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DEN DO CO HOA HQC VA NHIET THUY HOA CUA VUA TY
SAN PHANG SU DUNG CHAT KET DINH ETTRINGITE
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Tém tat: Co hod hoc ctia vat liéu xi méng cé lién quan dén suw thay déi thé tich & tudi sém cla viva va bé
téng, vi vay viéc xac dinh chinh xac dd co héa hoc cé y nghia quan trong trong viéc phan doan va phong
ngtra hién tuong nit & tudi sém cua vat liéu st dung xi méng. Trong nghién ctru nay, dé co hoa hoc cua vira
tw san phang st dung chét két dinh ettringite duwoc thuc hién bang phuong phap cén trong nuéc, sé liéu
duroc ghi lai ti déng va lién tuc dé lam co s& nghién ctru déng hoc qua trinh thiy héa cda chat két dinh. Két
qua nghién ctru cho thdy dé co héa hoc clia vira ti san phang st dung hemihydrate CaSO ,-0,5H.,0 nhé hon
S0 v&i céc cap phdi st dung anhydrite CaSO,, tuy nhién toc d6 thiy hoa theo thoi gian cia chét két dinh st
dung anhydrite lai dién ra nhanh hon so véi truong hop st dung hemihydrate.

Tir khéa: Vira ti san phang; chét két dinh ettringite; co héa hoc; nhiét thiy héa.

Influence of type of calcium sulfate on chemical shrinkage and heat of hydration in self-leveling
underlayments using ettringite binder

Abstract: Chemical shrinkage of cementitious materials relates to the early-age volume change of mortar
and concrete. Therefore, determining exactly the chemical shrinkage plays a significant role in predicting
and preventing early-age cracking in materials using cement as binder. In this study, the chemical shrinkage
of self leveling underlayment using ettringite binder is investigated by a buoyancy method, data was record-
ed automatically for studying the hydration kinetics of the binder. The results show that the chemical shrink-
age of self-leveling underlayerments using hemihydrate CaSO,.0.5H,0 is smaller than that of self-leveling
underlayerment using anhydrite CaSO,. However, the hydration rate of the anhydrite-based mixtures occurs
faster than that using hemihydrate.
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@ 1. Gi&i thiéu vé co ngét héa hoc

1.1 Gi&i thiéu chung vé co héa hoc

D co hda hoc duoc dinh nghia 1a sw gidm thé tich tuyét dbi ctia chat két dinh xay ra do qua trinh thay
héa, tirc tdng thé tich clia sdn phdm thiy hda tao thanh nhé hon tdng thé tich clia khoang tham gia thiy héa
va nwéc [1,2]. Gia tri co hda hoc c6 thé dwoc tinh toan théng qua khéi lwong phan tir va khéi lwong riéng
cla cac khoang tham gia phan trng [3,4]. S thay ddi thé tich hd xi mang trong vira va bé tong & tudi soém
xay ra chi yéu la do co ngét hda hoc gay ra va dwoc coi la mét trong nhivng nguyén nhan chinh dan dén sw
hinh thanh vét n&t & tudi sém, tir d6 lam gidm dd bén lau clia cac két ciu bé tong [5], nhat 1a dbi véi bé tong
c6 ty 1& nwéc trén xi mang thdp nhw bé téng cwdng dd cao, chat lwong cao [6-8]. Ngoai ra, viéc nghién ctru
do co hoa hoc con cho phép nghién ctru ddng hoc qua trinh thdy héa cla xi mang, nghién ctru anh hwéng
cua loai va ham lwong phu gia khoang ciing nhw phu gia héa hoc dén mirc d6 thly hoéa clia chét két dinh.

