KHOA HOC CONG NGHE

sU DUNG MO HINH BIA HOA HOC BE MG PHONG
MO HINH TAD PHUC BE MAT TUONG TAC GIUA BE TONG
VA LOP MANG CHONG THAM BENTONITE

TOM TAT

Trén Van Quan'

Cic cong tonh ngam bé (ong, nhur him ngdm metro, ting ngadm nha cao ting thudng sir dung mang
bentonite dé xir Iy chéng thdm cho cong trinh. Véi mé1 truong kuém cao ciia bé tong ¢ thé 1am thay déi tinh
chit bentonite, anh huomg dén dd bén cla he théng rao cin nhiéu 16p. Trong nghién ctu ny, twong tic
giira bé tong/bentonite duge thyc hién, cong nhu anh huéng cia nhiét do dén tuong tac nay. Do kiém cao
cta bé tong 1am tdng pH cia moi truomg bentonite gay ra két tia khodng analcime & 25°C, tuy nhién diéu
ndy khéng dugc quan sat thdy trong két qua mo phong & 50°C. D6 én dinh ctia khoang chit & 50°C cao hon

& nhiét dg thuong 25°C.

T\t khéa: Cong trinh ngdm, bé tong, bentonite, mo hinh dja hoa hoc, anh hudng nhiét dg, chdng thim.

1. M0 BAY

Sy phat trién ha ting manh mé nhu hién nay ¢
c4c thanh phé lon doi héi viéc tan dung té da dién
tich khéng gian, do dé cac khéng gian ngam duoc sir
dyng rat nhiéu trong cac cong trinh xay dyng tir cac
cong trinh nha cao tang dan dung, cung nhu cic
cong trinh ngdm nhu tau dién ngdm [1]. Két cau beé
tong duge sir dung chu yéu cho cac cong trinh nay,
do do, cac két cau bé tong thuéng phai ddi mat voi
vin dé thdm tir nuoc dudi dat. Dé chong thim cho
cac két cau bé tong, mang chong tham bentonite
thutmg duge sir dung lam 16p dém chéng thim cho
két cdu bé tong. Tuy nhién, dung dich 16 rong be
téng xi mang co tinh kiém cao (pH ~ 13,5) gay ra cac
phan img phong héa mang chéng tham bentomte [2-
5]. Bé tong khi ti€p xtic véi méi truong c6 pH thap
nhu trong bentonite (pH ~ 7) gay ra viéc xudng cip
lop bé tong. Hai co ché chinh xay ra khi pha hiy lép
bé téng ta (1): rra tréi ion Ca'®va (2): phan tng voi
dung dich bén ngoai xam nhap tao ra mot chuéi cac
phan ¥mg hoa tan cAc khodng thuy héa xi mang. Doi
vé1 hé théng rao can nhiéu 16p: bé tong/lép mang
chong thim bentonite, giai doan dau tién cla sy pha
hiy gay ra boi tinh kiém pH cao cua bé tong dac
trmg boi sir hoa tan montmorillonite trong lop mang
chéng tham bentonite. Trong dai han cac khoang
portlandite trong bé tong sé bi hoa tan kéo theo vigc
fra troi ion Ca”. Viéc pha huy bé tong va mang
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chéng thdm vé lau dai se gay anh hudng dén kha
ning chéng thim va lam viéc cla cong trinh, do do
nghién clu tuong tac gira bé tong va lop mang
chéng thdm bentonite giup lua chon cac diéu kién
vat liéu thiét ké bé tong, tir d6 cai thién kha nang lam
viéc ctia hé théng bé tong va lop mang chéng thim
bentonite.

