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Sy hinh thanh va phat trién cac tinh chat co hoc cua bé tong ngay tir khi bt dau tron dén khi dat cuong do
sir dung phu thudc rat 16n vao qua trinh thity hoa cac chat két dinh thanh phéan ciing nhu céc chat phy gia
khoang hoat tinh dwgc thém vao trong hd xi mang. Tuy nhién, ddnh gia mirc d¢ thity hoa ciia cac chat két
dinh nay trong qué trinh ninh két ctia bé tong 1a cong viéc hét strc kho khin do cac co ché phan tng hoa 1y
phirc tap & mitc do phan tir ctia cic thanh phan tham gia. Trong bao cdo niy, tic gia dé xuét sir dung mo
hinh s6 dé xac dinh mirc d¢ thiy hoa ciia xi ming théng qua viéc phén tich co ché phan tmg va do nhiét
lugng toa ra trong qua trinh thity hoa xi mang ciia cic mau thuc nghiém.

Tur khoa: mo hinh; thuy hoa; chét két dinh; ho xi mang

1. bat van dé

Hién nay, trén thé gi¢i ciing nhur tai Viét nam, xi ming duogc sir dung phd bién trong xay dung chu yéu
la xi mang Portland c6 thanh phéan chinh 14 clinker Portland, tic nhan tao nén tinh két dinh cua xi mang.
Xét veé ham lugng cac hop chét chinh, thong qua phuong phap phan tich cia (Bogue, 1952), it nhét 2/3 khdi
lwong cua clinker phai duoc cdu thanh béi cac khoang Alit (CsS) va Belit (C.S), phan con lai chua luong
16n ctia Aluminat Tricanxit (C3A) va Feroaluminat Tetracanxi (C4AF) ciing mot s6 khoang phu khac. Trén
thuc té, qua trinh thily hoa xi mang chinh 1a cac phan img hoa tan cac hop chét trén nhim tao ra pha két
dinh chu lyc C-S-H va CH (Canxi hydroxit). Trong cac nghién ctru (Taylor, 1990; Adenot, 1992; Vernet,
1994) cac tac gia da dé xut cac ty 1¢ phan tmg khac nhau tiy thudc vao ty 1¢ C/S trong xi mang. Thily hoa
Xi méang la qua trinh tiéu thy nudce va toa nhiét, kém theo do la cac co ché phirc tap vé can bang nhiét va
cén bang thuy luc gitra cac pha (Lacarriére, 2007). Qua trinh nay c6 y nghia quan trong dén sy hinh thanh
va phat trién céc tinh chét co hoc cua hé xi mang ngay tur khi bét dAu tron den khi dat cuong do st dung.

Tuy nhién viéc xay dung mdi lién hé giira toc d6 thuy hoa va sy phat trién cac tinh chit co 1y cua ho xi
mang la hét sirc kho khin do cac co ché phan ung phuc tap ¢ cép d6 phan tir cling nhu viéc quan sat va do
dac cac dai lugng doi héi phai c6 phuong tién thi nghiém hién dai (Lei, 2006). Huéng dén viéc khic phuc
nhiing khé khan nay, viéc xay dung cac md hinh s6 cho phép du doan tde do thuy hoa cting nhu sy hinh
thanh cudng do cua hd xi ming 1a mot huong di phu hop voi xu huéng nghién ciru chung hién nay trén thé
gi6i trong d6 wu tién sir dung cac cong cu sd dé tdi wu hoa viée tinh toan ciing nhu tiét kiém chi phi thuc
nghiém (Avrami, 1939; Copeland et al., 1960; Gutteridge and Dalziel, 1990a; Gutteridge and Dalziel,
1990b; Roelfstra and Salet, 1994; Humbert, 1989; Waller, 1999; Lacarriére, 2007). Trong bao cdo nay, tac
gia trinh bay vé co ché va khai niém mirc d¢ thity hoa xi ming ciing nhu dé xuat sir dung mo hinh sb ctia
(Lacarriére, 2007) dé xac dinh murc d6 thuy hoa ctia xi mang thong qua viéc phan tich co ché phan tmg cta
cac chét két dinh thanh ph?m. Céac thong s6 dau vao ctia md hinh duogc xac dinh dya vao viéc phan tich
thanh phan hoa hoc cuia loai xi méing sir dung ciing nhu két qua do nhiét lugng toa ra bing binh Langavant
trong qua trinh thity hoa xi mang clia cAc mau thuc nghiém.