1.2 Phwong phap xac dinh dé co héa hoc
Viéc xac dinh chinh xac do co héa hoc rat can thiét cho viéc danh gia sw thay ddi thé tich & tudi sém
clia hd xi mang néi riéng va vira, bé tdng ndi chung, gitp ngwdi nghién ctvu ¢é nhivng hiéu biét tét va sau
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hon vé cac yéu tb &nh huwéng dén mirc do co hoéa Phuong phip
hoc. T d6, c6 thé dwa ra nhirng bién phap nhidm il Tl
han ché, ngdn ngira sy hinh thanh vét nit trong

cac vat liéu cé str dung xi mang ciing nhw hiéu biét Water

ré hon vé déng hoc qua trinh thiy héa clia chét két = S

dinh. Hién nay, c6 ba phwong phap do co héa hoc ]

da dwoc néu trong cac tai liéu nghién ctru [9-11]: pA chenniute o
dilatometry (do thé tich), pyconometry (do ty trong) ~ Phuong phép do thé tich Wi e

va gravimetry (do trong lwong) dwoc thé hién trong «— Theo dsi khong dsi Xilanh

Hinh 1 nhw sau: e hade Phwong phap do ty trong

- Phwong phap do thé tich (Dilatometry):
day la phuong phap do théng qua do gidm muc
nwéc trong mot hé hd xi méng dang thdy héa béng
cach s dung pipet hodc mét 6ng thay tinh ¢ chia
vach. B co héa hoc xi mang luc nay chinh la sw
giam thé tich clia nuwéc trong pipet. Hinh 1. Céac phuong phap do co hoé hoc [11]

- Phwong phap do ty trong (Pyconometry): d0 co héa hoc theo phwong phap nay dwoc do thdng qua
s tang khéi lvgng clia hé xi mang dang thay héa. Do hé qua cla co hda hoc, thé tich cla hé xi méng dang
thdy héa sé gidm di, nén dé gitr thé tich cla hé Ia khong ddi thi can thiét phai thém nwéc vao hé dé gitk cho
muc nwdc khong ddi, do dé dd co hda hoc clia hd xi méng thdy héa cé thé dwoc tinh theo sy gia ting trong
lwgng toan hé chét két dinh [11].

- Phuwong phap do trong lwong (Gravimetry): dwoc phat trién tlr phwong phap pyconometry, trong dé
két qua c6 thé dwoc ghi lai tw dong mot cach lién tuc. Phwong phap nay dwa trén dinh luat Ac—si-mét béng
cach can (thay tinh) mau chat két dinh trong nwéc subt qua trinh thay héa cta xi mang.

Ca ba phwong phép trén déu dwoc nhiéu nha nghién ctvu st dung, dwoc danh gia la phwong phap
thi nghiém dang tin cay, phu hop dé& nghién clru ddng hoc ctia qua trinh thdly héa chét két dinh.

Viéc xac dinh dd co hoa hoc dé& nghién ctru ddng hoc qua trinh thiy héa cia xi méng Podc lng da
dwoc mot sb tac gid nghién ctvu [12-14], bai bdo nay sé trinh bay nghién ctru trén hé viva tw san phang st
dung chét két dinh ettringite. Loai chat két dinh nay c6 thanh phan cha yéu gém xi méng cao alumin (CAC)
va canxi sunphat (C$H ), khoang thdy héa chinh cta hé chét két dinh nay |3 ettringite (C,A$,H.,), aluminum
hydroxide (AH,):

3CA+ 3C$H, + (38-3x)H — C,A$.H,, + 2AH, ™)
3CA, + 3C$H, + (47-3x) H — CA$H,, + 5AH, @)
C,A, + 12C$H,_ + (137-12x) H — 4C A$,H., + 3AH, 3)

Téc d6 phan (ng cta chét két dinh ettringite phu thudc chi yéu vao ty 16 CAC/C$H, loai canxi
sunphat s dung cling nhw sy c6 mat clia phu gia héa hoc hay khéng [15,16]. C6 3 loai canxi sunphat
dwoc st dung chd yéu trong sén xuét vat liéu xay dwng, do 1a CaS0,.2H,0 (da thach cao), CaS0O,.0.5H,0
(hemihydrate) va CaSO, (anhydrite). Khi gap nuwéc, CaSO, va CaSO,.2H,0 s& hoa tan va ran chac rat
cham, trong khi d6 hemihydrate tan nhanh va phan (rng ngay v&i nwéc, nén qué trinh ran chac di&n ra nhanh
hon rét nhiéu [17,18]. Vi vay, ddng hoc qua trinh thlly héa clia chét két dinh ettringite phu thudc I&n vao loai
canxi sunphat st dung.