Tuong tac gira bé tong va mang chdng thim
bentonite d3 duge thyc hién bang cdc mé hinh sé
trong mot s6 nghién ctru {2-5]. Tuy nhién, cac mo
hinh nay da khong tinh dén su twong tac cac ion vér
bé mat khoang C-S-H 1a khoang chii yéu cua xi
ming thily hoa, c6 thé anh huéng dén két qua sé
ctia mé hinh. Tuong tac giira cac ion va bé mat
khoang C-S-H da dugc gidi thiéu thanh cong trong
nghién ctru cua Tran va nnk. [6-14]. Do d6, trong
nghién ciru nay moé hinh dia héa hoc sé duoc phat
trién tur cac mo hinh truéc d6 bang viéc két hop mo
hinh tao phirc bé mat dé ma phéng qua trinh phan
img gifra cac ion va bé mat khoang C-SH. Co sd ly
thuyét cia mé hinh bao gém co s¢ dir liéu nhiét
dong, thong s dong hoc, kha nang trao ddi cation
va mé hinh tao phirc ion bé mat C-S-H sé duoc trinh
bay trong cac phan dau tién. Pang théi, cac tuong
tac bé tong/bentonite & hai nhiét do 25°C va 50°C
trong mot nam va anh huong cua thay doi he so
rdng dén qué trinh tuong tac bé téng/bentonite sé
duoc trinh bay trong bai bao nay.
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2. GIDI THIEU CONG Ct MO PHONG VA CAC G1A THIET CUA MO
HINH

Mo hinh dja héa duoc 4p dung thanh cong trong
céc nghién ciu khac nhau vé do bén be tong [6-14].
Bai toan tuong tic bé tong/bentonite duge mo phong
dua vao phan mém Toughreact [15]. Pay 1a bai toan
mot chiéu va trong diéu kién bao héa nuée. Chi co sy
khuéch tan dugc tinh dén viéc van chuyén cac 1on.

Cic co ché chinh trong quéa trinh mo phong trong
tac gira bé tong va bentonite dupe sit dung 1a: trao
d6i cation giira bé mat khoang manunonllonit'e co
trong bentonite, can bang nhiét dong hoc va toc do
phan tng theo ly thuyét déng hoc.

3.CO 80 LY THUVET MO HINH BIA HOA HOC

3.1 Co s& dit liu nhiét dong hoc can bing

Biang 1. He sd cAn bing ciia cAc phin img & T = 25°C va 50°C

Mineral logKorc | logKene
Jennite+2.33H* —1.67Ca* + HSiO,” +2.76H,0 19,53 17,32
Tobermorite +0.66H* — 0.83Ca™ + HSiO, +1.16H,0 0,63 0,38
Entringite +12H" — 2AI* +6Ca* +3S0;” +38H,0 56,67 50,26
Hydrotalcite +14H* — 4Mg™ +2AI"* +17H,0 74.68 63,77
Portlandite +2H* — Ca®* +2H,0 22,76 20,40
Goethite +3H* — Fe* +2H,0 0,36 0,77
Monosulphate +12H* — 4Ca” +2AI" + S0 +18H,0 72,44 62,64
Si—hydrogarnet + [|1H* — 3Ca** +2AI" + HSiO* +8H,0 60,61 5146
Friedel —salt +12.05H* — 2A1* +4Ca™ +1.95CI" +16.05H,0 74,75 55,51
Kuzel - salt +12H* — 2A1* +4Ca™ +ClI” +0.550,” +18H,0 73.24 54,37
Calcite+H*' — Ca*' + HCO; 1,8470 | 0,7856
Cristobalite(alpha)+2H,0 — H, SiO, -3,1604 | -2,5340
Albite +4H* +4H,0 — Al* + Na* +3H Si0, 29962 | 0,1756
Montmorillonite(MgK)+6H" +4H,0 —
2,8141 | -1,8289
1L66AI™ +0.34K* +0.34Mg™ +4H SiO,
Analcime+3.96H +1.04H,0 — 0.99AI*" +0.99Na* +2.01H,Si0, 66444 | 31516
Brucite+2H+— Mg* +2H,0 17,1094 | 13,1486
Saponite—Mg +7.36H* +2.64H,0 — 0.34AI™" +3.17Mg™ +3.66H ,Si0, 28,7937 | 19,5146
Quartz +2H,0 - H,SiO, 3,7372 | -2,9473