2. Mirc d¢ thiay héa cia xi mang va phwong phap xac dinh mirc do thiy héa
2.1. Thiiy héa xi mdng va cdc phdn wng pozzolanic

San phim chinh ctia qua trinh thity hoa clinker xi ming 14 cac chit két dinh tuyp C-S-H (xem Bang 1) va
mot sb san pham két dinh khac chira oxit nhém va oxit sat. Ngoai ra con c¢6 san pham phu CH (canxi
hydroxit), ddy 1a hop chat khong 6n dinh khi do pH trong bé tong nho hon 12,5 va ¢é thé bi hoa tan trong
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nude, dan toi giam d¢ on dinh va do bén clia bé tong. bé cai thién cuong do bé tong, cod thé giam bot ham
lugng CH bang cach tron thém cac phu gia khoang hoat tinh nhur tro bay, mudi silic, xi 16 cao, ... Cac phu
gia khoang nay d&u co tinh pozzolanic - tinh chit ciia cac hop chit chira oxit silic c6 thé phan ung voi canxi
hydroxit- va s& phan tmg véi CH dé tao ra cac chét két dinh 6n dinh, qua do cai thién cuong do va do bén
cua bé tong. Cac phan trng nay dugc goi chung la cic phdn tng pozzolanic (xem Bang 1). Luu y réng trong
c4c phuong trinh phan tng ciia C3A va C4AF c6 su xudt hién ciia hop chdt CSH , hay con goi la thach anh.
Day 1a hop chét thuong dugc thém vao trong thanh phan xi ming nhiam tang mtrc d6 hinh thanh C-S-H va
giam ham lugng CH dugc tao thanh, qua d6 ting cuong do cho bé tong.

Bdng 1. Phuwong trinh phdn iing thity héa cdc hop chat trong clinker xi mdng va cdc phan img pozzolanic

Phdn vrng thuy héa clinker xi mang Phdn rng pozzolanic
CS+(L3+y)H —C,,SH,+1,3CH + 0, S+xCH+yH —C,SH
C,S+(0,3+y)H —C,,SH +0,3CH + 0, A+3CH +3H — C,AH,

C,A+CSH, +xH —> (C4A§H12,C6A§3H32, C,AH, ) +0Q, | A+S+2CH +6H — C,ASH,

C,AF +CSH, +xH — (AFm,AFt,C{A,F}H)+Q | A+xS+3CH +(y-3)H — C,AS,H,

2.2. Murc d¢ thiy héa xi mang — khdi niém va phwong phap xdc dinh
Mirc d6 thuy hoa xi mang tai thoi diém t duoc xéc dinh bang ty s6 gitra khdi lugng xi miang da hoa tan
hoan toan va tong khoi lugng xi mang khan ban dau (t=0) :
t m, (t
Ol(t) Ch( ) _1_ can( ) (1)
m,_ (t=0) m,_ (t=0)

can can

Trong d6: me(t) - khdi lugng xi ming da hoa tan tai thoi diém t
Mean(t) - khoi luong xi méng khan con lai tai thoi diém t
Mirc d6 thay hoa co thé dugc xéac dinh thong qua phuong phap phén tich hinh anh MEB (Lei 2006,
Lacarriere, 2007) nham tryc tiép xac dinh ham luong chit khan con lai. Ngoai ra c6 thé sir dung mot s6
phuong phap gian tiép nhu do nhiét lvong téa ra trong qua trinh thuy hoa, do ham lwong nuée lién két .
dé xac dinh a(t). Vi phuong phéap do nhiét toa ra, mirc do thiy hoa duoc xac dinh boi phuong trinh:

)=20 &

max

a(t

Trong d6: Q(t) 1a nhiét lugng toa ra tai thoi diém t
Qmax 12 nhiét lugng tda ra khi thiy hoa hoan toan
2.3. Co s6 Iy thuyét va mé hinh tinh todn mirc dp thity héa bting phwong phdp do nhiét lwgng téa ra
Trong diéu kién noi sinh, qué trinh thity hoa cac chét két dinh trong xi mang ciing nhu céc phu gia khoéng
hoat tinh 1a mot qua trinh ti€u thy nudc va toa nhiét, kém theo d6 1a céac co ché can bé’mg nhiét va can béng
thity luc giita cac pha. Sy thay d6i luong nudc va nhiét do bén trong khbi bé tong khi thiry hoa s& lam thay
ddi qua trinh thily hdéa dong hoc cia cac pha thanh phén (hoat dong thuy hoc va hoat dong nhiét hoc). Nhu
vay, md hinh qua trinh thiry hoa dugc xay dung dua trén cac phuong trinh mo ta sy phat trién ciia mirc do
thity hoa, ham lwong nudc, va nhiét d6. Theo (Lacarriére, 2007) phuong trinh mo ta quy lut phat trién ctia
mirc d6 thiry hoa duoc dé xuat dudi dang ham s6 cua cac hé sé anh hudng nhu sau:
G, =4 -¢,(a, )., (1, ) b (T) g, 3)
Trong d6: Ai-hé s6 diéu chinh ciia mé hinh dwgc xac dinh tir thuc nghiém; ci(o, W) - hé sb hoat dong hoa
hoc; hi(T) - hé s6 hoat dong nhiét hoc; gi - hé s6 hiéu ng cua phan tng pozzolanic; ITi(rmi) - hé s6 hoa tan
(biéu dién kha ning nudc co thé tiép xtc vai cac hat khan)
Luu ¥ rang phuong trinh (3) dugc viét dudi dang tong quat cho timg pha chét khan riéng biét. Trong truong
hop chi c6 clinker thi i=1, néu c6 thém phu gia khoang thém vao thi trong tng v6i ting pha khan cho thém
i=2...n. Céac hé sb trong phuong trinh (3) dugc xac dinh nhu sau
e H¢ sé hoat dong hoa hoc:
¢, = VAndissi _ a; - (mAnl /pAnl) (4)
Vi Vi
Trong d6: Vi - thé tich nudc ban dau; may; - khdi lugng ban dau ciia pha khan thir “i”; pan; -
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khdi lugng thé tich ctia pha khan thir “i”; V angiss i - thé tich ctia pha khan thir “i”
e H¢ sb hoa tan:
— n;

IT, = exp(Bi “F ) %)
Trong d6: Biva n; - hé s6 cua mo hinh xéc dinh tur thyc nghiém; rm; - ham s6 hoa tan (hay con
goi 1a ban kinh hoa tan) dugc xac dinh boi nong do nudce, do rong va ndng dd cua cac chat la
san pham cua qua trinh hoa tan:

- CPhydr,- '(l/q)P)

= — ©6)
CP anh ; ’ WP
Trong d6: Wp — ndng d6 nudc trong hd xi ming; ®p — d6 rdng ciia hd xi mang:
(DP = 1 - Z(CPhydri + CPanhi) (7)

1
Vi Cphydri V@ Cpanh i NOng do thé tich cta cac chat 1a sdn pham cua qua trinh hoa tan pha khan
thtr “i” va nong d0 thé tich cia céac chat khan tht “i”:

Cppp =R .Q_M Cppar, =R, .aiM )

hydr; i i

paste ;,; paste j;

Trong d6: R; — Ty 1& thé tich giira cac chit hoa tan di tao ra va cac chit khan thtr “i””; Vipase — thé
tich ban dau ctia h6 xi mang (nudc + cac chat khan)
e Hé so6 hoat dong nhiét hoc:

E
h. =exp| —- ©)
RT
Trong d6: E,; — Ning luong hoat dong ctia pha khan thir “6”; R — Hang s6 khi 1y tuong (8,314

J/mol.K)

e Hg sb hi¢u irng caa phan ing pozzolanic: . .
gi=Cpcu néuphakhan la cac phu gia khoang (Cy cu 1a ndng d6 canxi hydroxit cua ho xi mang)
gi=1 néu pha khan la clinker xi mang

