot lwong nho da voi (1én dén xép xi
5%) lam tang tong khéi lugng chit rin ngim
nude va do d6 lam giam do rong cla vira xi
mang, nhu trong hinh 1.

709 +7%

BO T nnring'l'la

monosulfa R o
504 7hemi (T
hydrotalcite 2z carbonate) h{“““““.’.“.”.".'.‘?.‘.’. ’
gJ a0 = - -%”Fﬁl.. : calcite
S Seniiinianiin T
= . E e ndite
“’E e e
o
i C-S-H
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wi% CaCO,

Hinh 1: Ham luong khoadng thuy hoa cua
xi méang Portland thay déi theo ham ciia
luwong da voi [12]

3.1.2. Anh huong tro bay dén thiy héa xi
mang Portland

Tro bay bao gdm chi yéu 13 SiO,, nhung ciing
c6 thé chira dang ké lwong ALOs. Su pha tron
xi mang Portland véi tro bay dan dén viéc
giam hinh thanh khoéng portlandite.Tro bay
loai F theo tiéu chudn ASTM C618 chua tir 15
dén 35% ALOs, do d6, viéc tron PC véi tro
bay nhu vdy din dén mot lwong 16n céc

khoang giau Al. Vi tro bay chira mét luong
dang ké ALOs nhung it SOs, do d6 ting luong
tro bay sir dung dan dén giam ettringite va ting
khoang AFm (Hinh 2). Sy thay d6i ham lugng
khoang trong hinh 2 phu hop véi két qua thi
nghiém thuc té. Dé thay thé tren 60% xi mang
Portland bing tro bay, viéc khong hinh thanh
portlandite dd duoc quan sat thiy sau thoi gian
hydrat héa 1 ndm va lau hon [13], [14]. Sau 1
nam va lau hon, khi mét lwgng dang ké tro bay
da phan tng, lugng ettringite bi suy giam (do
ham lugng ALOs cao va ham lwong SOs thip
cia tro bay) va sy gia ting s6 lwong cac
khoang AFm nhu monosulfate hodc
monocarbonate [11] da dugc quan sat.

B0 AI(OH),

calcite

jennite-like

C-(A)S-H

C-(A)SH

wi% fly ash

Hinh 2: S thay doi ham luong khodng thiy
hoa xi mang theo ham luong tro bay sw dung.
Két qua dwoc tinh bang mé hinh nhiét dong
lwc hoc [15]

3.1.3. Anh huong nhiét do dén thiy hoa xi
mang bén sunfate

Mo hinh nhiét dong luc hoc cling co thé duoc
sir dung dé du doan thanh phan khoang cua
viéc thily hoa xi ming bén sunfate tai cac nhiét
do khéac nhau. Cac khodng thuy hoa cua xi
méng bén sunfate duoc tinh trong khoang tir 0
dén 60°C (Hinh 3). Portlandite, C-S-H,
hydrotalcite va calcite 6n dinh trong khoang
nhiét do nay, diéu nay pht hop véi cac quan
sat thi nghiém. Trén 48°C, c6 thé thiy
monosulphate  6n  dinh  hon so  Véi
monocarbonate va ettringite. Ty 1¢ mol
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ALO3/SO; tuong ddi thip cua xi ming bén
sunfate, 0.95 mol/mol, dan dén sy hinh thanh
cua monosulphate voi lugng sunfate con du lai
tao ra su hinh thanh khoang ettringite. Nhitng
thay ddi trong thanh phan cia cac khoang thiy
hoa anh huong dén tong khdi lwong cia xi
méang ngam nuéc (Hinh 3). Sy bién mét cua
ettringite, voi trong lwong thip va thé tich 16m,
dan dén thé tich bi nho di. Didu nay dan dén
ting d0 rong va gidm cudng do nén.