Trong bai bao nay, anh hwéng cua loai canxi sunphat dén d6 co héa hoc va nhiét thdy héa cia viva
tw san phang trén co s& chat két dinh chat két dinh ettringite s& dwoc nghién ctvu, gép phan vao viéc nghién
ctru déng hoc qua trinh thiy héa clia chat két dinh trong linh vue vat liéu xay dung.

@ 2. Vat liéu va phwong phap thi nghiém

2.1 V4t liéu

Thanh phan cta chat két dinh ettringite ding ché tao viva tw san phdng bao gdm xi mang cao alumin
(CAC) chira 2 khoang chinh la CA (57,7%) va CA, (37,5%) va 2 loai canxi sunphat: Anhydrite con goi la
thach cao khan (CaSO,) va hemihydrate con goi la thach cao xay dwng (CaSO,.0,5H,0). Thanh phan héa
hoc clia chat két dinh nay dwoc thé hién & Bang 1.
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Béng 1. Thanh phén héa hoc cta chét két dinh

Cac oxit chinh trong chat két dinh, % theo khéi lwong

Loai
chitkétdinh | A\ | ca0 | si0, | Fe,0, | MgO | TiO, | KO | NaO | SO, | MnO | LO.I
CAC 69,68 | 29,78 | 0,26 | 0,16 | 0,15 | 004 | - | 023 | 027 | 001 | -
Hemihydrate - | 3870 027 | 003 | 0,10 | 0,003 | - - | 5240 - | 84
Anhydrite - | 4269| - | 007 | 005 0002 - - 5683|0006 | 39

Béang 2. Thanh phén cta vita tw san phang

Ham lwgng % theo khoi Iwong cac vat liéu thanh phan

Vat lidu st dung cho céc cap phéi vira khac nhau
75CAC/25P 90CAC/10P 75CAC/25A 90CAC/10A
Chét két dinh ettringite 32,4 32,4 32,4 32,4

(trong d6 75% (trong d6 90% (trong d6 75% (trong d6 90%
CAC va 25% CAC va 10% CAC va 25% CAC va 10%

CaS0,.0,5H,0) | CaSO,.0,5H,0) CaSO0,) CaSO,)

Xi méng CEM | 4,0
Cat silic + Bot da voi + Xi 1o cao

s 33,4
nghién min
Phu gia héa hoc 56
(siéu déo + diéu chinh dong két) ’
Nwéc 24,6

Thanh phan cap phdi clia viva ty san phang dung trong nghién ctru dwoc thé hién & Bang 2.
2.2 Phwong phap thi nghiém
2.2.1 Do dé co héa hoc

Trong nghién clru nay, dd co héa hoc cda viva tw san phang dwoc xac dinh theo phwong phap do
trong lwong (Gravimetry): Vira tw san phéng sau khi nhao tron sé dwoc cho vao mét dung cu chira véi chiéu
day khoang 6mm, sau dé dwoc dwa I&n ban rung trong khoang thdi gian 1 phut dé& bot khi thoat hét khdi vira
trong qua trinh nhao trén. Dé tranh hién twong chay hd chét két dinh ra ngoai méi trweéng, mot tAm gidy thdm
méng dwoc dat trén bé mat mau trudc khi nhiing mau vao trong hé théng gia treo trong nwéc. Hé théng gia
treo nay duwoc két ndi voi can dién tlr dé doc va ghi s liéu tw ddng sau mdi phut thi nghiém. TAt ca cac cap
phdi sé dwoc do bat dau tir phit tht 10 ké tiv 1Gc nhao tron viva véi nwéde. Do co héa hoc sé dwoc biéu dién
qua don vi (mm? nuéc/ g CKD). Khi biét khdi lwgng ban dau clia mau thi nghiém ciing nhw thanh phan cap
phéi vira, thi d6 co héa hoc sé& dwoc tinh toan va quy ddi theo lwong diing chét két dinh c6 trong vira tw san
phéng theo céng thirc sau:

[Sw tang khéi lwong clia viva khi can trong nudc (g)x1000/KL riéng ctia nwéc 20°C] (mm?)

