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Abstract. The utilisation of industrial wastes to produce construction materials not only
solves the environmental pollution problems from waste storage but also contributes to saving
resources and developing sustainability in the construction industry. This study aims to
develop binary and ternary gypsum binders based on using the gypsum waste from the Flue
Gas Desulphurization in Power Plants (Flue Gas Desulfurization- FGD gypsum waste). From
16 mixtures of CKD with the proportions of FGD gypsum varying from 50-80%, Portland
cement from 20-50% and MK from 0-15%, the research has selected a reasonable
combination to ensure the requirements for setting time, high compressive strength (=30 MPa)
and good water resistance. The study also analyzed the formation of hydration products,
mineral composition and microstructural morphology of both binary and ternary binder
systems by differential thermal analysis (TG-DTA), X-ray diffraction (XRD) and scanning
electron microscopy (SEM) methods. Compared with natural gypsum, both binary or ternary
blended binders of FGD gypsum, cement, and metakaolin showed very good water resistance.
These results lead to the development of new high-sustainable binder materials and widen
their application in many kinds of environmental-friendly construction products.
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Tom tit. Viéc tan dung cac nguon phé thai cdng nghiép (PTCN) dé san xuat cac loai san
pham vat liéu xay dung khong nhiing giai quyét van dé 6 nhiém moi truong phéat sinh do ton
chira PTCN, ma con gop phan tiét kiém tai nguyén va phat trién bén viing trong nganh cong
nghiép xay dung. Nghién ctu nay nham phat trién loai chat két dinh thach cao hon hop
(CKD) hai va ba thanh phan trén co sé tan dung phé thai thach cao tir qua trinh khir khi thai
chtra Ivu huynh trong cac nha may nhiét dién (phé thai thach cao Flue Gas Desulfurization-
FGD). Tir 16 cip phdi CKD vai cac ty 1¢ thach cao FGD thay doi tir 50-80%, xi méng tir 20-
50% va MK tir 0-15%, nghién ciru da lwa chon duoc cac cap phéi hop 1y dam bao dong thoi
c4c yéu cau vé thoi gian dong két, cuong do nén cao (>30 MPa) va ¢ kha ning bén nudc tot.
Nghién ctru ciing phan tich su hinh thanh cac san pham thity hoa, thanh phan khoang va hinh
thai vi cau truc cua hé CKD hai va ba thanh phan bang cac phuong phap phan tich nhiét vi sai
(TG-DTA), nhiéu xa tia X (XRD) va kinh hién vi dién tir quét (SEM). So véi CKD thach cao
tu nhién, ca hai hdn hop CKD hai hozc ba thanh phan gom thach cao FGD, xi ming pooc ling
va mé ta cao lanh déu cho thay kha niang chiu nudc tét. Két qua nghién ciu mo ra huéng phat
trién vat liéu CKD méi, c6 tinh bén viing cao, kha ning wng dung trong nhiéu dang két ciu
san pham céng trinh xay dung, déng thoi than thién véi moi truong.

Tw khoa: CKD thach cao, Mé ta cao lanh - MK, Thach cao cuong do cao, Thach cao chiu
nudc, Thach cao FGD.
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1. GIOI THIEU

Nhu cau sir dung dién phuc vu phat trién kinh té ngay cang cao la nguyén nhan chinh dan
t6i lwong 16n phé thai thach cao dang ton chua tai cac bai thai cia nha may nhiét dién dét
than. Khi d6t than c6 ham luong luu huynh cao s& tao ra lwong Ion phé thai tro xi va céc loai
khi thai chira luu huynh. Binh quén dé xir ly 1 tan SO trong khi thai than bang cong nghé khi
lru huynh w6t bang bot da voi hodc hd voi chin s& tao ra khoang 2,7 tan phé thai thach cao
FGD [1]. Phé thai thach cao FGD la mét loai phé thai cong nghiép (PTCN) khong chi ¢6 &
cac nha may nhiét dién ma con phat sinh tir cac 16 luyén kim va hé thdng céc néi hoi dét than.
Thanh phan chi yéu cua phé thai thach cao FGD 14 thach cao dihydrat (CaSO4-2H20). Riéng
trong cac nha may nhiét dién caa My va Trung Qudc mdi nam thai ra khoang 29 triéu tin va
gan 100 triéu tin phé thai thach cao FGD nhung ty Ié tai ché con kha thap [1]. Tai Viét Nam,
theo quy hoach dién VII diéu chinh [2], tong c6ng suit cac nha may nhiét dién dét than dén
nam 2030 s& dat khoang 55.300 MW, chiém 53,2% dién san xuat, va tiéu thy 129 triéu tan
than. Hién nay ca nuéc c6 11/26 nha may nhiét dién trang bi hé théng thu héi phé thai thach
cao FGD, luong ba thach cao thai ra gan nhu chua tiéu thy duoc, phai luu trir todn bo tai béi
chtra (khoang 12,35 triéu tan) [3]. Diéu nay khdng chi tiéu tén mot luong 16n dién tich bai
chira ma con gay lang phi ngudn vat liéu va lam 6 nhiém thir cap cho maéi truong tu nhién [3],
[4]. Do d6, viéc nghién ciru va phan tich cc tinh chat cua phé thai thach cao FGD nham tan
dung né nhu mot nguon tai nguyén va mo rong ng dung trong san Xuat cac loai vat liéu xay
dung bén viing c6 ¥ nghia thuc tién to 16n.