Co s¢ dir lieu nhiét dong luc hoc duge tao béi
Viéen Khao sat Dia chat Phap BRGM [16] dugc chon
dé str dyng trong mé hinh dia héa hoc. Bang 1 cung
cfp tat ca cac chi tiét lien quan dén dur liéu nhiét
dong hoc cla cac khoang duoc sir dung trong mo
hinh. Canxi silicat thity hoa bao gdm hai khoang voi
ty l¢ Ca/Si khac nhau 13 Jennite Ca/Si = 1,67 va
Tobermorite 0,83, duoc sir dung dé mé phong do bén
hoa hoc & giai doan dau cua bé tong. Cac kboang
thity hoa khac co trong bé tong la Eanngite.
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Hydrotalcite, Portlandite va Monosulfoaluminate.
Cac hop chat sét bentonite thanh phan chinh
Montmorillonite  92% trong luong, Cristobalite
(alpha) 2%, Albite 2%, Calcite 2% va Quartz (thach
anh) 1%.

3.2. Tham s4 téc d6 phan img

Céc tham s6 té¢ d¢ phan img duoc mé ta theo ly
thuyét cia Lasaga (17]. Tée d6 phan img phu thude
vao cic dhéu kién phin img: trang thar can bang, ap
suat, nhiét do. pH hoac nong do cic 1on. Téc dj phan
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img duoc g1 sir la twong ty nhau trong ca hai truéng

hep hoa tan va két tia. Cac tham s6 cua téc d phan

img dugc trinh bay trong bang 2.

Bing 2. Téc dj phan tmg k (mol/m?/s), dién tich bé
mat phin (mg A,, (m?/g) va ning hrgng hoat doog

(kJ/mol)
Khoang An k E,
Jennite 410 | 275x10"” | 396
Tobermorite 41,0 2,75 x 102 39,6
Ettringite 9.8 7,08x10% | 396
| Hydrotalcite Instantaneous
Portlandite 16.5 2,24 x 10®

Goethite Instantaneous
Monosulphate 5,7 6,76 x 10"
S1_Hydrogarnet Instantaneous

Kuzel's salt Instantaneous
Friedel's salt Instantaneous

Quartz 4,520x 10" | 90,1
Calcite Instantaneous
Cristobalite (alpha) | 0,0098 | 3,491 x 10** | 68,9
Albite 0.0098 | 2,754 x 10 | 69,8
Montmoriilonite 2,138 x 10" | 22,68
Analcime 6,310 x 10" | 10.8
Brucile 1,00x 10° | 58,58
Saponite-Mg 1,00x 10" | 41,84

vat liéu va cac phan tmg gitra cac ion nay va bé mat
khoang C-SH duoc dién ra (silanol =SiOH) xuat
hién. Sy hdp phu cac cation Ca®- Na'; K'; cac anion
CI va SO} trén 16p bé mat C-S-H da duoc tich hop
trong co s¢ dir liéu cia nhiét dong hoc phan img.
Chuing c6 thé duoc biéu dién bang cac phan img hap
phu (Bang 3). Cac hang sé can bing ducc ldy tir co
s& dir hiéu derge phat rién béi Tran va nnk. (7, 9, 11,
13).

34. Trao ddi cation trén bé mat khoang
montmorillonite

Kha nang trao déi cation la thé hién kha ning
mot s cation cé thé dugc gitr lai trén bé mat hat dat.
CAc nguyén tir tich dién duong duoc gitr lar trén bé
mat dién tich am, nhung cho phép cac ion tich dién
duong trao déi vén cac hat dién tich duong khac nhau
trong nuéc c6 trong 16 réng clia méi truomg dat xung
quanh. Kha nang trao dé1 cation 14 mét trong nhimg
hién twong héa hoc lam thay déi tinh chat cila dat
Bentonite c6 chira dén 92% khoang montmorillonite
do d6 sir trao dé1 cation ctia bentonite durgc thé hien
qua su trao déi cation ctia montmorillonite duoc trinh
bay trong béang 4.
Bang 4. Hé s6 can bing ctia phan (g trao ddi cation