B6 cohda hoc = — -
Lwong chat két dinh str dung (g)

Dé dam bao dd chinh xac ctia phép do, mbi cap phdi sé dwoc thue hién 3 1an dé tinh gia tri trung binh.
2.2.2 Nhiét thay hoéa

Nhiét thiy hoéa clta vira tw san phing dwoc xac dinh theo tiéu chudn ASTM C1679 (Standard
Practice for Measuring Hydration Kinetics of Hydraulic Cementitious Mixtures Using Isothermal Calorimetry)
théng qua thiét bi do ciia hang Tam Air. Day |a phwong phap dwoc st dung nhiéu trong nghién ctru do thuc
hién duwoc cac muc dich khac nhau nhw: Do téng lwong nhiét sinh ra do thiy héa, xac dinh san pham thiy
héa, cling nhw tc dé sinh nhiét, tc d6 thiy hoa clia chéat két dinh. M&i lan do nhiét thiy hoa s& dung 10 (g)
vi¥a ty san phang va dwoc thuc hién hai lan dé 14y gia tri trung binh. Két qua thi nghiém ciing sé dwoc quy
dbi theo lwgng diing chét két dinh co trong vira tw san phang dé& so sanh véi d6 co héa hoc.
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@ 3. Két qua thi nghiém va ban luan

3.1 Co héa hoc cta chét két dinh ettringite

Muc tiéu ctia viéc do co héa hoc 1a dé dinh lwong
sir gidm thé tich hé viva tw san phang theo thdi gian do
phan trng thdy hoa gay ra. Két quéa do dd co héa hoc
ctia 4 cép phdi nghién ctru dwoc thé hién trong Hinh 2.

Két qua & Hinh 2 cho thdy d6 co héa hoc bét
dAu ting manh ngay tlr nhirng gi®» d4u tién do sy hinh
thanh cac san pham thdy héa. Trong 24 gi& dau, khi
str dung cung loai canxi sunphat, ty 16 CAC/C$H,_ cé
anh hudng Ién dén dd co héa hoc, khi ty 1& nay tang

KET QUA NGHIEN CUU VA UNG DUNG
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Hinh 2. Anh huéng cta loai va ham luong canxi

1én thi d6 co hoa hoc cling tang theo. Hién twong nay  gynpnat dén d6 co hoa hoc vira tw san phéng st dung
c6 lién quan den qua trinh thay hoa ctia xi mang CAC chét két dinh ettrettringte sau 24 gio thi nghiém
trong cap phoi 90CAC/10C$H, xay ra nhanh va manh .

hon so v&i cap phéi 75CAC/25C$H, va thuc day qua
trinh co hda hoc. Bo co nay dat khodng 106 mm?/g
CKD dbi vai cap phdi 75CAC/25C$H , 116 mm¥g CKD
déi voi 90CAC/10C$H _ sau 24 gid thi nghiém.

Mat khac, khi ty 18 CAC/C$H, khong di, do co
héa hoc ban dau cla cac cip phdi st dung hemihy-
drate CaS0,.0,5H,0 sé& thap hon so v&i cac cap phoi
st dung anhydrite CaSO,. Tuy nhién, &nh huéng cla 01 4
loai canxi sunphéat dén gia tri co & thoi didm 24 gid khi 0 : ,
cung ty 1é CAC/C$H_ la khéng dang ké. 0 30 oo 0

Thai gian, [phat]

09 4
08 4
0.7 4
0.6 -
05 4
04 4
03 4

02 4

Téc @9 co hoa hgc, [mm?/g CKD/phiit]

T cac két qua dat dwoc, tbc do co hoa hoc
dwoc tinh toan (theo phwong phap vi phan) va trinh
bay trong Hinh 3.