Trén thé gioi da co nhiéu nghién ciru tan dung phé thai thach cao FGD lam chat két dinh
thach cao xay dung (CKD) sau qua trinh nung. CKD thach cao nay chu yéu duoc sir dung
trong san xuat vira thach cao, cac loai tim thach cao, block thach cao va mét s6 san pham
khac [5]-[8]. Ngoai ra, Phé thai thach cao FGD con duoc st dung truc tiép 1am vat liéu san
l4p nén moéng duong giao thdng [5], [9], [10]. Tuy nhién, so véi xi mang, CKD thach cao
FGD it dugc sir dung trong két cau tuong xay do cuong do thap va khong c6 kha ning chiu
nuoc [11], [12]. Vi vy, khd ndng chiu nuéc t6t cua CKD thach cao FGD la diéu kién can
thiét dé tmg dung né rong réi trong san xuét cac vat liéu tuong xay va cong trinh xay dyng.

Hién nay, mot s6 nha khoa hoc tap trung nghién ciru kha nang tan dung hiéu qua khi két
hop phé thai thach cao FGD véi mét sé loai PTCN (xi 10 cao hat hda nghién min - GGBS,
silica fume, tro bay - FA, mé ta cao lanh- MK, ...) dé ché tao c4c loai vat liéu tiét kiém niang
lugng cho xay dung cong trinh [6], [7], [10], [13] [14]. Lesovik va cong su [15] da nghién
ctru anh huong caa cac loai phé thai thach cao FGD khac nhau trong hén hop hai thanh phan
Xi miang (XM) - Thach cao FGD va thiy rang phé thai thach cao FGD c6 thé cai thién tinh
chat co hoc cua CKD hdn hop. Yang va cong su [16] da nghién ctru ché tao vat liéu téng hop
tir phé thai thach cao FGD, xi ming, phu gia khoang (PGK) tir phé thai v6 co va soi rom. Két
qua cho thiy viéc bo sung XM va PGK c6 thé cai thién tinh ning cua tAim tudng thach cao
hén hop. Cac nghién ciru trén da chitng minh viéc tan dung PGK dé bién tinh thach cao FGD
la kha thi vé mat ky thuat.

PGK c¢6 ngudn gbc tir PTCN ciing c6 thé duoc st dung dé cai thién kha ning chong nudc
cua thach cao FGD. Hoat tinh hydrat hda cua PGK c6 thé dugc ting 1én nho vao su kich thich
cac hiéu ung vat ly hoic héa hoc dé tao nén cac dic tinh vuot troi cua CKD hdn hop.
O'Rourke va cong su [17] cho rang khi sir dung 60+80% thach cao tu nhién, 5+20% xi ming
va 10+25% GGBS c6 thé lam tiang cuong do nén cua vita, nhung su hoa tan cua thach cao tu
nhién (TCTN) s& lam giam 35+50% cudng do nén cua vira khi duoc bao dudng ¢ do am cao.
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Min Pang va céc cong sy [8] cho rang cudng d chiu nén va do bén cua vira géc thach cao
FGD tron voi xi hat 10 cao nghién min c6 thé dat tir 18+35 MPa. Jing Li va cac cong sy [10]
da nghién ctu kha nang str dung phé thai thach cao FGD va FA tir nha may dién dé san xuat
tam thach cao chdng chay. Tuong tw, Supaporn Wansom va cong su [6] da nghién ctu hinh
thai cau tric vi mod ciia hdn hop CKD ba thanh phan gdm thach cao FGD, XM, va FA. Két
qua cho thay rang kha nang chong nudc tot nhat ¢ thé dat duoc sau 91 ngay, khi ty 18 khéi
lugng cua FGD: FA: XM = 20: 40: 40. Yongjuan Zhang va cong sy [7] da nghién ctru tinh
ning cua hdn hop XM - thach cao FGD - MK cho thdy CKD hdn hop nay c6 kha ning on
dinh thé tich ngay ca khi duoc bao dudng trong nude dén tudi dai ngay. Cho dén nay, c6 rét it
nghién ctru day du vé céc tinh chit co hoc va thay hoa caa hdn hop hai hoic ba thanh phan tir
thach cao FGD - XM - MK, dic biét 1a cac loai CKD thach cao hdn hop (ham lugng thach cao
>50%) str dung mé ta cao lanh c6 cudng do cao va do bén nudc I6n. Do d6, nghién ciru nay
nham ché tao CKD thach cao hdon hop hai hoic ba thanh phan c6 cudong do cao (=30 MPa),
kha ning chiu nuéc tot (hé s mém >0,75) tir phé thai thach cao FGD, xi ming va MK.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Vat liéu sir dung

