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Tém tit

Viéc nghién ciiu, ung dung xi 16 cao nghién min két hop véi thach cao phdt pho dé ché tao chit két dinh siéu
sun phat da dugc mot sb nudc trén thé gidi thuc hién. Tuy nhién chd dé nay & Viét Nam con chua nhan dudc
nhiéu su quan tim. Mot trong nhiing nhugc diém chinh han ché tinh kha thi ctia chit két dinh (CKD) nay 1a
qud trinh thity héa va ran chic dién ra tuong d6i cham, dic biét & tudi sém. St dung mubi Na,CO3 c6 thé khic
phuc dudc nhudc diém. Két qua nghién citu cho thiy, viéc st dung tir 10 dén 20% PG két hop tir 70 dén 80%
xi 16 cao hat héa nghién min (GGBFS) véi mot ham lugng nhd xi ming va phu gia kich hoat c¢6 thé ché tao
CKD dat cudng do nén tuong duong xi ming mac 40. Cudng do nén 16n nhit sau 28 ngay tudi c6 thé dat trén
60 MPa. Ham lugng phu gia Na,COs tdi uu dudc xdc dinh khodng 3%. Thai gian dong két thod min yéu cu
clia xi ming dung trong xdy dung. Viéc nghién cidu st dung cac loai phé thai cong nghiép dé ché tao CKD sé
g6p phin 1am giam gid thanh san phim vita va bé tdng, nang cao y nghia phat trién xdy dung bén viing & Viét
Nam.

Tir khod: chat két dinh; cudng do; thach cao phét pho; xi 16 cao nghién min.

EFFECT OF NA,CO3; CONTENT ON THE STRENGTH OF SUPER SULFATED CEMENT USING GROUND
GRANULATED BLAST FURNACE SLAG AND PHOSPHOGYPSUM

Abstract

The research and application of ground granulated blast furnace slag combined with phosphogypsum to make
super sulfated cement has been carried out in several countries worldwide. However, this topic in Vietnam has
not received much attention. One of the main drawbacks of this binder is that the hydration and hardening
processes are relatively slow, particularly at an early age. The use of Na,CO3 can overcome the disadvantage.
Research results show that the combination of 10-20% PG along with 70-80% ground granulated blast furnace
slag (GGBFS) with a small amount of cement and activator in binders provides the compressive strength equiv-
alent to grade-40 cement. The compressive strength that can be obtained at 28 days is over 60 MPa. The optimal
content of the Na,COj activator is about 3%. The setting time meets the requirements of cement used in con-
struction. The study of using industrial wastes to make binders will decrease the cost of mortar and concrete,
improve the meaning of sustainable construction development in Vietnam.

Keywords: binder; compressive strength; phosphogypsum; ground granulated blast furnace slag.
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1. Dat van dé

O nhiém méi trudng dang 12 dé tai thu hiit sy quan tim ctia tit ca cdc qubc gia trén thé gidi. Su
phat trién b at cia nén san xuét cong nghiép néi chung va nganh san xuit vit liéu xay dung ndi riéng
da dit ra van dé vé luong phat thai, rdc thii ngay cang 16n, doi hoi dudc tdi st dung dé tranh 6 nhiém
moi trudng. Chinh vi vy, viéc nghién ctiu sit dung céc thai phdm cong nghiép d€ ché tao ra cic san
phidm vat liéu xay dung c6 y nghia kinh té k§ thuat, ddm bao nén san xuét xanh va bén viing.

Xi 10 cao 13 phé thai ctia nganh cong nghiép luyén gang thép, thii phdm & dang hat c6 dudng kinh
tir 10 mm dén 200 mm. Py la san phdm phu clia qua trinh luyén quing oxit sat thanh gang. Hién nay,
xi 12 vat liéu phd bién dudc dung trong san xuit xi ming xi 10 cao trén thé gi6i [1]. Viéc tan dung phé
thai xi 10 cao trong san xuét xi ming va chit két dinh da gép phan vao viéc xii Iy ngudn phé thai cong
nghiép vi xi miing chiia xi 10 cao c6 nhiéu tinh chit dic biét nhu bén trong moi trudng nudc bién, bén
sunfat, it tda nhiét, phu hop véi bé tong khoi 16n, chong thim tbt, ...