MONOCA HOnE &

40

i = e poritandite; i
L s i =l an
nydrotalcite B e

} -

wnilydr, Clinker

em®/100g cement

%10

L1 10 20 a0 4 50 60
Temperature

Hinh 3: Ham luong cdc khoang thuy hoa cua
xi mang bén sunfate theo ham nhiét do [14]

C6 thé dé& dang nhan thdy ring, dwa vao mo
hinh nhiét dong luc hoc c¢6 thé du doan duoc
su thay d6i thanh phan khoang thily hoa cta xi
mang theo ham lugng phu gia cho vao nhu da
voi, tro bay hay nhiét d6 moi trudong thuy hoa.
Vi viée du doan ham lugng khoang thuy hoa
thiy hoa gitip du doan kha nang cuong do cua
hén hop, vi du trong truong hop cho nhiéu tro
bay dan dén lugng tro bay khong thé thiy hoa
tang, gidm luong khoang C-S-H mang cudng
d6 chu yéu cua vira xi mang, do dé vi¢c su
dung qua nhiéu mot lugng tro bay nhét dinh
lam giam cudng do cua hon hop vat lidu.

3.2. Nghién ctru d9 bén bé tong trong xir Iy
chét thai hat nhan

Xt 1y chit thai phong xa trong cac kho chira
dia chat sau dugc thiét ké thanh nhiéu 16p bao
v¢ nhu hop thép carbon, bentonite nén va 1ot
bé tong (Hinh 4). Sy 6n dinh va hiéu suit lam
viéc lau dai cua hang rao bentonite co thé bi

[ KHOAHGE
anh huong boi cac san phim in mon két tha &
giao dién tiép xuc gita hop thép
carbon/bentonite va diéu kién kiém cao tai
giao dién bentonite-bé tong. Ngoai ra, sy 16p
dat sét ngoai cung ciing c6 thé bi anh hudng
boi cac d6 kiém cao & giao dién dt sét va bé
tong. M6 hinh nhiét dong luc hoc két hop véi
phuong trinh truyén chit ¢d mé phong co ché
van chuyén phan tmg da thanh phan khong
dang nhiét cac twong tac dai han (1 triéu nim)
gita bentonite dugc nén cung vdi cdc san
pham dn mon cta dng thép carbon, 16p bé tong
clia hang rao chat thai phéng xa trong moi
truong dat sét.

Hinh 4: So do hé théng nhiéu I6p bdo vé cia kho
luw trik chat thai hat nhén trong dat sét [16].

Dya trén mé hinh nhiét dong luc hoc Alba
Mon vé nnk [17] d4 cho thay céc kich ban thay
d6i thanh phan khoang hoa ctia 16p hop thép
carbon, 16p bentonite, 16p bé tong va 16p dat
sét ngoai cung sau 1000 ndm va 1 tri€u ndm
(Hinh 5). D6 bén cua cac 16p bao vé chét thai
hat nhan c¢6 y nghia tuyét ddi quan trong, vi
didu nay anh huéng dén do an toan cua cong
trinh, viéc suy giam hiéu suat cac 16p vat liéu
bao vé co thé gy ra viéc ro ri chat thai hat
nhan ra moi trudng. Do do viéc nghién ctru do
bén cua cac 16p bao vé nay 1a hét stc quan
trong. Tuy nhién c6 thé thiy rang do bén cua
cac 16p bdo v¢ nay xét & thoi gian sau hang
tram ndm. Viéc thyc hién cac nghién cuu thi

TAP CHi KHOA HOC VA CONG NGHE THUY LO'I SO 58 - 2020 67



[ KHOAHOC
nghiém bang md hinh vat 1y 1a gan nhu khong
thé. Bﬁng mo hinh nhiét dong luc hoc Kkét hop
md hinh truyén chét cho két qua 1a cac khoéng
c6 tinh chat co hoc ban dau bi hoa tan phong
hda sau 1 tri¢u nam, vi dy C-S-H, lam gidm d¢
bén co hoc cua 16p bé tong bao vé. Do vay,
viéc du doan do bén cac 16p bao vé bﬁng cong

cu mO hinh, md mo6 hinh nhiét dong lyc hoc
két hop mo hinh truyén chat, 1a céng cu duy
nhit dé nghién ctru van dé ndy. Y nghia cua
moO hinh nhiét dong luc hoc la rat 16n trong
viée du doan do bén cac cong trinh xdy dung
bang xi ming hay cac vat liéu khac nhu: sit,
bentonite va dat sét.