Céc vat liéu chinh st dung trong nghién ctu bao gém: Thach cao FGD (FGD), thach cao
tu nhién (TCTN), xi ming (XM) va Meta cao lanh (MK). FGD la thach cao dugc nung tir phé
thai thach cao FGD cua nha may nhiét dién Nghi Son theo ché do nhiét tdi wu ma cac tac gia
da nghién ctu tir tredc [18]. Xi ming st dung 1a PC40 Bt Son. Két qua phan tich thanh phan
khoang hoa va ham luong mét khi nung (MKN) cua FGD, XM va MK dugc néu ¢ Bang 1 va
Hinh 1. Qua két qua kiém tra cu:ong d6 nén tiéu chuan cua xi ming & tum 3 ngay va 28 ngay
dat 26,7 MPa va 47,5 MPa, cé4c tinh chét co 1y khac déu thoa man yéu cau caa TCVN 2682:
2020 - Xi miang podc lang [19]. Hoat tinh cudong d6 cia MK dat 105% nén phd hop dé su
dung lam phu gia khoang hoat tinh trong ché tao chat két dinh theo TCVN 6882:2016 [20].
Tir Bang 1 va tinh toan theo TCVN 8654:2011 [21] cho thdy ham lugng CaSO4.2H,0 trong
FGD c6 thé dat 93,96%. Do d6 hoan thoan c6 thé sir dung phé thai FGD Nghi Son dé ché tao
CKD thach cao [22]. Trong ca hai loai thach cao ton tai hai khoang vat chinh 1a khoang
CaS04.0,8H.0 va khoang gypsum CaS04.2H.0. Ngoai ra con mot lugng nho khoang SiO2 va
khoang SiO2.H20 (Hinh 1).

Bang 1. Thanh phan hoa (%) va ham lugng mat khi nung ciia TCTN, FGD va MK.

Oxit Al,O3 SiO, SO; CaO Fe0O; MgO TiO» K>,0O Khac MKN

TCTN 0,12 0,97 43,86 3251 0,11 036 0,06 0,07 0,08 21,86

FGD 0,16 2,11 43,70 32,19 0,14 0,02 - 0,04 0,01 21,63

MK 33,80 59,58 209 023 175 - 0,21 2,08 0,17 0,87

Hinh 2 thé hién hinh anh SEM cuia FGD so sanh véi TCTN va MK. R rang dic tinh be
mat hat cua chiing déu goc canh va nham rap nhung hat FGD duong nhu ¢6 nhi€u 16 rong xop
trong cau truc hat hon. Biéu nay sé¢ anh hudng dén kha nang hap phu va lugng dung phu gia.
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@ Al: AL,O,.25i0,.2H,0
1 4 ¢ m Fe: FeHO,
V sil:Sio,
® Cal:CaSO,.2H,0
® ° " Ca2:CaS0,.0,8H,0
@ si2:sio,
B Si3: Si,H,0

2-Theta

Hinh 1. Biéu d6 thanh phan khoang ctia thach cao TCTN, FGD va MK.

100 ¢
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Ham luong lot sang, %

H|nh 2 Thanh phan hat (a) va Anh chup SEM mau TCTN (b) thach cao FGD (c), MK (d).
Pé giam lugng nuéc yéu cau ma van dam bao do déo yéu cau va} khéng ché ty 1&
N/CKD=0,3; nghién ctu nay sir dung PGSD dang bot, mau trang va c6 goc polycarboxylate
cua hdng BASF (tén thuwong mai la PCE). PGSD c6 kha nang giam nuéc >25% va ham luong
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sir dung tir 0,1+1,0% so vé6i khdi lugng CKD. Nudc st dung trong nghién ciru 1a nuéc may
sinh hoat.