Thach cao phét pho phé thai (PG) 12 mot sdn phdm phu ctia viée san xuét axit phosphoric (H3PO4)
bing phuong phap uét trong nganh san xuit phan bon. Nui ba thai thach cao phdt pho cao hang chuc
mét, rong nhiéu ha, v6i lugng ton trit 3,5 triéu tin ctia Cong ty C phan DAP Vinachem tai Khu cong
nghiép Pinh Vi, thanh ph6 Hai Phong, khién nhiéu ngudi dan lo ling vé hi€ém hoa méi trudng, ton
tai sudt nhiéu nim qua van chua giai quyét triét d€ [2]. Tuy nhién, mot bai todn dit ra 1am thé nao dé
phét huy hiéu qua 2,56 triéu tin ba PG ctia DAP, trong khi du luan dang lo ngai ba PG giy 6 nhiém
moi trudng do chifa nhiéu chit doc hai nhu axit HF, H,SOy4, H3PO4 va mubi kim loai ning [3]. PG
dugc st dung trong mot s linh vuc c6 tinh kha thi cao vé mit k¥ thuat ciing nhu kinh té va di dudgc
chiing minh thong qua céc sb liéu nghién ctiu ¢ nhiéu nudc trén thé gidi cling nhu thyc té & Viét Nam.
O céc nude phét trién nhu Phap, My, Anh, An D9, Trung Qudc, PG sau khi tuyén c6 thé ding cho
ché tao xi miang Portland va xi ming Portland xi, va két qua thu dugc khang dinh hoan toan c6 thé sit
dung PG dé€ thay thé thach cao tu nhién trong ché tao xi ming Portland [4]. Ngoai ra, do su hién dién
ctia amonium sulfate c6 gid tri cung cip dudng chit cho dit, PG ciing dudc st dung nhu chét cai tao
dét ddi véi cac loai dét thiéu canxi va phospho. Gan day, viéc nghién ciu &nh hudng cia cac tap chit
phdt phat va fluoride trong PG dén thoi gian dong két ciing nhu su phét trién cudng dd, hinh thdi hoc
ctia CKD thach cao da dugc diy manh [5].

Hién nay, trén thé gi6i xuat hién nhiéu huéng nghién citu st dung chét két dinh siéu sun phat trong
xay dung nhu 1am vat liéu san 14p dudi dang hdn hop gia cb xi ming, 1am 16p méng trong xiy dung
dudng giao thong, dudng cao tc, ... [6, 7], hoic thay thé xi ming Pooc ling lam CKD dung dé xay
trat [8]. Chét két dinh hdn hop st dung loai phé thii PG nay ciing dudc nghién ctiu nhiéu trén thé gidi
[8—10]. Singh di nghién ctiu CKD c6 do bén cao dua trén phé thii PG khan (thach cao nung & nhiét
dd cao), tro bay, GGBFS va xi ming podc ling thudng [10]. Két qua nghién cifu con cho thiy CKD
nay phit hop dé thay thé mot phan (c6 thé dén 25%) xi ming trong bé tong ma khong gay ra bat ky
tac dong bt 16i nao vé cudng do.

Viéc str dung vt liéu chét két dinh chita ham Iuong xi 10 cao 16n ¢6 thé mang lai nhiing 1gi ich nhu
giam nhiét thuy héa va cai thién kha ning bén sun phat, chéng thim clorua, ting do bén lau [11-13].
Tuy nhién, vin c6 nhiing vin dé véi cac dic tinh co hoc ctia chit két dinh nay [14, 15]: cudng do
ban dau thip hon, d6 co ngét khi siy kho cao hon va kha niing chdng cacbonat héa thip hon so véi
xi ming Pooc ling thong thudng. D€ st dung chit két dinh nay mot cich an toan trong san xuit bé
tong, thi nhitng han ché trén cin dugc cai thién. Mot s6 nghién ciiu di chi ra ring cuong do ban dau
thip ctia chat két dinh chia ham lugng xi 16n c6 thé dugce khic phuc bang cich thém céc chét hoat
héa kiém (vi du, natri hydroxit, natri silicat hodic natri sun phat) thuong dudc sit dung dé€ kich hoat
GGBFS. Céc nghién cifu trude ddy da khao sat viéc st dung ngudn natri cacbonat (Na,CO3) d€ kich
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hoat GGBFS [16-18]. Abdalgader va cs. [19] d4 bdo cdo anh hudng dén cudng do nén ctia viéc st
dung Na,COj3 d€ kich hoat hdn hop tro bay va xi. Céc tac gia luu y rang cudng do ctia hdn hop tro
bay - xi dudc kich hoat bang Na,COj3 ting 1én theo thdi gian dong ran ciing nhu ham lugng Na,COs3,
va cudng do 3 cac do tudi ban dau phu thudc vao ham lugng Na,CO3 nay. Do dé, c6 thé ky vong ring
NayCOj3 c6 thé dong mdt vai trd quan trong trong qué trinh phat trién cudng do giai doan diu cia chét
két dinh siéu sun phat. Tuy nhién, nghién cifu vé cudng do6 tudi sém ctia chit két dinh sun phat xi v6i
Na,COj la chit hoat héa chinh con han ché nén bai bdo huéng dén nghién ctiu nay dé c6 thé ting tinh
ting dung thuc tién ctia chét két dinh sun phat xi & Viét Nam.

2. Vit liéu st dung va phueng phap nghién citu

2.1. Vit liéu su dung

Vit liéu st dung trong nghién ctfu gdm: Thach cao phé thai phdt pho (PG), xi 10 cao thuong mai
S95 ctia Hoa Phat (GGBFS), xi mang Bt Son PC40 (XM), phu gia Natri Cacbonat (Na,CO3), phu
gia siéu déo MC-PowerFlow 3809. Tinh cht ki thuit va thanh phan héa ctia vat liéu st dung dudc
trinh bay tif Bang 1 dén Bang 5.

