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BAN TOM TAT

Ngay nay, xi mang Portland 1a chit két dinh phd bién trong cac cong trinh xdy dung. Xi ming
Portland d thé hién vai tro khong thé thiéu trong cong cudc xay dung co sé ha ting. Tuy nhién xi
ming Portland ciing ton tai khong it nhitng nhugc diém, dic biét 1a trong cac cong trinh thuy cong,
trong cac moi trudong an mon cao. Vi viy con ngudi doi hoi vé mot loai xi mang dic biét dé khic phuc
nhitng nhugc diém cta xi ming Portland.

Trong bai bao céo nay, nghién ctru vé thanh phan hoa, qua trinh hydrat hoa ciia xi mang Portland
xi 12 mot van dé can thiét.

ABSTRACT

Nowaday, Portland cement is the most popular cement in the constructions. It shows very
important role in the great undertaking of infrastructure. However Portland cement also has some
disadvantages, especially in hydraulic structures, in high corrison environment. So that people
demands one type of special cement in order to overcome the weakness of Portland cement.

Researching the blastfurnated slag, the chemical compositions and the hydration of slag-blended
cement in this paper is necessary.

1. QUY TRINH SAN XUAT XIi ,
) 1.1 Xi dung lam cot liéu
Xi 1a phé thai trong cong nghiép luyén kim,

1a phé pham trong qua trinh san xuat kim loai tir Xi duoc lam lanh cham bang khong khi,
quing sit hay qua trinh tinh che kim loai khong chat nau chay dan chuyén sang mau xam, két
nguyén chit. Trong quing sit thuong cé ldn tinh va tao dang cuc, ting 16n.Cau tric xi rat
nhiing tap chat sét va cat nén khi san xuat nguoi dic sit. Dang xi nay ding cho két cau 40 duong
ta thuong cho vao ciing véi quing sit mot ham hodc 1am cdt liéu trong bé tong.

luong d4 voi thich hop nhat dinh vao 16 nung. Khi lam lanh nhanh hon c6 kém theo mot
Trong qué trinh nung, giita quing sat va da voi lwong nudc cd han, sau d6 hoi nude bi thu hdi
¢6 phan ung tao thanh cac hop chét silicat canxi, lai, dé lai cac 15 rSng, 1o to ong trong cAu tric
silicat alumin va silicat aluminate canxi magie. X1, g?‘”m twong tu nhu da bot. Vat liéu nhe xi bot
Xi 10 cao dugc ndu chay & nhiét do 1400 —  sau d6 dugc nghién va ding lam cét liéu nhe.

1500°C. O nhiét do nay cac hop chit nong chay
hoan toan. Khoi lugng riéng cua cac hop chat 1.2 Xi dang sgi
nong chay nay nhd hon so véi gang nén noi lén

trén. Nguoi ta thao ra ngoai va goi la xi. Phé pham xi duoc ndu chay tro lai, cd thé

San pham xi 16 cao c¢6 3 dang khac nhau, két hop nau chung véi silic hoic mot sd cac
phu thudc vao qua trinh nung luyén va ché do chat khac. Sau d6 duoc 1am lanh nhanh bang tia
lam lanh sau khi ndu chay. khong khi lanh hodc tia nudc kém theo khi. Luc
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nay xi tao thanh soi manh. Dang sg¢i xi 1a mot
loai vat liéu soi cach nhiét rat tot.

1.3 Xi dung trong xi mang

Xi dugc lam lanh rit nhanh va két tinh &
dang thuy tinh. Dang xi nay c6 kha nang hoat
hoa cao, c6 kha niang hydrat hod, déng rin va
cho cuong d6 nhung khong cao. Nguoi ta lam
lanh bang 2 cach : (1) xi nu chay dugc dé truc
tiép xudng bé co dong chay lién tuc, hodc (2)
thao xi vao bé chira, dung bom cao 4p 0.6MPa
phun xi 1én thanh tia va ban tia nudc vao xi. Khi
d6 lwong nudc cé trong xi lam lanh bang cich
(1) khoang < 30%, phai dua qua may siy.

2. THANH PHAN HOA HQC CUA Xi LO

Thanh phan hoa chinh cta xi 16 cao gém
cac oxit CaO, MgO, SiO, va AL,O; voi téng
ham lugng 1a 90 — 95%. Ham lugng céc oxit
dao dong trong pham vi rong vi phu thugc vao
thanh phan hoa cta quing sat va tro nhiéni(lidu.
Ca0 =30 — 50%, SiO, =28 — 38%, ALLO; =8 —
24%,MgO=1-18%vaS=1-2.5%.