2.2. Ké hoach nghién ctru va cip phdi thir nghiém

Theo tiéu chuan BS EN 13279-1:2008 [23], CKD thach cao hdn hop 1a loai CKD c6 chua
ham luong thach cao khéng nhé hon 50%. Vi vay nghién cau nay su dung ham lugng FGD
lin luot & cAc ty I¢ 50, 60, 70 va 80%: vai ty 16 90% va 100 FGD khi khao sat thi cuong do
mau CKD dat rat thap va khong bén nudc nén di khong duoc tiép tuc nghién ciu trong
nghién cau ndy. Dé nang cao kha niang bén nudc va cudng do cia CKD thach cao hdn hop,
hai vat liéu thanh phan duoc nghién ciu sir dung két hop 1a XM=20+50%, hoic hdn hgp XM
va MK. Theo két qua nghién ctu [24], [25], ham luong MK c6 thé thay thé XM trong vira va
bé tong khong vuot qua 20% s& c6 kha ning ning cao chit luong san pham vira va bé tong
nén ty 1&é MK/(XM+MK) sir dung trong cac cap phdi hdn hop CKD khao sat 12 0, 5, 10 va
15% theo khéi lwong xi mang.

Theo két qua khao sat truéc cua nhém nghién ciru thiy rang CKD thach cao hdn hop déu
¢6 lwong nude yéu cau kha 16n (67+76%) nén cudng do nén dat thap (<20 MPa) va kha ning
chiu nugc kém [18]. Do d6 mot giai phap dé nang cao cudng d6 CKD nita dugc su dung la
phu gia giam nuéc tam cao (PGSD). Bé danh gia hiéu qua viéc s dung FGD tai cac cap phdi
hop 1y, ty 16 N/CKD thay ddi tir 0,25+ 0,35 ciing dwoc nghién ciru khao sat; cac két qua ciing
duoc so sanh véi mau doi ching sir dung TCTN. Bang ty 1é cac cap phdi CKD thach cao hdn
hop st dung trong nghién ciru duoc néu ¢ Bang 2.

Bang 2. Ty I¢ cap phdi CKD thach cao hdn hop sir dung trong nghién ciu.

STT Ky hiéu cap phoi FGD, % XM, % MK, % PGSD, %
1 CP1 80 20 0 0,35
2 CP2 70 30 0 0,40
3 CP3 60 40 0 0,45
4 CP4 50 50 0 0,48
5 CP5 80 19 1 0,45
6 CP6 80 18 2 0,40
7 CP7 80 17 3 0,38
8 CP8 70 28,5 1,5 0,35
9 CP9 70 27 3 0,46
10 CP10 70 25,5 45 0,48
11 CP11 60 38 2 0,50
12 CP12 60 36 4 0,42
13 CP13 60 34 6 0,43
14 CP14 50 47,5 2,5 0,45
15 CP15 50 45 5 0,38
16 CP16 50 42,5 75 0,40

2.3. Phwong phap nghién ctru va quy trinh ché tao, thir nghi¢ém miu

Do Viét Nam chua c6 tiéu chuan yéu cau ky thuat ciing nhu phwong phép thir di voi
CKD thach cao hdn hop, nén nghién ctru nay da sir dung tiéu chuan BS EN 13279-2:2014
[26] dé xac dinh d6 chay yéu cau, thoi gian dong két va cuong do nén cua CKD. Do chay yéu
cau dugc giir trong khoang 150-210 mm bang cach diéu chinh ham luong PGSD va gitr ty 16
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N/CKD=0,3. Thoi gian dong két dugc xac dinh trén hdn hop CKD dat d6 déo yéu cau bang
phuong phap dao vach. Cuong do nén duge xac dinh trén té mau gébm 3 mau ling tru ¢ kich
thudc 40x40x 160mm, duoc bao dudng bing nuéc ¢ tudi 7 ngay. Hé sé hda mém (Km) duoc
xé4c dinh bang ty sb gitra cuong do nén & trang thai bao hoa nudc so véi cudng do nén & trang
thai khd. Ngoai ra nghién ctu con sir dung cac phuong phap hoa 1y hién dai bao gdm: phan
tich laser dé phan tich thanh phan hat; phuong phap XRD, XRF dé xac dinh thanh phan
khoang, hoa cua cac nguyén li¢u XM, MK, va FGD. Phuong phap phan tich nhiét vi sai trong
luong (TG-DTA) dé xac dinh ham lwong mat khdi luong, khoang nhiét do chuyén hoa va
lwong nudc lién két tir d6 xac dinh ham luong cac san pham thity hoa chinh trong mau CKD.