Bang 1. Thanh phan héa ctia vat liéu st dung

Oxit SlOz F6203 A1203 CaO MgO NaZO KQO SO3 P205 MnO MKN
Xi mang 20,3 5,05 3,51 62,81 3,02 - - 2 - - 1,83
Thach cao 2,99 0,87 0,56 2807 069 0,03 05 425 293 039 1992
XiHoaPhat 12,38 0,66 - 3452 725 043 0,24 41,54 - - 0,96

Chii thich: ky hiéu “MKN”: lugng mét khi nung va “-”: ham lugng khong déng ké

Bang 2. Tinh chét ctia xi 10 cao nghién min st dung trong nghién ctiu

STT Cac chi tiéu Don vi Gia tri Phuong phap thui
1 Khéi lugng riéng g/em® 2,96 TCVN 4030:2003 [20]
2 Chi sb hoat tinh vé6i xi ming % 106,2 TCVN 4315:2007 [21]
3 Puodng kinh hat trung binh wm 10,8 Phan tich Lazer
4 Mit khi nung (MKN) % 0,96 TCVN 141:2008 [22]

Thanh phan khoéng ciia thach cao phé thii dudc xdc dinh biang phuong phap nhiéu xa Ron ghen
(XRD) va trinh bay trong Bang 3.

Bang 3. Thanh phan khoang ctia thach cao phé thai

CaS0O4-2H,0 CaS0O4-0,5H;0 CaSOq4

-

&9 It 0,5

Phu gia Soda NayCOs: ¢6 dang bdt mau trang, ham lugng Na,CO; t6i thi€u 99%, c6 do tan rét
16n trong nudc. Khéi lugng riéng: 2,54 g/cm?. Phu gia Na,COj3 dudc st dung trong nghién ctu thic
ddy qua trinh ran chic ctia chit két dinh hn hop.
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Bang 4. Tinh chit co ly clia xi ming PC40 Biit Son

Tinh chét Don vi Két qua Yéu cau Phuong phép thir
Do min s6t sang % 0,60 <10 TCVN 4030:2003 [20]
Luong nudc tiéu chuin % 29,5 - TCVN 6017:2015 [23]
Thoi gian bat diu dong két Phiit 120 > 45 TCVN 6017:2015 [23]
Thoi gian két thic dong két Phut 215 <375 TCVN 6017:2015 [23]
Cuong do nén 3 ngay MPa 28,8 >21,0 TCVN 6016:2011 [24]
Cudng d6 nén 28 ngay MPa 53,1 >40,0 TCVN 6016:2011 [24]
Khéi lugng riéng g/em® 3,12 - TCVN 4030:2003 [20]

Bang 5. Tinh chit ctia phu gia siéu déo MC-PowerFlow 3809

TT Tén chi tiéu DPon vi Két qua Ghi chu
1 Ty trong g/em’ 1,07+0,05
2 Mau séc - Vang nau
3 Liéu lugng khuyén nghi lit 0,6 -1,6 1it/100 kg CKD
4 Liéu lugng dién hinh lit 0,6 -1,2 1it/100 kg CKD
5 Ham lugng Clo %o <0,1

2.2. Phuong phdp nghién ciiu

Bai bdo st dung cac phuong phdp thi nghiém theo tiéu chuin dé€ xac dinh céc tinh chat ki thuét
chii yéu clia vat liéu st dung (phuong phép cu thé dugc ghi 1o trong cidc Bang 2 dén Bang 4). Tinh
chat k¥ thuat nghién ctiu nay huéng dén 13 cudng do nén va thdi gian dong két ctia chit két dinh.

Qua trinh tron chét két dinh hdn hop dudc tron theo quy trinh sau:

Hén hop CKD dudgc tron kho theo ty 1¢ cAp phdi trong khodng 3 phiit d& c6 hén hop kho dong
nhit sau d6 tién hanh d& nudc vao va tron trong mdy tron & ché do thi cong, tdng thdi gian tit lic d6
nudc dén lic tron xong khoang 4 phiit.

Quy trinh trdn chia lam 2 giai doan:

- Tron 1 phiit trong may tron & téc do chim. Sau d6 ditng tron va tién hanh cao ddy cdi tron dé
hén hop dudc tron déu.

- Tron 2 phiit trong mdy tron & téc do nhanh.

Qua trinh dic miu: Khudn vita 50x50x50 mm sau khi lau ddu dudc dit 1én mdy din, ngay sau
khi qua trinh tron két thic tién hanh cho hd vao 1/2 khudn sau d6 din 30 céi trong khoang 30 gidy,
tiép tuc cho ho vao diy khuon va din thém 30 cdi. Sau d6 dung thudc thép gat bing mit khudn rdi ky
hiéu mau va boc mau trong tii nilon dé bao dudng trong khuon trong thdi gian 24 + 2h, tai nhiét do
ctia phong thi nghiém (20 °C dén 30 °C). Cudng dd nén ctia chit két dinh dudc do & 3 va 28 ngay. Két
qué dugc bao cdo 1a trung binh clia ba mau.