- 75CAC/25P —_— 75CAC/25A —— 90CAC/10P — 90CAC/10A
Hinh 3. Téc d6 co héa hoc cua vira tw san phang
theo thoi gian

Két qua trén Hinh 3 cho thay gia tri Ion nhét cda toc do co hoa hoc clia cac cap phbdi 90CAC/10C$H
s& cao hon do lwgng xi mang CAC trong vira I6n hon. Téc d6 nay dat gia tri I6n nhat dbi véi hdn hop
90CAC/10P (v¥ocACHoP = 0,872 mm?/g CKD/phut), trong khi d6 cap phdi cé gia tri tbc dd co hda hoc nhd nhét
la 75CAC/25A (v75eAC25A = 0,685 mm?3/g CKD/phut), cac cap phdi con lai 13 (ve°cAC/10A = 0, 809 mm?/g CKD/phut
va V75CACI25P = 0 747 mm?/g CKD/phit). Ngoai ra, cac cap phdi chiva anhydrite sé c6 tc d6 co héa hoc nhanh
hon cép phéi str dung hemihydrate, diéu nay cé thé duoc giai thich la do ham lwgng AH, trong cac cap phéi
chira anhydrite hinh thanh s&m va nhiéu hon nén thuc day qua trinh két tinh va rén chac cla viva. Sau 60
phut thiy hoéa, sy khac nhau vé téc dd co clia 4 cap phéi trén hau nhw khéng dang ké.

3.2 Nhiét thay hoa

Viéc do nhiét thlly héa cho phép danh gia mirc do thiy hoéa clia chét két dinh, két qua do lwong nhiét
thay héa tich Ity ctia 4 cAp phdi dugc trinh bay trén Hinh 4.
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Hinh 4. Nhiét tich luy cta 4 cap phdi vita t san phang: a) Bén thoi diém 90 phut; b) Bén thoi diém 24 gic
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Két qua trén Hinh 4 cho thay trong 90 phut dau clia qua trinh thdy hoa, lwong nhiét tich Idy cta cac
cép phéi str dung nhidu CAC hon sé& ¢ gia tri Ién hon. Tuy nhién, & tudi muén, lweng nhiét tich Ity cta cac
cép phdi str dung CaS0,.0,5H,0 lai c6 gia tri cao hon, nguyén nhan la do CaS0,.0,5H,0 c6 téc do hoa tan
Ién, nén thuc day phan tng gitra CAC va CaS0,.0,5H,0 xay ra nhiéu hon, két qua la nhiét thiy hoa tao ra
cang lén. Trwdng hop nguoc lai cac cap phdi st dung anhydrite sé c6 nhiét tda ra thap hon. Lwong nhiét
tich Ity theo thi tw cac cap phdi nhw sau:

75CAC/25P > 90CAC/10P > 90CAC/10A > 75CAC/25A

T két qua thu dwoc, tbc dd tda nhiét thay 0.1 -
héa ctia 4 cap phdi dwoc thé hién trén Hinh 5. Ty 0.09 -
theo loai va lwgng canxi sunphat sir dung va ty 1& E 0.08 -
CAC/C$H ma tbc dd tda nhiét sé cé sy khac nhau. %é 0.07 -

Céac hén hop vira stv dung chét két dinh 50-06 I
chira hemihydrate CaS0O,.0,5H,0 c¢6 2 pic toa & 005
nhiét, trong d6 cac cap phéi chiva anhydrite c¢é pic = 904

nhiét thir 3 & phat thir 55, cy thé: = 005 4

Pic nhiét dau tién (1) 1a sw hoa "tan ctia CAC E Egi |
va canxi sunphat. Céc’phér) trng déu tda nhiét ) ' ‘ .
trong khoang thoi gian rat ngan. Sau giai doan hoa 0 30 60 90
tan nay kéo dai khoang 20 phut, sau dé nhiét thay Thori gian, [phit]
héa bat dau tding manh. D& I1&n ctia dong nhiét nay g

thay déi theo cap phéi tuy thudc loai va ham lwvong
canxi sunphat st dung nhw sau:

90CAC/10P > 75CAC/25P > 90 CAC/10A > 75CAC/25A

Pic téa nhiét thir (2) twong (rng v&i sy hinh thanh khodang ettringite, c6 thé thay rang khi cliing loai
canxi sunphat, d6 I&n cta dong nhiét tang 1&n khi tdng ham lwong CAC do téc do thdy héa cia CAC dién
ra nhanh. Két qua nay twong hop vai cac két qua nghién ciru khac [19-21]. Mat khac, tbc d6 hoa tan cla
hemihydrate nhanh hon anhydrite vi vay ma té¢ d6 hinh thanh ettringite dién ra nhanh hon va nhiét téa ra
nhiéu hon.

Hinh 5. Nhiét thiy héa ctia 4 cap phdi vira
tw sdn phang

Pic nhiét th (3) chi xdy ra trong cép
phdi chiva anhydrite, nhat 1a dbi véi cip phdi
75CAC/25A, day c6 thé 1a do sw hinh thanh
dung dich ran cta AFm-OH va AFm (C,A.C$.H,)
[17,18].

Nhw vay, si tdng lweng nhiét thuy hoa cla
cac cap phdi chira anhydrite xay ra sém hon cap
phdi dung CaSO,.0,5H,0. Tuy nhién do lon cua
dong nhiét thdy hda nay cling nhw lwgng nhiét tich
Ity cta cac cap phéi chira CaSO,.0,5H,0 lai Ion
hon hoac chira ham lwgng CAC cao hon. D
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3.3 Moi lién hé gitra nhiét thuy héa va co D6 co hod hoc, [mm/g CKD]

héa hoc

Méi lién hé gitra lwong nhiét thiy héa va do ~—-75CAC/25P ——75CAC/25A ——-90CAC/10P —— 9OCAC/10A
co hda hoc cuia chét két dinh ettringite dwoc thé Hinh 6. M6i quan hé giira do co hoa hoc va
hién qua Hinh 6. ltrgng nhiét thay hoéa tich Idy

D& co hdéa hoc va nhiét thiy hoa tich Iy c6 quan hé tuyén tinh. Qua két qua trén c6 thé thay khi str
dung CaS0,.0,5H,0 trong chét két dinh ettringite, voi cing mét gia tri co hoa hoc thi nhiét thiy hoa phu
thudc cha yéu vao ty 1& C$H /CAC, ty |é nay cang cao thi nhiét thiy hoa cang lén. Trong khi do, véi trwong
hop s dung anhydrite, nhiét thdy hoa lai ty 1& nghich v&i ty 18 C$H /CAC, khi ty Ié nay tang Ién nghia la
lweng dung xi mang CAC gidm di thi nhiét thdy héa lai gidm di. Ngoai ra, k&t qua nghién cru con cho thay
véi cuing gia tri co hda hoc thi cac c&p phéi st dung CaS0,.0,5H,0 co nhiét thiy hoa cao hon so véi truwdng
hop s&r dung anhydrite CaSO,.
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@ 4. Két luan

T cac két qua nghién ctvu tdng quan va thwe nghiém cé thé rut ra mot s két luan chinh nhw sau:

- Viéc nghién ctru ddng hoc qua trinh thdy héa cla chét két dinh hoan toan co thé dwoc thwe hién
théng qua phwong phap do co hda hoc nhét [a & tudi sém clia chét két dinh do dd co héa hoc va nhiét thay
héa cé quan hé tuyén tinh.

- D6 co héa hoc cua vira tw san phang trén co s& chat két dinh ettringite st dung hemihydrate
CaS0,.0,5H,0 sé& thap hon so v&i cac cap phdi sir dung anhydrite CaSO,, tuy nhién téc do thiy hoa cla
chét két dinh s& dung anhydrite lai nhanh hon so véi khi st dung hemihydrate./.
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