3.KET QUA VA THAO LUAN

3.1. Thoi gian dong két

Két qua khao sat anh huong cia ty 1é ham luong XM va MK dén thoi gian dong két cua
hdn hgp CKD duoc trinh bay trén Hinh 3. Ta thay rang thoi gian dong két cua hon hgp CKD
gan nhu ty 18 thuan véi lugng dung xi mang va ham luong MK. Khi XM ting tir 20+50% thi
thoi gian dong két tang 1én 1557 phat (Hinh 3a). Con khi MK/(XM+MK) ting tir 5+15% thi
thoi gian dong két tang 1én 17+22 phut, 5365 phut va 68+87 phut tuong ung voi FGD=80%,
FGD=70%, FGD=60%, va FGD=50% (Hinh 3b). Piéu nay chi ra rang xi mang co thé &rc ché
qua trinh hydrat hoa ciia thach cao & mot mic do nhét dinh. Sau khi thém xi méng, thach cao
tao thanh dung dich thach cao dihydrat bdo hoa sau khi tiép xuc véi nudc, CsA trong clanhke
s& phan &ng dir doi véi thach cao, 1am ting toc do phan (ng hydrat héa. Vi Ca(OH): it tan
trong nudc nén pH caa dung dich tang nhanh va d6 tan cia Ca(OH)2 kém hon so véi thach
cao ngdm nudc. Do do6, trong moi truong qua bdo hoa s& tao mam tinh thé cua thach cao
dihydrat, thiic day qua trinh két tinh va rt ngan thoi gian dong két ciia hdn hop CKD. Trong
Hinh 3b, so véi mau khong c6 MK (CP3-FGD, CP3-TCTN), hdn hgp CKD ba thanh phan
(thach cao-xi ming- mé ta cao lanh) c6 toc do hydrat hda cham hon so v6i hdn hgp CKD hai
thanh phan (thach cao-xi ming). Anh huong cua ty 16 N/CKD, loai thach cao dén thoi gian
d6ng két va ham lugng PGSD cua hdn hop CKD dugc thé hién trén Hinh 4. R6 rang qua trinh
hydrat hoa caa hon hgp CKD c¢6 thé dugc kéo dai hon khi xi miang va MK duoc thém vao
cling mot lic. Pidu ndy ching to xi mang va MK c¢6 tac dung Iam giam tdc do ran chic hay
kéo dai thoi gian dong két caa CKD hdn hop [7], [15], [18].

100 T 100 T ()

= | (a) - [ mFGD=80% mFGD=70%
2 £ g £ BFGD=60% BFGD=50% [§
= 60 = 60 o = - 5 Z =
=) L Kg C ? E lfﬁ E PI; E
B 5 [ omE E E
g0 2 20+ BHE E E
E | - = - BNLE AE E
0L AE AE %=

20 30 40 50 5 10 15

Ham lrong XM/CKD, % Ty 1&¢ MK/(XM+MK), %

Hinh 3. Anh huéng cua lwong ding XM va MK dén thoi gian déng két cua hdn hop CKD.
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3.2. Cwdng dd nén va d bén nwéc

Anh huong caa ham lugng XM, MK dén cuong do nén (¢ trang thai bdo hoa - Raoh, &
trang thai khod- Rnk) va do nén nudc (Km) caa CKD dugc thé hién trén Hinh 5 va Hinh 6. RS
rang khi ting ham luong xi mang thi cuong d6 nén va hé sé héa mém cua CKD ting 1én 1d
rét. Cuong do nén ¢ trang thai kho tang tir 21,6-34,7 MPa khi lugng ding xi mang tang tir
20+50%, con hé sé hda mém ting tir 0,71 1&n 0,89 (Hinh 5). Tuy nhién ca cudng do nén va hé
s6 héa mém chi ting manh khi luong ding xi mang <40%, khi xi méing tang tir 40% lén 50%
thi cac gia tri nay c6 xu hudng ting cham hon. Thach cao dihydrat ¢6 cau tric long léo do chu
yéu la cac tinh thé thanh hozc thanh don c6 kich thude Ion [27]. Xi mang dong vai tro ting
cuc‘mg cuong do CKD thach cao hai thanh phan, mirc ting cuong do tuy thudc vao ty I¢ gitra
c4c san pham hydrat hoa gel C-S-H va ettringite trong hon hop CKD. V6i ham lugng xi
méng tang cao c0 thé dan dén viéc tao ra cac san pham c6 qué nhiéu alumin canxi véi cuong
d6 thap do c4u tric bén trong ¢ nhidu khuyét tat va tham chi tao ra cac vét nut vi md cho nén
cuong do CKD tang cham hoac giam [28], [29].
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cua hon hgp CKD. CKD.
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Hinh 6. Anh hudng ciia ham luong MK dén cudng d6 nén 7 ngdy va hé sé hda mém cia CKD.
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Tir két qua trén Hinh 6 cho thay khi phdi hop st dung xi méng va MK trong CKD d3 cai
thién rd rét cuong do nén (cuong do nén ¢ trang thai khé dat 25,0+41,1 MPa va ¢ trang thai
bdo hoa dat 19,2+38,2 MPa) va ning cao dang ké hé s6 hda mém Ién 0,77+0,93. Vi gid tri
nay cua h¢ s6 hoa mém thi CKD hoan toan c6 kha nang chiu nude. Diéu ndy nho vao hai hiéu
ng vt 1y va hoa hoc ciia MK. Véi hi¢u ung vat ly, MK c6 khd néng lap day hé thong 15 rong
Vi céu trac, ting d6 dac chic cia da CKD tir 6 lam ting cuong do va kha nang chng tham
nuéc cia CKD [30]. Con ddi véi hiéu tng hda hoc, qué trinh hydrat héa xi ming cung cap
moi trudng kiém cho MK va thuc ddy phan tmg puzolan giita Ca(OH)2 va SiO; trong MK,
nén tao ra nhiéu san pham hydrat héa C-S-H va C-A-H hon lam ting cudng d6 [24], [30] va
d6 bén nuéc cua CKD ba thanh phan [7], [13], [31].
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Hinh 7. Anh huéng cua ty 18 N/CKD va loai thach cao dén cudng do nén va hé s6 hoa mém cia CKD
& tuoi 7 ngay va 28 ngay.