Vé thoi gian dong két ctia chét két dinh, luong nudc tiéu chuin khong dudc ding trong x4c dinh
thdi gian dong két nhu xi ming Pooc ling theo TCVN 6017:2015 [23]. Bai b4o c¢b dinh ty 18 N/CKD =
0,325 va ham lugng Na,CO3 & miic tdi wu dé xdc dinh thdi diém bat dau dong két va két thiic dong két
ctia xi méing. Viéc c¢d dinh ty 1& nay nhiam loai bd anh hudng bdi luong nudc nhao tron (hiéu ing pha
lodng), ma chi quan tim dén 4nh hudng cia ty 1& cAp phbi dén qua trinh dong két ctia chat két dinh.
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3. Cép phdi thi nghiém

Anh huéng ctia ham lugng PG, GGBFS, xi ming va phu gia dong két nhanh Na,CO3 dén cudng
dd nén cia CKD dudc nghién ctu qua 27 cip phdi v6i ty 16 CKD khéc nhau. Phu gia kich hoat
Na,CO3 dudc thém vao véi ty 1& 2, 3 va 4% theo trong lugng. Ty 1&é N/CKD dudc cb dinh 1a 0,325.
Cudng dd nén ctia cac miu CKD nay sau d6 dudc so sanh vé6i cip phdi dbi ching (CKD sit dung
100% xi miing) dé thiy ro dudc hiéu qua st dung phé thai thach cao va phé thai xi 10 cao trong chit
két dinh. Ty 1& cip phdi cic nguyén vat liéu thanh phan cho chit két dinh dugc thé hién trong Bang 6.

Bang 6. Thanh phan ctia cac cip phdi hdn hgp chit két dinh dugc kich hoat bing Na,CO5 trong nghién ciiu

Thanh phan cip phdi, %

STT  Teén cip phdi : : Ty 1&é N/CKD
GGBFS PG Xi mang Phu gia NayCO3

1 CP.85.10.5.2 85 10 5 2 0,325
2 CP.85.10.5.3 85 10 5 3 0,325
3 CP.85.10.5.4 85 10 5 4 0,325
4 CP.80.15.5.2 80 15 5 2 0,325
5 CP.80.15.5.3 80 15 5 3 0,325
6 CP.80.15.5.4 80 15 5 4 0,325
7 CP.75.20.5.2 75 20 5 2 0,325
8 CP.75.20.5.3 75 20 5 3 0,325
9 CP.75.20.5.4 75 20 5 4 0,325
10 CP.80.10.10.2 80 10 10 2 0,325
11 CP.80.10.10.3 80 10 10 3 0,325
12 CP.80.10.10.4 80 10 10 4 0,325
13 CP.75.15.10.2 75 15 10 2 0,325
14 CP.75.15.10.3 75 15 10 3 0,325
15 CP.75.15.10.4 75 15 10 4 0,325
16 CP.70.20.10.2 70 20 10 2 0,325
17 CP.70.20.10.3 70 20 10 3 0,325
18 CP.70.20.10.4 70 20 10 4 0,325
19 CP.75.10.15.2 75 10 15 2 0,325
20 CP.75.10.15.3 75 10 15 3 0,325
21 CP.75.10.15.4 75 10 15 4 0,325
22 CP.70.15.15.2 70 15 15 2 0,325
23 CP.70.15.15.3 70 15 15 3 0,325
24 CP.70.15.15.4 70 15 15 4 0,325
25 CP.65.20.15.2 65 20 15 2 0,325
26 CP.65.20.15.3 65 20 15 3 0,325
27 CP.65.20.15.4 65 20 15 4 0,325
28 CP.100 0 0 100 0 0,325
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4. Két qua thi nghiém

Dé tai huéng dén viéc ché tao dugc mot loai chit két dinh siéu sun phét c6 cudng do nén tuong
duong xi ming mac 40, ddng thai khic phuc dude nhude diém han ché tinh kha thi ctia chit két dinh
nay la qua trinh thuy héa va ran chic dién ra tuong dbi cham. Tinh chét ctia chit két dinh dugc nghién
cifu bao gdm cudng d6 nén va thdi gian dong két. Cudng dd nén ciia cac mau CKD dudgc so sanh véi
cAp phdi dbi chiing d€ thiy ro dugc hiéu qua sit dung phé théi thach cao va phé thai xi 10 cao trong
chit két dinh.

4.1. Anh huédng ciia ham lugng xi mang dén cuong do chdt két dinh ¢é ham luong sun phdt cao

Két qua anh hudng ctia lugng dung xi ming dén cudng do nén clia cdc mau chit két dinh & 3 ngay
tudi va 28 ngay tudi dudc thé hién trong Hinh 1 dén Hinh 6.