Hinh 5: So' d6 hé thong nhiéu I6p bdo vé ciia kho heu trit chat thai hat nhan trong dat sét

4. NGHIEN CUU THIET KE CAP PHOI
PAT CO SU DUNG PUZZOLAN TU
NHIEN, XI MANG VA VOI

Nguyén va nnk [18] da thanh cong sir dung md
hinh nhiét dong luc hoc dé thiét ké cap phdi
gia cd dat basalt. Cip phdi nay co sir dung
puzzolan ty nhién khai thac tai Dak Nong, voi
va xi mang. Bﬁng vao mo hinh nhi¢t dong luc
hoc, ham lugng khodng C-S-H va C-A-S-H
ctia ting cap phdi di duoc du doan cho timg
loai cdp phdi. Biét ring khoang calcium
silicate C-S-H 1a khoang dong gép 1on nhit
cho kha nang cuong do cua vat liéu xi mang
(cuong do nén, cudong dod ép ché...) [19]. Do
d6, co ché ctia phat trién tinh chét co 1y ctia dat
gia cd phu thudc phan 16n vao ham luong C-S-
H va C-A-S-H.

Két qua cia md hinh cho thdy mé hinh nhiét
dong hoc co thé dy doan twong dbi gan dung
viéc phét trién cuong do cua dat gia ¢b theo
ham lugng puzzolan st dung, tir 46 mo hinh
nhiét dong hoc co6 thé str dung nhu mét cong cu
thiét ké cap phdi ban dau nham tim ra cap phdi
t6i wu khi sir dung puzzolan tu nhién cho dat
gia c¢b. Viéc tmg dung mo hinh nhiét dong luc
hoc vao nghién ctru thanh phan cép phéi gia cb

dat cling gan vdi nghién ctru vi¢e thuy hoa cta
cac chat ket dinh c6 tinh chat nhu xi mang bao
gom: puzzolan tu nhién, voi va xi mang.

2E-01 0.7

i 0.6
/\\\ 0.5

2E-0

ong diit gin b

g
& (L1 ‘o AN b4 £
g AP gl o v ST O SRR I
- #. . > 9~ N3z
¥ RE-02 /e 3 =
= —# - CSHHCASH md hinh s6 F
b ra & R 02 =
T g . - ® - CSH_md hinh =6
‘;_ VE-02 - — & —+— Cuimg 4§ nén thi nghi¢gm (Mpa) 0.1
= 5 .

Cuimg d ép ché thi nghigm {Mpa)

O0E+00 T y
a 5 10 15 20 25 30 35 40
Ham hegmg puzzolan ty nhién sir dyng trong 100 g dat gia cb (g)

Hinh 6: Ham luong C-S-H, C-S-H+C-A-S-H
mo phong, Cuong do nén (thi nghiém),
Cuong do ép ché (thi nghiém) theo khéi lwong
puzzolan ty nhién su dung [18]

5. KET LUAN

Bai bdo da gidi thi€éu dugc cac nguyén ly co
ban cua mé hinh nhiét dong luc hoc nhu céc
phuong trinh can bang. Viéc ap dung mo hinh
nhié¢t dong lyc hoc trong cac nghién cliru co
lién quan dén viéc st dung xi ming di phd
bién tren thé giéi. Dac biét 1a nghién ciru dnh
huong cua cac phu gia nhu tro bay, da voi khi
thay thé mot phan xi mang dén cac san pham
khoang thity hoa dugc tao ra. Piéu nay giup du
doan duoc anh huong dén cudng do cua cap
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phdi khi st dung timg ham lugng céc phu gia
nay. Ngoai ra anh hudng cta nhi¢t do tur
khoang 0 dén 60°C dén thanh phan thiy hoa
clia xi mang bén sunfate ciing da duoc nghién
cuu béng mo hinh nhiét dong luc hoc. Tuong
tac giita cac 16p bao vé chat thai hat nhan:
thép/bentonite/bé tong/ dit sét cling da duoc
nghién ctru bang viéc st dung mo hinh nhiét

[ KHOAHGE
dong luc hoc. Do vay, m6 hinh nhiét dong luc
hoc hoan toan c6 thé dap ung nghién ctru qua
trinh thuy héa cua xi mang hay cac vat li¢u co
tinh chit xi ming nhu voi, puzzolan tu nhién
trong dat. Trong gidi han bai bao méi chi trinh
bay tong quan nhét vé nguyén 1y ctia mo hinh
nhiét dong luc hoc do vay can ¢o nhiing trinh
bay chi tiét hon trong céac bai bao tiép theo.
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