Trong hinh v& dudi day, trinh bay so d6 t6 hop tinh todn céc h¢ s6 ciing nhu téc do thiy hoa ¢, cuia mdi
pha khan (Hinh 1). Luu Iy ring tit ca cac tham s6 dau vao trong mé hinh (trir ham lugng nudc) déu duge
hiéu 1 cho timg pha khan riéng biét thir “i”.

|- T T 1 (Bt [ R

|
|
] r3
- '|—‘|1 H¢ so hoat dong hbéa hoc r
Nuéc X ¢ at dong 0

Ham lrong nudc

Ham lugng chat khan

1
Luwong chit khan con lai :
|
]

‘v oga 1 R - \ Luwong chit hoa tan tao ra
> o N N P Y
ly I¢ thé tich hoa tan/ H¢ s6 hoa tan |

chat khan : R; 1
I
1
|
1
| .
: H¢ s6 hoat djng
T
I
I
I
|
I

Ty trong chat khan

DO rong tao ra

Hé sé diéu chinh B, n, |

ctia chét khan E, nhiét hoe u

Luong CH dugc tao ra

A A - N HA £ h.. ”
hoic tiéu thu boi céic —I( anxi Hydroxit (CH) }—;—'— ‘;;::u:)f:n:“g —

chét khan

)
1
1
1
1
'
)
Nang lugng hoat hoa 1
1
1
]
1
]
1
]

I Hé sb diéu chinh Ay !

Anh hréng djng lire
dén qua trinh thiy héa

Nong dé thé tich

trong ho xi ming

]
]
]
]
1
]
1
]
Tham s0 diau vaoe .
]

Hinh 1. So' do mé hinh tinh todn toc do thity héa tir cdc tham sé dau vao

Céc budc tong quat nham xac dinh céc tham sd dau vao ctia mé hinh trén (8 tham sd) dugc gioi thiéu trong
Hinh 2. Trong so d6 nay, viéc xac dinh cac hé so Aj, Bi, ni dugc thyc hién thong qua thi nghiém Langavant
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(Lacarriere, 2007), trong khi viéc xac dinh cac tham s6 khac dugc gidi thiéu chi tiét trong (Nguyén Trong
Diing, 2008).

Ham lugong nuéc

4' Cb dinh béi cip phéi eiia miu tron |

Ham lwgng chat khan

Ty trong chét khan

Ty I¢ thé tich hoa tan/ chiit Clinker Phy gia khodng

khan R; Tinh toan theo phin tich Tinh toan hoic
thanh ph?m héa hoc cua tham khao tai

Lwgng CH dugc tao ra hojc Bogue (C;S,C,S,C;A, lidu

tiéu thu béi cac chat khan C,AF) ’

Ning lwgng hoat héa cia chét
khan E_;

| Hé¢ 0 diéu chinh A B n I——‘ Diéu chinh béng thi nghiém Langavant I

Hinh 2. So do xdc dinh cdc tham sé dau vao (Nouyen Trong Diing, 2008)

2.4. Thi nghiém Langavant va cdch xdc dinh cdc hé so diéu chinh ciia mé hinh

Phép do nhiét lugng (calorimetry) 1 mot phuong phép tuong d6i don gian, dé thyc hién va la cong cu
dac lyc trong viéc nghién ctru qua trinh thity héa ngay tir nhitng gio dau tién sau khi tron mau (0-72h). Dya
trén cac nguyén 1y nhiét dong hoc, viéc do nhiét lugng toa ra dugce thuc hién theo 1 trong 2 diéu kién sau:
diéu kién doan nhiét (adiabatic) hodc dang nhiét (isothermal). Phuong phap gidi thi¢u trong bai bao nay la
mdt phuong phap két hop - phuong phép ban doan nhiét (semi adiabatic) hay con duoc goi 1a phwong phap
Langavant (Lacarriere, 2007). Mau tron v6i cap phdi duoc di biét duoc dwa vao hop Langavant (Hinh 3)
ngay sau khi tron, su bién ddi nhiét d6 trong binh s& dugc ghi nhan ty dong nhd vao mot thiét bi ndi truc
tiép v6i may tinh va thong qua tinh toan cho ta xac dinh dugc lugng nhiét toa ra theo thoi gian ciia mau.
Tuy theo loai xi ming, nhin chung, nhiét lugng téa ra la tir khoang 200 — 500 (J)/ 1g xi mang. Phan 16n
lugng nhiét ndy s& duoc tao ra trong nhirng gio dau tién, sau d6 giam dan nhung van duy tri trong thoi gian
dai dén khi két thic qua trinh thuy hoa.