50 80

i 3 ngay, MPa
i 28ngay, MPa

01

Cuong ddnén
Cuéng donén & tu

Hinh 1. Cudng do nén cic miu CKD & 3 ngay tudi st Hinh 2. Cudng do nén cac miu CKD & 28 ngay tudi
dung ham lugng xi mang khac nhau va 2% phu gia st dung ham lugng xi mang khac nhau va 2% phu gia
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Hinh 3. Cudng dd nén cac miu CKD & 3 ngay tudi st Hinh 4. Cudng do nén cdc mau CKD & 28 ngay tudi
dung ham lugng xi mang khac nhau va 4% phu gia st dung ham lugng xi mang khéc nhau va 4% phu gia
Na,COs3 Na,CO3
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Hinh 5. Cudng do nén cdc mau CKD & 3 ngay tudi s Hinh 6. Cudng do nén ciac mau CKD & 28 ngay tudi
dung ham lugng xi mang khac nhau va 3% phu gia st dung ham lugng xi mang khac nhau va 3% phu gia
Na,CO; Na,CO;

Cic két qua trén cho thdy: Cuong do & tudi 3 ngay cla cac miu CKD phu thudc 16n vao ham
luong xi ming st dung. Cudng do ctia nhém CKD st dung 5% xi ming thip hon nhém sit dung 10%
va 15%, trong d6 mau CP.70.20.5 c6 gié tri cudng do nén thip nhat. Khi ting ham Iugng xi ming 1én
10%, cudng do nén & tudi 3 ngay ctia miu CP.75.15.10 dat gia tri cao nhat (Hinh 1, Hinh 5, Hinh 3).
O tudi 3 ngay, cudng do cic mau CKD hau hét déu khong dat 40 MPa, chénh léch gid tri cudng do
gitta cdc miu tuong d6i nhiéu. Tuy nhién, & tudi dai ngly thi cudng do cic miu CKD nay lai ting
dang ké do tdc do hinh thanh cac khodng c6 cuvng do dudc diay manh. Qua trinh phat trién cudng do
nay c6 lién quan dén su hinh thanh C-S-H nhd vao kha niing kich hoat GGBFS ctia xi miing va thach
cao. Tuy nhién, khi ty 1& xi ming trong CKD ting 1én 15%, nhét 1a cip phdi chita ham lugng sun phat
cao thi cudng do c6 hién tuong bi suy giam. Nguyén nhan c6 thé 1a do céc ion Ca®* tich tu va lam
ting d6 kiém trong qua trinh hydrat & tudi mudn, entringite dang bé dudc hinh thanh nhiéu hon giy
ap luc tinh thé 1am nit v3 cAu tric gy suy giam cudng do [19, 25]. Do d6 ham lugng xi ming trong
chét két dinh khong nén vuot qua qué 15%.

O tudi 28 ngay, c6 thé thay hiu hét cic mau chét két dinh c6 cudng dd nén dat trén 40 MPa. Quy
luat anh hudng ctia ham lugng xi ming dén cudng do chét két dinh ciing tuong tu nhu tudi s6m ngay
nhung miic do it rd rét hon. Cudng do nén ctia mau CP.75.10.15.3 dat gia tri cao nhét 12 66,4 MPa
- cao hon miu vita xi ming d6i chiing c6 cudng do 1a 64,5 MPa (Hinh 6). Cudng do nén clia mau
CP.85.10.5.4 dat gia tri nho nhét 1a 37,6 MPa (Hinh 4). Mau CKD sit dung 15% xi ming va 65%
thach cao (nhém cip phdi CP.65.20.15) van c6 cudng do thip nhit.

4.2. Anh hudng ciia ham lugng phu gia NayCO3 dén cuong dé ciia chdt két dinh

Mot trong nhitng nhuge diém 16n nhét cla chit két dinh ma bai b4o nghién ciu 1a c6 cudng do
& tudi s6m kha thip, tham chi sau 24 gid mau van chua ran chic (dang con mém). Vi viy, dé ting
tinh thuc tién cla viéc ing dung loai chit két dinh nay trong thuc t€, cAn thiét phai nghién ctiu loai
va ham lugng phu gia kich hoat phit hop. Viéc bd sung Na,CO3 gép phan 1am ting do hoat héa clia
GGBFS, néi cach khéc 1a 1am ting cudng hoat tinh pozzolanic ctia GGBFS, tit d6 din dén hinh thanh
mot lugng bd sung khoang canxi silicat hydrat C-S-H, thiic ddy téc do ran chic va su phat trién cudng
dd cta chét két dinh [26].

Két qua anh hudng ctia ham lugng phu gia Na,CO3 dén cudng do chit két dinh dugc thé hién
trong Hinh 7 va Hinh 8.
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G chiit k&t dinh, MPa
hit két dinh, MPa

Gnén clia cic miu cl

G nén clia cic mau cl

Cueng d
Cuong d

Hinh 7. Cudng d6 nén mau CKD st dung 2%, 3%,  Hinh 8. Cudng do nén mau CKD st dung 2%, 3%,
4% Na,COj3 & 3 ngay tudi 4% Na,COj3 & 28 ngay tudi

Cic két qua trén cho thay: Kha ning kich hoat cudng do & tudi sém (3 ngay tudi) ctia phu gia
Na,CO; khong thé hién rd nét dbi v6i nhém chét két dinh st dung 5% xi ming. Sau khi nhao tron
v6i nudc, san pham thuy hoa 1a ettringite (C3A -3 CaSO, - 32 H,O) va C-S-H hinh thanh ngay cang
nhiéu. Ettringite két tinh tif dung dich qué bdo hoa véi su c6 miit ctia Ca(OH),, d6 pH khoang 11,5-
11,8 trong céc 16 rong 16n. Chinh sy hinh thanh ettringite thic diy cudng do cia loai CKD nay & tudi
s6m [27, 28]. V6i nhém chét két dinh st dung 5% xi ming, lugng ettringite sinh ra chua di dé thic
ddy cudng do tudi sém ngay. Cudng do nén & tudi 3 ngay ctia mau CP.75.20.5.4 dat gi4 tri thip nhit
la 16,5 MPa (Hinh 7).