Thanh phéan thuan loi nhit cia chit néng
chay 10 cao nam trong ham luong gi6i han cac
oxit kiém (CaO + MgO + MnO) = 42 — 52%,
oxit axit thé thuy tinh (Si0, + ALO;) = 46 —
55%, ham lugng oxit kiém 50 — 52%, trong do
c6 3 6% MgO, modul kiém

(CaO + Mg0O)%
(Si0, + 41,0,)%
khong vuot qua 1%, TiO, < 4% va (Na,O +
K,0) <2%.

> 1, hop chét sit trong xi

CAO
Bang 2 — Thanh phén ho4 hoc cua xi 10 cao, % khdi lugng [1].
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Loai 1 Hat | 4192 | 6.60 | 033 | 0.14 | 448 | 238 | 090 | 1.37| 046 | 097 | 0.16 | 64
Tang | 37.93 | 7.52 1 0.26 | 0.40 | 46.45 | 2.95 | 1.37 | 2.02 ] 047 | 1.09 | 0.20 | 18
Loai 2 Hat | 36.49 | 842 | 0.19 | 0.63 | 49.32 | 1.30 | 2.28 2.06 1.13 1 023 | 84
Tang | 37.80 | 9.42 | 0.29 - 47.10 | 1.46 | 0.58 3.80 1.03 ] 025 | 12
Loai 3 Hat | 38.64 | 881 | 0.19 | 0.69 | 4193 | 724 | 1.06 | 0.14 | 1.52 | 1.04 | 0.23 | 55
Tang | 40.76 | 7.87 | 048 | 1.38 | 43.59 | 1.63 | 0.66 | 2.61 | 0.57 | 0.93 ]| 0.19 | 21
Bot | 37.05 | 6.28 | 0.11 | 0.68 | 48.79 | 3.49 - 1.01| 1.8 | 121017 | 16

3. THANH PHAN KHOANG CUA Xi LO

CAO

Tuy thude vao ché d6 va tdc do lam lanh ma
Xi 16 cao ¢é cac thanh phan khoang khac nhau.

Néu xi duoc 1am lanh cham thi thanh ph?m
khoang chu yéu 14 : Ghilenit (2Ca0.AL,05.Si0, ,
Ca0.Si0; , 2Ca0.Si0,). Ngoai ra con cb

Monticelit (Ca0.Mg0.Si0,), Akemanit
(2Ca0.Mg0.2Si0,), Merwinit
(3Ca0.Mg0.2Si0,), Anorthit
(Ca0.Al,05.28i0,),  Spinel ~ (MgO.AlL0;),

Fortenit (2MgO0.Si0,) va cac Aluminate canxi
(Ca0.Al,03, 12Ca0.7A1,03).

Néu xi dugc lam lanh nhanh thi céac hop
chat phy tir pha nong chay chuyén sang pha thuy
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tinh. C6 cac khoang Ca0.SiO,, 2Ca0.SiO,,
Ca0.Al,0; va 12Ca0.7ALL,0; c6 kha nang
hydrat hod nhung cho cuong do khong cao.
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Hinh 1 — Thanh phan hoa cta xi 10 cao trong hé
3 cdu tir Ca0-Si0,-ALO; véi 10% MgO [2].

4. QUA TRINH HYDRAT HOA CUA XI
MANG PORTLAND XI

Céc nha khoa hoc di cho ring cac san phdm
chinh ctia qué trinh hydrat hod cua xi mang
Portland xi 14 san phdm gel v dinh hinh C-S-H,
hydrotalcite, tetracalciumaluminate hydrate,
stratlingite, ettringite va hydrogarnet. San pham
hydrat chinh gel C-S-H cua xi nguyén chit co ty
1é C/S khoang 1.1, thap hon so véi OPC, khoang
1.7. Su tuong tac gitra xi va OPC trong xi mang
xi hdn hop 1a mot van dé can nghién ciru.

Phan tmg hod hoc gilra xi nguyén chat hoat
ho4 véi cac hop chit kiém xay ra trudc tién. S6
luong va thanh phan cic san pham hydrat hoa
phu thudc vao thanh phén hoa cua xi, dugc tinh
toan theo phan tir gam. Phan tmg dugc cin bang
nhu sau :

CyCSysAyAMyMSysFyF +
nc_s_HCaSAbe (Gel C-S-H)
nyrMsAH;; (hydrotalcite)
nucCsAFS;Hs (hydrogarnet)
nARC6AS3H32 (ettringite)
nagC4AH,; (tetracalcium aluminate hydrate) +
nstC,ASHj (stratlingite)

IIHH

=
+
+
+
+

y : s6 mol oxit c6 trong xi
n : s6 mol cac chit tuong tmg
a,b,x : cic thong sd thanh phan
trong san pham hydrat hoa C-S-H

S6 mol cua cac hop chat va cac thong sb
thanh phan phy thudc vao sé mol cia oxit co
trong xi. Dya vao mirc do thay thé phan tir Al
thanh phén tir Si trong C-S-H s& ton tai 3 dang

Trong d6 :
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hydrat hoa. 3 mo6 hinh hydrat hoa nay da duoc
cong nhan va di c6 mot sb két qua.