~ Gioang

 Niit day
Binh Dewar
Mu trén

Vo

(@) walosimetre

Hinh 3. Cdu tao hép Langavant (Lacarriere, 2007)

Nguyén ly tinh toan nhiét lugng tda ra Q 1a nguyén ly ap dung cho hé doan nhiét:
0,=0,+9, (10)

Trong d6 : Qq - Nhiét tht thoat trong qua trinh do do doan nhiét khéng hoan toan (xac dinh theo thong s6
k¥ thuat kem theo ciia may do); Qa - Nhiét téa ra ma may do dugc, Q.=Cp.AT véi Cp 1a nhiét dung cua hé
va AT la chénh 1&ch giita nhiét d ban dau va nhiét d6 & thoi diém do.
Nhiét dung ctia hé¢ Cp dugc xac dinh boi cong thirc sau:
C,=C,, +C,, (11)
Trong d6: Cpm 1a nhiét dung cua may do, duoc xac dinh boi thong s0 k¥ thuat kém theo ctia may; Cp, 12
nhiét dung ctia mau, xac dinh bdi cong thirc sau:
Cpo=Cpy M, +Cp M, +Cp -M, (12)
V6i: Cpxi , Cen , Cpp lan lurgt 12 nhiét dung riéng ciia xi mang, nudc, phu gia cho thém trong mau. Trong bao
cao nay Cp=0,75(/g°C), Cpy=0,7(J/g°C) va Cpn=3,76(J/g°C); Mxi, M, M, lan luot 1a khéi lwong xi ming,
nudc, phu gia cd trong mau (theo cip phdi). i
Dua trén két qua do va tinh toan nhu trén, chiing ta c6 thé xac dinh nhiét lvong toa ra theo thoi gian cua

Pe — “Pxi
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mau, va qua dé xac dinh duge murc d6 thiy hoa tai ting thoi diém thong qua biéu thirc (2).

Céc hé sb didu chinh cua md hinh A;, B; va n; dugc xac dinh bang xap xi ham trong Excel theo phuong
phéap binh phuong t6i thiéu. Chon cac gia tri bat ky cho A;, Bi va n; va sir dung cac céng thirc tinh toan theo
dung trinh ty nhu trong muc 2.3 dé xac dinh duoc toc d6 thiry hoa o, tuong Umg. Biét nhiét luong téa ra sau
khi thuy hoa hoan toan Qmax (do bang may), ta dung biéu thirc (2) dé xac dinh biéu dd Q(t) theo thoi gian.
So sanh hai dudng biéu dlen nhi¢t lwong toa ra (tinh toan theo mo6 hinh va do tir thi nghiém Langavant) va
st dung phuong phap xap xi ham dé tinh A;, B; va n; sao cho su sai khac giira 2 duong biéu dlen 1a nho nhét
(Hinh 3). Khi sai s6 nam trong gidi han cho phep, gia tri A;, Bj n; nhan dugc chinh la cac hé s6 diéu chinh
ctia md hinh (Chi tiét xem trong (Nguyén Trong Ding, 2008)).

oy
SOQ(J'N

4 + Langavant
— Modéle
v

400

* .
ar® AT e ¢ ¢

350 . ]

300

250

Temps (h)

0 10 20 30 40 50 60 70 80 §0 100
Hinh 3. Nhiét luong toa ra theo thoi gian sau khi diéu chinh cdc hé 56 [12]

3. Két qua va thao luin
Trong béo cdo ndy, tac gia nghién ctru mirc do thity hoa cia mau hd xi ming dugc ché tao tir xi ming
CEM I - 52,5R (Phap) véi ty 1€ nudce/xi mang dugce chon 1a E/C=0,5. Thanh phﬁn hoéa hoc cua loai xi mang
nay dugc cho trong Bang 2 va ty 1¢ phan trim cac hop chat theo phan tich ctia Bogue (%) lan luot 1a C5S
=60,75; C2S=12,17; C3A=10,04 va C4AF=6,87.
Bdng 2. Thanh phdn héa hoc ciia xi mang CEM [
CaO Si0, ALO; Fe O3 SO3
64,66 20,20 5,23 2,26 3,69