Khi ting ham lugng phu gia Na,CO3 tif 2% 1én 4%, su thay ddi vé cudng do cia chat két dinh
khong 16n va khong thuc su rd nét. Ham lugng phu gia NayCOs tdi uwu khoang 3% cho chit két dinh
c6 cudng do cao nhét con cip phdi chita 4% Na,CO3 hau nhu c6 cudng do nén thap nhit. Cudng do
nén & tudi 28 ngay ctia mau CP.75.10.15.3 dat gi4 tri cao nhit 12 66,4 MPa (Hinh 8).

4.3. Thoi gian déng két ciia mdu chdt két dinh

Két qua thi nghiém xac dinh thoi diém dong két ctia CKD dudc thé hién trén Hinh 4. Nghién ctiu
st dung luong nudc theo ty 1& cb dinh N/CKD = 32,5% va ham lugng Na,CO3 & mic 3% dé xdc dinh
thai diém bat dau dong két va két thic dong két ctia xi ming

HThéi gian bit diu déng két  EThoi gian két thic déng két

Thert gian déng két ciia CKD, phint

N
o

Hinh 9. Biéu do thdi gian dong két clia cac mau CKD so véi mau dbi chiing
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Tt két qua va biéu do trén Hinh 9 ¢c6 mot s6 nhan xét quan trong dé dang nhan thiy vé thai gian
dong két ctia cac mau CKD:

Khi ham lugng xi ming ting tit 5% dén 15%, thi thoi gian bat dau dong két dusng nhu dudc kéo
dai 1au hon nhung thoi gian két thic dong két lai c6 xu huéng ngin lai. Mau CKD st dung 5% xi
ming c6 thoi gian bat diu dong két ngin nhét, khoang tit 70 phiit dén 80 phit, nhung thdi gian két
thic dong két lai 16n nhat, khoang tir 250 phiit dén 260 phuit.

Két qua nghién ciiu khong chi ra dudc su khéac nhau trong cing mot nhém cap phéi st dung 5%
va 10%. Trong khi d6, nhém mau st dung 15% xi ming thé hién rd xu huéng thoi gian bit dau dong
két dai ra va két thiic dong két ngan lai khi ham lugng thach cao ting 1én tir 10% dén 20% (tuong ting
xi 10 cao gidm xudng). Diéu nay c6 thé do khodng ettringite hinh thanh s6m ngin can qu4 trinh thuy
héa ban dau ctia xi ming. Sau khi nhao tron véi nude, thach cao bit diu bi hoa tan va ion sulfate s&
nhanh chéng bio hoa trong dung dich, ddng thdi lic nay xi ming ciing bit diu bi thuy héa dé tao ra
khoang C-S-H, ettringite va Ca(OH),. Do dugc kich hoat bdi Ca(OH), va ion sulfate, xi 16 cao bi hoa
tan va sau d6 phan ting ngugc lai véi Ca(OH); va céc ion sulfate, hé qua 13 hinh thanh ngly cang nhiéu
céc san pham thuy héa la ettringite (C3A -3 CaSOy - 32 H,O) va C-S-H [28]. Su hinh thanh khodng
C-S-H ciing kh4 quan trong trong sy phat trién cudng do cia hdn hgp chit két dinh nay. Hon nia
chinh khoang C-S-H d6ng vai tro chinh cho su phat trién cudng do lién tuc ctia loai chat két dinh nay
4 tudi muon.

Mau d6i ching (CP.100 - 100% xi ming, ty 18 N/X = 0,325) ¢ thoi gian bat dau dong két 145
phut, két thiic dong két 225 phut. So sanh véi viéc st dung lugng nudc tiéu chuan (Ntc = 29,5%, thoi
gian bat dau dong két 120 phuit, két thiic dong két 215 phuit), thi viéc ting lugng nudc nhao tron CKD
1én 32,5% c6 lam ting thdi gian dong két nhung chi kéo dai thém khoang 10 phit dén 20 phiit va vin
trong mién quy pham cho phép vé thai gian dong két. Vi vdy, c6 thé so bd két luan cac mau CKD c6
ham lugng sun phat cao c6 thdi gian dong két dap ting tiéu chuin quy dinh cda xi ming.

5. Két luan

Trén co s nguyén vat liéu sit dung va diéu kién thi nghiém da thuc hién, nghién ctiu dua ra mot
s6 két luan sau:

— Pé tai da ché tao dudc chat két dinh c6 ham luogng sun phat cao tif thach cao phé thai va xi 16 cao
nghién min, cudng do nén cao nhét dat dén 66 MPa & tudi 28 ngay. Viéc st dung phu gia rin nhanh
Na,COj3 di khic phuc dudc nhude diém ran chic cham ctia chit két dinh nay. Thoi gian dong két rin
chéc thoa min yéu ciu ctia xi ming dung trong xiy dung. Ham lugng phu gia t6i vu khoang 3%.