Dién tich phan tmg bé mat C-S-H A, =500 m*/g
Mat do hap thy cia C-S-H 8¢g=8x10° mol/m*

Gia thiét hé s6 can bang logK,; (=logIsy c=logK

Trong vat lieu x1 mang, phan img vat ly va héa
hoc giira cac ion va bé mat khoang co Lhé xay ra, do
la qua trinh hap thy trén bé mit khoang. Nhimg
phin img nay chi yéu dién ra trén bé mat C-SH
trong méi truong bé tong. Khi khoang cua xi ming
thiy héa tuong fac voi cac dung dich dén tir mot
truong bentonite, cac anion va cation di chuyén qua
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3.3. M6 hinh tao phirc b& mat ctia Montmorillonite
R Cation exchange of Montmorillonite logKss ¢
Béng 3. Phuong trinh hédp phu trén bé mt C-S-H va K+ Nam K+ Na© 08
he s6 cin bing Ca” + 2Na— Ca + 2Na’ 0.7
Phuong trinh tao phirc bé mat log(K)| [ Mg? + 2Na— Mg + 2Na* 05
=SiOH & =Si0 + H* -12,7 Kha nang trao ddi cation cua
=S10H + Ca* — =Si0Ca* + H’ 9,4 Montmoritlomite = 90 meq/100 g
=SiOH + Cl & SiOHCI -0,35 4. KET QUA VA THAG LUAN
=SiOH + Ca® + CI « =SiOCaCl + H* 9,8 4.1. Tuong tic bé tong/bentonite tai 25°C
=SiOH + Ca2" + SO,* & =Si0CaSO, H* -85 Hinh 1, 2 va 3 1an luot cho thiy két qua mo
=SiOH, 1 + Na'(K*) « =SIONa(K) + H* 13,75 | phong: thanh phan khoang cua bé tong/bentonite &
=SiOH,,,..e. + Na (K?) — =SiONa(K) + H" | -12,66 25°C sau mét nam, su thay déi pH theo chiéu sau sau

mot nam va su thay déi cia thanh phan khoang bé
tong tai giao dién tiép xuc voi bentonite sau mét
nam.
Hinh 2 cho thay pH cua bé tong/bentonile trong
cac thoi diém khac nhau: 1 ngay, 230 ngay va 365
ngay. Do pH cao cua bé tdng, pH cta bentonite tang
tir 7.2 dén xap xi 9,0, Sur diéu chinh pH cua bentonite
gay ra sy két tua khac nhau cua khoang chit mor
nhir analcime va hinh thanh két tia calcite. Hon nira,
hinh 1 va 3 cho thay luong khoang ettringite wén bé
mat be tong duoc két tha. Voi thé tich mol lom.
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Etiringite trrong 04 lam gidm d¢ xdp ciia bé tong tuy
nhién c6 thé gay ra cac vi nit trong céu tric beé tong.
" p———— D6 réng
. #kuzel sall
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wrintobalie
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Hinh 1. Thanh phén kho4ng ciia bé tdng bentonite &
25°C sau mét n3m

ceentngdy
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Hinh 2. Thay ddi pH ciia bé téng/bentonite tai 25°C
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Thétich (%)

Hinh 3. Sy thay d8i ciia khoang bé tong theo thoi
gian & 25°C tai giao dién ti€p xtic véi bentonite
Hinh 3 cho thay su thay ddi cac khoang tai giao
dién bé (6ng/bentonite, trong d6 bao gom sur truong
no cha eltringite, hoa tan Monosulioalumunate,
Jennite (CL.GSH) tao ra sir két tia cua (CL1.2SH).
Portlandite. Goethite, Tobermorite va Hydrotalcite
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vin én dinh sau mot nam. Do rong giam Xap xi 89,(’
(d6 rdng duoc biéu thy phan mau tring trong bi€u do
hinh 3).