Céc thong s6 cua mo hinh duge xéac dinh theo (Lacariere 2007) nhu sau: Qu' = 453,9 ((J/g); Ea/R= 5669
(K); Qun"™ =0,33(g/g); Qe =0,27 (g/g); R(m*/m’)=1,85 va p=3,153 (g/cm’). Dya trén ket qua do nhiét toa
ra bang binh Langavant (xem Hinh 4a), sir dung phuong phap xap xi ham binh phuong t6i thleu ta xac dinh
dugc cac hé sb didu chinh ctia mé hinh A(1/h)=1,88.10% B=3,147 va n=0,246. Sy phat trién mirc d¢ thiry
hoa theo tinh toan dugc biéu dién trong Hinh 4b. C6 thé théy téc d6 thuy hoa dién ra manh mé trong nhiing
gidr dau tién sau khi tron va dién ra chdm hon khi mau dat do tudi 14 ngay. Sau d6 qué trinh dién ra cham
cho dén khi gin nhu khong d6i & tudi 28 ngay. Mirc d6 thiy hoa tbi da dat gin 95%. Két qua cho thiy mo
hinh s6 3 md phong kha tot mirc d6 thiy hoa dién ra thyc té trong mau hd xi méang thi nghiém.

Qg 1.00
00— —— 0%
0.80 O
D ——— - 7 070 4
200 — = Ximing (Langavant) - — 0.60 /
0.50 ¢
— Xi mang (Mé hinh —o=Alpha Xi man
sS04 - _ g (M ) 0.40 Ipha Xi méng
0.30
100 1 T T T T T T T T T T 0.20
50 4l — ] 0.10
..I Théi gian (h) 0.00 T r (ngay)
o= : ; : , ; ; 0 0 20 30 40 S0 60 70

0 20 40 60 80 100 120

(a) So sanh nhiét lugng toa ra gitra mo hinh sau khi | (b) Su phat trién cua mirc d6 thiy hoa theo thoi
da hi¢u chinh va két qua thi nghi¢ém Langavant gian ctia mau hd xi miang
Hinh 4. Mirc d6 thuy hoa cua mau ho xi mang CEM 1 vaoi ty Ié nudc/xi mang = 0,5.
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4. Két luan

Trong bio cdo, tac gia da gisi thidu tdng quan vé co ché thuy héa clinker xi méing ciing nhu cac phu gia
khoang hoat tinh tron thém. Mirc d6 thity hoa cac chat két dinh thanh phin trong hd xi ming duoc xac dinh
nho mét mo hinh b xay dung dua trén viéc phan tich co ché phan tng va tinh toan céc tac nhan anh hudéng
nhu hé sb hoat dong hoa hoc, thiy hoc va nhiét hoc. Cac hé s6 diéu chinh ciia mé hinh dugc xac dinh nho
phuong phap do nhiét lwong toa ra trong qua trinh thiy hoa bang thi nghiém Langavant. Két qua tinh toan
dua trén do dac thyc nghiém v6i mau hé xi ming ché tao tir xi mang CEM I - 52,5R cho thdy mé hinh da
mb phong kha tét mirc do thity hoa dién ra trong thuc té.
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ABSTRACT

Modeling of hydration degree of adhesive compositions in cement
paste

Nguyen Trong Dung!
! Hanoi University of Mining and Geology

The evolution of the mechanical properties of concrete from the early depends strongly on the hydation
process of the adhesive compositions as well as the admixtured mineral in cement paste. However, the
estimation of hydration degree of these adhesive compositions during the hardening process of cement paste
is difficult due to the complex physico-chemical mechanism at the molecular level. In this report, the author
introduce a numerical model which allow to determine the hydration degree of the adhesive compositions
in cement paste by analyzing the reaction mechanism and measuring heat generated during the hydration
process of experimental specimen.

Keywords: modeling; hydration; binder components; cement paste.
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