— Thanh phan chii yéu trong chit két dinh 14 phé thai cong nghiép, lugng xi ming st dung rit it
(5% dén 15%). Vi viy, két qua nghién ciiu clia dé thi ddp dng yéu cau cip thiét vé& phat trién vat lidu
xanh trong bdi canh chét thai cong nghiép ngay cang ting nhu hién nay. Mit khic, viéc st dung phan
16n phé thai trong ché tao chit két dinh c6 y nghia mdi trudng to 16n, huéng tdi bao vé moi trudng bén
ving.

Loi cam on

Tic gia chan thanh cam on su hd trg tii chinh va hd trg trang thiét bi ctia Trudng Dai hoc Xay
dung Ha Noi cho nghién citu “Nghién ctiu ché tao CKD than thién mdi truong chia ham lugng xi 10
cao 16n”.

91



Lé, V. P, va cs. / Tap chi Khoa hoc Céng ngh¢ Xay dung

Tai liéu tham khao

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]
(9]
(10]

(11]

[12]

[13]

(14]

(15]

[16]

(17]

(18]

[19]

(20]
(21]

(22]

Tap chi dién t& Cong nghiép mdi truong, Hiép hoi Céng nghiép moi truong Viét Nam. X7 lo cao trong
sdn xudt xi mdng bé tong.

Xi ming Viét Nam, Hiép hoi Xi ming Viét Nam. Anh hudng ciia phé thdi thach cao PC va cong nghé tdi
ché. Truy cap ngay 29/10/2018.

Lam, N. N. (2020). Eco - concrete made with phosphogypsum-based super sulfated cement. IOP Confer-
ence Series: Materials Science and Engineering, IOP Publishing, 869:032031.

Singh, M., Garg, M. (2002). Production of beneficiated phosphogypsum for cement manufacture. Journal
of Scientific & Industrial Research, 61(7):533-537.

Singh, M. (2003). Effect of phosphatic and fluoride impurities of phosphogypsum on the properties of
selenite plaster. Cement and Concrete Research, 33(9):1363-1369.

Ghafoori, N., Chang, W. F. (1991). Roller-compacted concrete slabs using phosphogypsum. Transporta-
tion Research Record, (1301):139-148.

Lopez, A. M., Seals, R. K. (1992). The environmental and geotechnical aspects of phosphogypsum
utilization and disposal. Mediterranean conference on environmental geotechnology, 437-443.

Garg, M., Singh, M., Kumar, R. (1996). Some aspects of the durability of a phosphogypsum-lime-fly ash
binder. Construction and Building Materials, 10(4):273-279.

Singh, M., Garg, M. (1995). Phosphogypsum — Fly ash cementitious binder — Its hydration and strength
development. Cement and Concrete Research, 25(4):752-758.

Singh, M., Garg, M. (1999). Cementitious binder from fly ash and other industrial wastes. Cement and
Concrete Research, 29(3):309-314.

Basheer, P. A. M., Gilleece, P. R. V., Long, A. E., Carter, W. J. M. (2002). Monitoring electrical re-
sistance of concretes containing alternative cementitious materials to assess their resistance to chloride
penetration. Cement and Concrete Composites, 24(5):437-449.

Gruyaert, E., den Heede, P. V., Maes, M., Belie, N. D. (2012). Investigation of the influence of blast-
furnace slag on the resistance of concrete against organic acid or sulphate attack by means of accelerated
degradation tests. Cement and Concrete Research, 42(1):173-185.

Giineyisi, E., Gesoglu, M. (2007). A study on durability properties of high-performance concretes incor-
porating high replacement levels of slag. Materials of Structures, 41(3):479—493.

sheng Shi, H., wan Xu, B., chen Zhou, X. (2009). Influence of mineral admixtures on compressive
strength, gas permeability and carbonation of high performance concrete. Construction and Building
Materials, 23(5):1980-1985.

Song, H., Saraswathy, V. (2006). Studies on the corrosion resistance of reinforced steel in concrete with
ground granulated blast-furnace slag—An overview. Journal of Hazardous Materials, 138(2):226-233.
Wang, J., Lyu, X., Wang, L., Cao, X., Liu, Q., Zang, H. (2018). Influence of the combination of calcium
oxide and sodium carbonate on the hydration reactivity of alkali-activated slag binders. Journal of Cleaner
Production, 171:622—-629.

Ellis, K., Silvestrini, R., Varela, B., Alharbi, N., Hailstone, R. (2016). Modeling setting time and com-
pressive strength in sodium carbonate activated blast furnace slag mortars using statistical mixture design.
Cement and Concrete Composites, T4:1-6.

Bernal, S. A., Provis, J. L., Myers, R. J., Nicolas, R. S., van Deventer, J. S. J. (2014). Role of carbonates
in the chemical evolution of sodium carbonate-activated slag binders. Materials and Structure, 48(3):
517-529.