4.2, Tuong tac be tang/bentonite tai 50°C

Su thay ddi thanh phan khoang cua be
tong/bentonite tai 50°C duoc mo ta trong hinh 4 v
thay d6i pH tai 50°C dugc mo ta trong hinh 5. Két
qua mb phéng cho thay tuong tic bé tong/bentonite
tuong d8i thip. Sy thay déi pH trong phan bentouite
da khong xay ra, cong nhu viéc thay ddi thanh phan
khoang trong bentonite 1a rat thap. Doi véi bé tong,
chi c6 khoang Portlandite duge hoa tan, lam ting do
réng bé tong. O nhiét d¢ cao hom, sur thay déi ciia be
tong/bentonite cham hon tai nhiét d¢ binh thuong
25°C. O nhiét do 50°C cac khoang duomg nhur co sy
én dinh hon & nhiét do 25°C c6 thé giai thich théng
qua hing s6 can bing duoc li¢t ké & bang 1. Hang s6
can bling & nhiét do 50°C thap hon so voi hing sé can
bing & nhiét do 25°C.

—————— D3 rong

B kuzel salt
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istobuhic

" ualeie
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" u fnedel_salt
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® saponite(mg)

malbiteflow)
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Hinh 4. Thanh phda khoang ciia bé tong bentonite &
50°C sau mét nim

o

e o ()

Hinh 5. Thay déi pH ciia bé t6ng/bentonite tai 50°C
6. KET LUAN
Mot mé hinh dia héa bac g6m mo hinh phire tap
hé mat duoc phat trién dé nghién curu vé hrong tac be
tong/bentonite, van dé phé bién inh huéng dén do
bén ciia h¢ thong chong thdm trong xay dung dis
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dung, giao thong (hiam metro). Sy thay déi cac thanh
phan khoang ctia bé tong/bentonite xdy ra manh
hon & nhiét d§ 25°C so vé1 nhiét do 50°C. Phan tép
xiic bé tong/bentonite bi dnh hudng 16n nhat bai
dung djch ¢6 trong 16p mang bentonite. Didu nay
din tai viée hinh thanh Ettringite gay ra su truong
nd, sy hoa tan l6n cha cac khoang
Monosulfoaluminate, phong héa Jennite vai ty lé
Ca/Si=1,6 thanh C-S-H voi ty 1é Ca/Si=1,2 tir d¢ 1lam
giam d¢ réng. Tuy nhién véi viéc hinh thanh
Ettringite sé lam xuét hién cac vi nat trong 16p vo
bé tong gay anh hudng do bén hé théng chéng
thdm. Do vay, dé han ché hinh thanh Enttringite
thir cap gay pha hay két cau beé tong viéc sir dung
bé tong bén sunphat vén lugng C,A thap c6 thé lam
giam hinh thanh Ettringite thir cap, tang d¢ bén cho
hé théng chdng tham bé tong/bentonite.

K&t qua méi chi dimg lai & nghién ctu mé hinh
s6 cho mét nam do dé cén tién hanh cic mé phéng
v6i cac thoi gian lau hon trong cac nghién ciu tiép
theo.
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USING GEOCHEMICAL CODE FOR SURFACE COMPLEXATION SIMULATION OF
CONCRETE/BENTONITE INTERACTIONS

‘Tran Van Quan

Summary
Concrete underground construction, such as metro tunnels, basements of high-rise buildings often use
bentonite membranes to treat waterproofing works. The alkaline condilions of concrete can alter the
bentonite properties which effects on the durability of the multi-barrier system. In this paper, the
temperature effect on the alteration process of concrete/bentomte is invesligated. High alkaline of concrete
increase pH of bentonite media inducing analcime precipitation in an early stage at 25°C, however that is
not observed in the numerical results at 50°C. In higher temperatures, the stability of mineral at 50°C is

higher than at normal temperature 25°C.

Keywords: Underground constructions, concrete, bentonite, geochemical code, temperature cllect,

waterproofing works.
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