Céc md hinh hydrat hod cta xi hoat hoa
kiém c6 thé du doan dugc mot sb tinh chét cua
da xi hoat tinh kiém dong ran, vi du nhu nuéc
khong bdc hoi trong san pham, lugng nudc yéu
cau duoc hydrat hoa hoan toan, su co ngot, kich
thudc va s lugng 16 rdng, ...

100 g Chit khic
a0 = [Hydrotalcite
o B ICc-S-H
& 60} C-S
cl
5 ah
20
0

Xil Xi2 Xi3
Hinh 2 — Ty 1 mol cuia cac san pham hydrat

hoa cua 3 loai xi [3].
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Hinh 3 — Mbi quan h¢ gitra do rong va ty 1¢
nudc/chat két dinh [3].
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Hinh 4 — Mbi quan hé gitra ham luong xi va
thanh phan mol cac san pham hydrat hoa [3].

5. THUC NGHIEM CAC TiNH CHAT CO
BAN CUA XI MANG PORTLAND Xi

Ham luong xi trong xi mang phuy thuge vao
thanh phan hod hoc cua ching va pham vi su
dung xi mang, nam trong gidi han 30 — 60%.



Viéc san xuét loai xi mang nay dem lai hiéu qua
kinh té, déng thoi tao cho ching co nhimg tinh
chit dic biét : toa nhiét thép, dd bén cao trong
cac moi truong khac nhau khi d¢ hoat tinh cia
chung cao. Nho nhiing déc tinh nay ma xi mang
Portland xi dugc su dung de san xudt cac céu
kién bé tong cdt thép duc sin ciing nhu bé tong
toan khéi cho cac cong trinh khdi 16n, dic biét
trong xay dung thuy cong.

Vién nghién ctru khoa hoc vé xi ming da
xac dinh rang ty 1¢ cuong d6 miu bang xi ming
Portland xi sau khi chung hoi vdi cuong d6 cia
mau dong rin tiéu chudn sau 28 ngay cao hon so
v6i ty 1& cudng do6 nhu vy ciia miu xi ming

Portland. Xt 1y nhiét am d6i voi bé tong bang
xi mang Portland xi nang cao do bén bang gia
cua chung va giam bién dang co so véi bé tong
d6ng rén tidu chuan.

Luong thach cao phu hop phu thudc vao
lugng xi cho vao va khi luong xi chiém 40 —
50% thi luong thach cao thuong la 5% theo
khéi lwong chung ctia xi ming Portland xi.

Mau ché tao tir ho c6 d¢ déo tiéu chuén khi
xi chiém 25%. Sau 28 ngay dong rin & nhiét do
20°C trong diéu kién 4m, cuong do nén c6 thé
600 — 700 kG/cm?. Khi ha lugng xi chiém 40 —
50% thi cuong d6 chiu nén la 450 — 600
kG/cm’,

Bang 3 - Nhing tinh chit chii yéu ctia xi ming Portland xi ctia mot sb nha may tai Lién X6 [1].

Thanh phan XM Yo Ya Nuwée | Thoigian Téa Cuong dd khi nén
57:38:5 (kg/m’) | (g/em’) | tidu ninh két nhiét (kG/em®)
(clinker:xi:thach chuan (gio:phit) riéng (Ty 1€ viral:3)
cao) (%) | Bit | Két | (cal/g) | Sau28ngay | Sau khi
dau | thic Vira déo chung
Loai xi Vira cirng hoi mau
tr vira
déo
Loai 1 1150 3.00 26 2:40 | 6:50 35 190 200
275
Loai 2 1110 3.10 27 2:30 | 6:10 37 180 190
285
Loai 3 1180 3.11 26 2:05 | 5:10 47 250 265
515

Tuy thudc vao ham lugng CaO trong xi cling
nhu lugng xi cho vao xi mang Portland xi ma c6
thé ché tao duoc nhiing loai xi mang dic biét co
d6 hoat tinh thuy lyc thich hop, su toa nhiét thr?ip
khi dong rin, d6 bén cao theo thodi gian trong
moi trrong khac nhau va ¢ nhiét do cao.

Vé cuong d6 chiu nén, xét trén mau co kich
thudc 4x4x16cm, vira déo thanh phin 1:3.
Trong diéu kién thudng thy ring cuong do cua
xi mang Portland xi thap hon so vé6i cudng do
ciia mau xi mang Portland nguyén & thoi gian
dau dong ran.