Tir két qua trén Hinh 7 thdy rang ty 1¢ N/CKD c6 anh huong lon va ty l& nghich voi
cuong do nén cua CKD. Khi N/CKD=0,25, cuong do nén & tudi 7 ngay va 28 ngay la cao
nhat va lan luot dat 41,3 MPa va 49,8 MPa. Con khi ty 1¢ N/CKD ting 1én dén 0,35 thi cuong
d6 nén dat bé nhit 1a 34, 0 MPa va 43, 0 MPa. Ciing tuong tu nhu cac loai chat két dinh v6 co
khac, diéu nay c6 thé giai thich 1a do ¢ ty 16 N/CKD cao thi ham luong nude du ciia qua trinh
thity héa xi ming va thach cao ting 1én s& lam tang thé tich I8 rdng trong cau trac ¢4 CKD
cho nén d3 lam giam cudng do nén cia da CKD ¢ tat ca cac tudi bao dudng [22]. Khi so sanh
gitra hdn hop CKD c6 va khdng c6 PGK MK ta thiy cuong do nén va kha nang bén nuéc cia
CKD duoc cai thién rd rét khi c6 mat caa MK. Cac cap phdi hdn hop CKD gom: CP12-FGD-
0,30, CP12-TCTN-0,30 (c6 10% MK) cho cuong d6 nén dat lan luot 47,7 MPa va 49,3 MPa
khi bao dudng & tudi 28 ngay. Trong khi d6 cac cap phdi khéng sir dung MK gom CP3-FGD-
0,30, CP3-TCTN-0,30 cho cudng d6 nén twong tng chi dat 38,7 MPa va 41,4 MPa. Khi so
sanh Hinh 7a va Hinh 7b cho thdy cudong d6 nén cua mau CKD ting theo thoi gian bao
dudng. Cudng do nén & tudi 28 ngay cua céc cap phéi tang tir 20 dén 26% doi voi cuong do &
trang thai kho va tur 11 dén 22% ddi véi cudong d6 ¢ trang thai bao hoa so véi cuong do nen o
tudi 7 ngay. Thai gian bao dudng cang tang thi xi mang thuy hoa cang triet dé, sb luong san
pham thuy hoéa tao ra cang nhiéu s& lam tang cuong do cua CKD hon hop. Mat khac mau
CKD sir dung TCTN ciing cao hon mau sir dung FGD nhung mirc d§ chénh léch khong déng
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ke (chi khoang 0+6,5%). Diéu nay chiing té hoan toan c6 thé sir dung thach cao FGD dé thay
thé thach cao tu nhién trong ché tao CKD thach cao hon hop.

Sy anh huong cia N/CKD, loai thach cao dén do bén nuéc cia CKD ciing tuong tu nhu
cuong do nén. Tuy nhién khi thoi gian bao dudng tang dudng nhu lai lam giam nhe hé s6 hoa
mém cua céc loai CKD. O tudi 7 ngay, hé sé hda mém cua céc cip phdi hop 1y dat khoang
0,84+0,92. Con khi & tudi 28 ngay, cac gia tri nay giam nhe chi con 0,82+0,86. Biéu nay co
thé do s6 luong cac san pham thay héa kém bén nudc (ettrigite muon, C-A-H) da ting 1én
theo thoi gian bao dudng.