Abdalqader, A. F., Jin, F., Al-Tabbaa, A. (2015). Characterisation of reactive magnesia and sodium
carbonate-activated fly ash/slag paste blends. Construction and Building Materials, 93:506-513.

TCVN 4030:2003. Xi mdng - Phuong phdp xdc dinh dé min. B6 Khoa hoc va Cong nghé, Viét Nam.
TCVN 6016:2011. Xi mdng - Phuong phdp thit - Xdc dinh cuong dé. Bo Khoa hoc va Cong nghé, Viét
Nam.

TCVN 141:2008. Xi mdng pooc ldng - Phuong phdp phdm tich hoa hoc. Bo Khoa hoc va Cong nghé,
Viét Nam.

92


https://ximang.vn/nguyen-nhien-lieu/xi-lo-cao-trong-san-xuat-xi-mang-va-be-tong-p2--8728.htm
https://ximang.vn/nguyen-nhien-lieu/xi-lo-cao-trong-san-xuat-xi-mang-va-be-tong-p2--8728.htm
https://congnghiepmoitruong.vn/anh-huong-cua-phe-thai-thach-cao-pc-va-cong-nghe-tai-che-482.html
https://congnghiepmoitruong.vn/anh-huong-cua-phe-thai-thach-cao-pc-va-cong-nghe-tai-che-482.html
https://doi.org/10.1088/1757-899X/869/3/032031
https://doi.org/10.1016/s0008-8846(03)00068-1
https://doi.org/10.1016/s0008-8846(03)00068-1
https://doi.org/10.1016/0950-0618(95)00085-2
https://doi.org/10.1016/0950-0618(95)00085-2
https://doi.org/10.1016/0008-8846(95)00065-k
https://doi.org/10.1016/0008-8846(95)00065-k
https://doi.org/10.1016/s0008-8846(98)00210-5
https://doi.org/10.1016/s0958-9465(01)00075-0
https://doi.org/10.1016/s0958-9465(01)00075-0
https://doi.org/10.1016/s0958-9465(01)00075-0
https://doi.org/10.1016/j.cemconres.2011.09.009
https://doi.org/10.1016/j.cemconres.2011.09.009
https://doi.org/10.1016/j.cemconres.2011.09.009
https://doi.org/10.1617/s11527-007-9260-y
https://doi.org/10.1617/s11527-007-9260-y
https://doi.org/10.1016/j.conbuildmat.2008.08.021
https://doi.org/10.1016/j.conbuildmat.2008.08.021
https://doi.org/10.1016/j.jhazmat.2006.07.022
https://doi.org/10.1016/j.jhazmat.2006.07.022
https://doi.org/10.1016/j.jclepro.2017.10.077
https://doi.org/10.1016/j.jclepro.2017.10.077
https://doi.org/10.1016/j.cemconcomp.2016.08.008
https://doi.org/10.1016/j.cemconcomp.2016.08.008
https://doi.org/10.1617/s11527-014-0412-6
https://doi.org/10.1617/s11527-014-0412-6
https://doi.org/10.1016/j.conbuildmat.2015.06.015
https://doi.org/10.1016/j.conbuildmat.2015.06.015

(23]
[24]
(25]
(26]
[27]

(28]

Lé, V. P, va cs. / Tap chi Khoa hoc Céng ngh¢ Xay dung

TCVN 6017:2015. Xi mdng - Phuong phdp xdc dinh thoi gian dong két va dé on dinh thé'tich. Bo Khoa
hoc va Cong nghé, Viét Nam.

TCVN 4315:2007. X{ hat 1o cao ding dé’sdn xudt xi mdang. B6 Khoa hoc va Cong nghé, Viét Nam.
Stark, J., Frohburg, U., Mielke, I. (2001). Supersulfated cement with and without cement clinker. Pro-
ceedings of the International Symposium on Non-Traditional Cement and Concrete, held Brno (Czech
Republic), 25-138.

Lam, N. N. (2020). Microstructure of Ettringite Binder Exposed to Natural Carbonation. IOP Conference
Series: Earth and Environmental Science, IOP Publishing, 505(1):012002.

Kim, T., Jun, Y. (2018). Mechanical Properties of Na2CO3-Activated High-Volume GGBFS Cement
Paste. Advances in Civil Engineering, 2018:1-9.

Lam, N. N. (2018). A study on super-sulfated cement using Dinh Vu phosphogypsum. 143:012016.

93


https://doi.org/10.1155/2018/8905194
https://doi.org/10.1155/2018/8905194
https://doi.org/10.1088/1755-1315/143/1/012016

	1 Đặt vấn đề
	2 Vật liệu sử dụng và phương pháp nghiên cứu
	2.1 Vật liệu sử dụng
	2.2 Phương pháp nghiên cứu

	3 Cấp phối thí nghiệm
	4 Kết quả thí nghiệm
	4.1 Ảnh hưởng của hàm lượng xi măng đến cường độ chất kết dính có hàm lượng sun phát cao
	4.2 Ảnh hưởng của hàm lượng phụ gia Na2CO3 đến cường độ của chất kết dính
	4.3 Thời gian đông kết của mẫu chất kết dính

	5 Kết luận