Béng 4 — Tinh chét co ly ciia xi mang Portland xi [1].

Loai xi mang Ty dién Nudc tiéu Thoi gian Vita, N/X = 0.4, cudong d6
(cm?*/ 2) chuan (%) ninh két nén (MPa) sau ... ngay
(glo hut)
Bit Két 7 28 | 90 | 180 | 360
dau | thac
XMP 3000 25 3:15 | 5:50 | 41 | 52 | 56| 60 | 62
XMP +xi 10 cao 3000 25 3:20 | 5:40 | 30 | 40 | 53| 58 | 60

6. PO BEN CUA XI MANG PORTLAND Xi

D0 bén sunfat cua xi mang dugc nghién ctru
trén mau vita 4x4x16cm. Mau ¢ tudi 28 ngay

duoc dat trong dung dich sunfat natri c6 ndng
do 10g/1 SO,*. Mot mau thir duge danh gia la
c6 do bén sunfat thich hop thi phai c6 hé so bén
>0.8.
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Nhan thay ring do bén sunfat cta xi ming
co6 giam di khi tang d¢ nghién min cia xi mang

xi.

Bang 5 — Do bén sunfat ciia mau xi ming Portland xi [1].

Loai xi Ty dién | B4do dudng trong nudc, | Bao dudng trong dung dich Béo dudng trong dung dich
ming | (g/em’) | cudng d6 nén (MPa) Na, SO, 10g/1 SO, MgS0, 30g/1 SO,*
sau
1 3 8 Cuong do nén (MPa) | Hé | Cuong dd nén (MPa) | H¢
thang | thang | thang 1 3 6 sO 1 3 6 5O
thang | thang | thing | bén | thang | thang | thang | bén
KC6 KC6
XMP 3000 54 56 60 55 49 37 0.60 29 23 0 0
XMP 3000 50 55 58 50 47 41 0.71 20 13 0 0
+ xi loai 1
XMP 3000 54 56 59 40 48 50 0.85 24 10 0 0
+xiloai2 | 4000 50 58 62 46 48 49 0.80 27 16 5 0.08
XMP 3000 49 54 57 37 52 59 1.02 37 36 35 [0.61
+xiloai3 | 4000 52 58 60 44 51 54 0.90 39 33 30 | 0.50
7. KET LUAN 6. Theo md hinh trén, lugng nude lién két

Tu cac két qua trén, c6 the ket ludn :

1.

Céc san phim hydrat hoa chu yéu cua
da xi mang Portland xi hoat hoé kiém 1a
C-S-H,  hydrotalcite, = hydrogarnet,
tetracalcium aluminate hydrate, stratling
va ettringite. C-S-H 13 san pham hydrat
chinh. Ham lugng cac khoang
hydotalcite, hydrogarnet va ettringite
phu thudc vao ham luong oxit cia Mg,
Fe va Si trong xi.

Al trong xi s& tac dung trudc hét véi
Mg, Fe va Si dé tro thanh cac khoang
hydrotalcite, hydrogarnet va ettringite.
Al duoc thay thé bai Si trong khoang C-
S-H.

Luong Al bi thay thé boi Si trong
khoang C-S-H phu thudc vao ty 1€ C/S.
Néu trong thanh phan cua xi rat cao Al
thi khoang C-S-H s& sinh ra nhiéu nhét,
luong Al con du s& tiép tuc phan ung
tao thanh AFm (C4;AH;; hoac C,ASHj).
Néu thanh phan xi thap Mg thi két qua
tuwong tu nhu cao Al.

Ty 1& C/S va A/S trong san phdm hydrat
hoa C-S-H khac véi ty 1¢ do trong
nguyén liéu xi ban dau.

Cac mo hinh dugc st dung cé thé xac
dinh s6 lugng sin pham hydrat hoa,
ddng thoi xac dinh thanh phan khoang
C-S-H trong thanh phan khoang cua xi.
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trong cac san phdm hydrat hod cé thé
dugc tinh toan va cé thé rut ra duoc
nhitng cong thuc tinh toan do. Luong
nuéc can hydrat hod cho xi ming
Portland xi hoat tinh kiém nhiéu hon so
véi OPC.

Trong diéu kién bido hoa, su co ngot cla
xi hoat tinh kiém nhiéu hon so véi
OPC. Piéu nay can dugc chi y trong
cac ung dung cia no.

Céc san pham hydrat hoa C-S-H cua
qua trinh hydrat hod xi mang Portland
xi hoat tinh kiém c6 15 rdng gel 16n hon
so véi 16 rong gel sinh ra do sy hydrat
hoa OPC. CAu triic d4 xi mang Portland
xi hoat tinh kiém min hon so véi da
OPC.
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