3.3. Thanh phan khoang ciia san pham thity héa va dic tinh vi cau trdc

Két qua phan tich TG-DTA va xac dinh ham lugng cac san pham thuy hda cia cac mau
CKD ¢ tudi 7 ngay va 28 ngay duoc thé hién trén Hinh 8 va Hinh 9.

Tir Hinh 8 va Hinh 9 ta thiy rang cac mau déu giam khi luong khi nhiét do tang. Khi
nhiét d6 nung trong khoang 100 dén 250°C viéc mat khéi luong chu yéu do sy bay hoi nudc
hip phu c6 trong da thach cao CaS0s.2H,0 va cac san pham thuy héa (C-S-H, C-A-H,
entrigit), peak diém nhiét chuyén hoa nam trong khoang 150+165°C. Trong khoang 400° dén
500°C chu yéu la qué trinh mat nuéc lién két hoa hoc trong Ca(OH), va su phan huy khoang
CaS04.0,5H,0 thanh CaSOa, peak diém nhiét chuyén héa nam trong khoang 450+455°C. Con
trong khoang 600+800°C chu yéu 1a qua trinh dé c4c bo nat hda cac mudi cac bo nat (CaCOs,
MgCOs) lam khéi lwong cdc mau giam, peak diém nhiét chuyén héa nam trong khoang
720+740°C. T cac gia tri ham luong mét khéi lugng ta thay luong lién két vat 1y, nuéc lién
két hoa hoc va ham lugng cac khoang céc bo nat trong da CKD con khé 16n khi ¢ tudi 7 ngay
nhung cac gia tri ndy bi giam manh khi ¢ tudi 28 ngay. Khi CKD c¢6 MK ham luong cac
khoéang portlanzit va cac bo nat giam manh, cac khoang C-S-H ting so véi mau CKD khong
st dung MK. Diéu nay ching to hau hét cac san pham thuy héa & dang C-S-H, khoéang
portlandit cling thyc hién phan tng puzolan véi MK dé chuyén thanh céc san pham dang C-S-
H va C-A-H bén viing hon.
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Hinh 8. Két qua phan tich TG-DTA va ham luong cac san pham thay héa caa CKD & tudi 7 ngay.
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Hinh 9. Két qua phan tich TG-DTA va ham lwong cac san pham thay héa cia CKD & tudi 28 ngay.

Dé xac dinh sy xuat hién va ham luong cua cac khoang vat trong miu da CKD, thi
nghiém phan tich XRD ban dinh lugng dugc st dung va két qua thé hién trén Hinh 10 va

Hinh 11.
7 ngay ¢ Gypsum
¢ O Bohmite
[} ’ V Gismondine
, B Portlandite
¢
| ¢
0 | X Ve ¢ ¢ ¢
— CP3-FGD
{ 1 ( —— CP3-TCTN
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— CP12-TCTN
5 15 25 35 45 55 65
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Hinh 10. Két qua phan tich XRD tudi 7 ngay.
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Hinh 11. Két qua phan tich XRD cac cap phdi tudi 28 ngay.

Tir Hinh 10 va Hinh 11 cho thay cac pick khoang chinh caa mau d4 CKD la da thach cao
gypsum (CaS04.2H20) dugc tao ra bsi qua trinh hydrat hoa thach cao FGD. Ngoai ra ciing
con mot s6 dang khoang khac tir sy thay héa cua xi mang va hon | hop ¢6 MK nhu portlandite,
ettringite, gismondine, bohmite, C-A-H, quartz, dolomite. Cac mau CKD ¢ tudi bao dudng 28
ngdy c6 ham lugng khoéng portlandite giam han so véi ¢ tudi 7 ngay. Co ché phan (ing tao
cac khoang trong hon hop CKD khi ¢6 MK ¢6 thé duoc giai thich nhu sau: xi mang phan ang
VGi nudc sé cung cap mai truong kiém cho hdn hop CKD; SiOz va Al20s hoat tinh dugc hoa
tan va két hop vai Ca?* va SO4>~ trong hdn hop dé tao thanh ettringit va gel C-S—H. Sau 28
ngay hydrat hoa (Hinh 11), cudng do 16n nhat cua ettringit ting nhe va cuong do Ion nhat cua
CaS04-2H,0 va Ca(OH), khong d6i. Piéu nay ching to rang viéc bd sung dong thoi xi mang
va MK ¢ loi cho viéc tdi wu hoa hon hop CKD ba thanh phan st dung thach cao FGD. Hay
noi cach khac, viéc thém luong mé ta cao lanh thich hgp vao hon hop thach cao - xi mang co
thé cai thién cudong do nén cua hdn hop CKD ba thanh phan.

Tir Hinh 12 thay ring ¢ tudi 7 ngay & cac cap phdi ton tai chii yéu 1a khoang Gypsum
chiém tir 77% cua cap phdi CP12-TCTN dén 91,6% cua CP12-FGD, ngoai ra con xuat hién
khoang Porlandite tir 8,4% cua CP12-FGD dén 13,6% cua cp phbi CP12-TCTN, bén canh do
cap phéi CP12-TCTN con xuat hién thém khoang Dolomite v&i ham luong 9,4%.

Hinh anh chup vi ciu triic cdc mau da CKD thach cao hdn hop & tudi 7 ngay va 28 ngay
dugc thé hién trén Hinh 13. C6 thé quan sat thay tir Hinh 13 riang sau khi thém xi ming va
MK, ngoai thach cao dihydrat, cac san pham hydrat hoa bao gdm C-S—H gel va ettringite. San
pham hydrat hda gel C—-S—H s& hap phu va bao boc trén bé mat thach cao dihydrat, cai thién
d6 6n dinh va lap day hiéu qua cac 16 rdng trong ciu tric ¢4 CKD, giam do xdp va ting déng
ké do dic vi cdu truc, gitp ting cudng dang ké kha niang chdng nuéc caa CKD. Lép gel C-S—
H bao boc bé mit thach cao, ngan chin sy hoa tan cua thach cao dihydrat va tao thanh ciu
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trac da ran chic va chat ché. Theo két qua SEM gilp khang dinh cap phdi 60% FGD va 40%
xi mang (CP3) va 36% thach cao FGD, 36% xi mang va 4% mé ta cao lanh (CP14) la cac ty
I¢ t6i wu cua CKD thach cao hon hop hai hoac ba thanh phan.

Tir Hinh 13 thiy rang & cac mau da CKD déu c6 mot s6 khoang chu yéu 1a khoang C-S-H
kha dong nhat, entrigit dang soi hinh kim, xen Ian 1a khoang porlandite c6 dang hinh phién
mong. Cac mau CKD c6 tudi bao dudng 28 ngay cd su xuét hién khoang portlandit it hon
mau & tudi 7 ngdy va cac mau c6 MK ciing c6 ham su xuét hién cac khoang C-S-H day dic
hon.
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Hinh 12. Cuong d6 xuét hién cac khoang chinh co trong ¢4 CKD & tudi 7 ngay va 28 ngay.
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H‘mh 13. Anh chup SEM cua cac mau da CKD & tudi 7 ngay va 28 ngay.

4. KET LUAN
Trong nghién ctru nay, cudng do nén va cac dac tinh hydrat hda cua hon hgp CKD hai

hogc ba thanh phan tir thach cao FGD- xi ming- mé ta cao lanh da duoc phan tich. Trén co s&
cac két qua thuc nghiém thu dugc, mot s6 két luan dugc rut ra nhu sau:
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(1) Hoan toan c6 thé sir dung 50+60% phé thai thach cao FGD két hop véi xi miang Pooc
ling va phu gia khoang mé ta cao lanh dé ché tao chit két dinh thach cao hdn hop bén nuéc
cuong d6 cao. Loai chat két dinh nay cé thé ung dung trong san xuét cac tim tudng chiu luc
va chiu nudc trong thi cdng cac cong trinh xay dung.

(2) Ty Ié thanh phan vat liéu hop Iy caa hdn hop CKD the_lch~ cao hai thanh phan 13 60%
thach cao FGD va 40% xi méang. V6i ty I¢ nay, CKD thach cao hon hop c6 cuong d6 nén cao
dat 38,7 MPa va c6 kha nang chiu nudc not vai hé sé6 hda mém dat 0,83.

(3) Ty I¢ téi wu cua hdn hop CKD ba thanh phan 12 60% thach cao, 36% xi mang va 4%
mé ta cao lanh. Theo ty I¢ nay, CKD ba thanh phan the hién chat lugng cao hon ca h¢ CKD
hai thanh phan véi cuong do nén dat 47,7 MPa va hé s6 hda mém dat 0,86.

(4) Khi thém xi mang va mé ta cao lanh, cac san pham thay héa caa CKD hdn hop géc
thach cao FGD chu yéu bao gom cc tinh thé thach cao dihydrat, ettringit va gel C-S—H, C-A-
H. Nhiing san pham nay sé& lap day va bao boc cac tinh thé thach cao dihydrat, do d6 cai thién
dang ké d6 bén va kha ning chiu nudc cua chat két dinh.
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