VAT LIEU XAY DUNG — MOI TRUONG

NGHIEN CUU ANH HUONG CUA OXYT SAT Fe,O3DEN S HINH THANH
KHOANG TRONG DA XI MANG TRANG CO METAKAOLIN

ThS. NGUYEN GIA NGOC
Trwdng Cao dang xay dwng sb 1
TS. TRAN BA VIET

Vién KHCN Xay dung

Tém tét: Trong bai bao tac gid da chi ra khi c6 mat
oxyt Fe,0; trong hd xi mdng trdng c6 metakaolin
(MK) phat hién thdy sw thay thé Fe ** bang AF* trong
céc khoéang hydro aluminat canxi. Piéu nay duoc thé
hién qua viéc nghién ctru céu tric bang céc phuong
phap phan tich héa ly nhw: Xray (XRD) , SEM/EDX,
phé héng ngoai IR va phé Raman.

Tl khoéa: Metakaolin, Fe,O;, XRD, SEM/EDX, IR,
Raman
1. Dat van dé

Pha thay tinh trong clinker xi mang c6 phan ng
thdy hoéa rat manh. Do c6 hoat tinh cao, pha thay tinh
dé hoa tan, sau d6 két tinh. San phadm hydrat héa
chinh cta pha nay la cac san phadm cla cac hydro
alumo ferit canxi 3CaO. Al,O;. Fe;03.6H,0 (C-A -F-
H) va hydro granat 3CaO.(Al Fe),03.xSi0,.(2-6)H,0
(C-A-F-Si-H) [1],[5]. Bay la cac san pham lam cho da
xi mang c6 cwdng dé cao.

D4 c¢6 rat nhiéu cong trinh khoa hoc nghién ciu
dén van dé s dung phu gia khoang hoat tinh dé cai
thién cwdng d6 clia da xi mang. Tuy nhién, hién nay &
Viét Nam van chwa c6 mét nghién clru nao st dung
két hop thém véi bot mau vé co. Do dé, dé tai nghién
clru & day da st dung 6xyt Fe,0s thém vao trong hén
hop hdé xi mang trdng c6 MK. Két qua cho thdy cho
Fe,0; vao thi cwdng d0 cla da xi mang tang lén do
hinh thanh thém khoang hydro dang dung dich rén co6
chira sat & khoang nhiét d6 thuwdng. Trong d6 céc ion
Fe®" thay thé bing ion Al * trong c4u tric va cac tinh
thé nay c6 dang tam 16p.

2. Vat liéu nghién ciru
2.1. Xi mang trang

Xi mang dwoc dung trong nghién ctru la xi mang
trdng Thai Binh PC,40 dap (ng yéu cau cta TCVN
5691: 2000 (xem cac bang 1, 2 va 3).

Bang 1. Thanh phan khoéng, héa ctia xi méng trang Thai Binh

Thanh phan héa,%

Thanh phan khoang tinh toan

Si02 F8203 A|203 Cao MgO Kzo Nazo MKN C3S CzS C3A C4AF
20,7 1,04 6,42 64,14 1,31 2,5 1,76 1,26 55 25 12 1
2.2. Phu gia khodng hoat tinh la MK Lam Ddng cé6 | >1
Bang 2. Thanh phan héa ctia MK Lam Béng (%)
SIOz F8203 A|203 CcaO MgO 503 Kzo NaZO T|02 MKN
55,10 1,09 40,46 0,53 0,56 0,00 0,54 0,10 0,13 0,82
2.3. Bt mau dé sat ) )
Bang 3. Thanh phan héa cua dé sat (%)
SIOz F8203 A|203 CcaoO MgO 503 Kzo NaZO T|02 MKN
0,1 99,81 0,16 0 0 0 0 0 0 2,44

3. Phwong phap nghién cteu

- Phuong phap xac dinh cwéng dd nén clia hd
vira theo TCVN 6016:1995;

- Phan tich nhiéu xa tia X;

- Phan tich cAu tric béng kinh hién vi dién t& quét
SEM/EDX;
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- Phan tich phé héng ngoai IR va phé Raman.
4. Két qua nghién ciru

Trwéc hét, nghién clru &nh hudng clia dxyt Fe,05
dén cwdng d6 nén cla da xi mang trang c6 MK. Két
qua cho trén hinh 1.
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4.1. Nghién ctru dnh huwéng cia éxyt Fe,O; dén cwong dé nén cua déd xi mang trdng c6 MK
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Hinh 1. Anh huéng cta éxyt Fe,0s dén cudng dé clia dé xi méng trang c6 MK
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BNHUST -PCM - Bruker D8Advance - #01-2014 - Mau 15%MK+5%Fe20 - File: 15%MK+5%Fe203.raw - Type: 2Th/Th locked - Start: 10.000 ° - End: 70.000 ° - Step: 0.050 ° - Step time: 0.5 s - Temp.: 25 °C (Room) - Time

Operations: Smooth 0.150 | Smooth 0.150 | Im port

[#]80-2186 (C) - Iron Oxide - Fe21.34032 - Y: 17.32% -d x by: 1.- WL: 1.5406 - Tetragonal - a 8.34 740 - b 8.34740 - ¢ 25.04220 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - P41212 (92) - 3 - 1744.92 - Vic PD
[4]32-0149 (D) - Calcium Aluminum Oxide - Ca3AI206 - Y:17.95 % - d x by: 1. -WL: 1.5406 - Cubic -a 1526870 -b 1526870 - ¢ 15.26870 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - Pa3 (205) - 3559.64 -
[¥]24-0072 (D) - Hematite - Fe203 - Y:14.54 % -d xby: 1.- WL: 1.5406 - Hexagonal (Rh) -2 5.03800 - b 5.03800 - ¢ 13.77200 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3 (148) - 6 - 302.722 -
[¥os-0586 (*) - Calcite, syn - CaCO3 - Y:106.07 % - d xby: 1. -W L: 15406 - Hexagonal (Rh) - a4.98900 - b 4.98900 - ¢ 17.06200 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3¢ (167) - 6 - 367.780 - lic P

Hinh 2. Biéu dé chup Xray ctia m&u c6 chira 15%MK + 5% Fe,03

Nhén xét:

- V&i ham lwong 0%,1%, 5%, 10% Fe,O; trong hd
xi mang c6 15%MK, cwong dé nén tuan theo quy luat
logarit thap phan (hinh 1).

- Khi cho Fe,O; vao trong hd xi mang trdng — MK,
cwong do da xi mang tang Ién (hinh 1). Nguyén nhan
la do Fe,O3 c6 tinh lwéng tinh vira co tinh kiém, vira
c6 tinh axit. Trong méi trwong kiém manh nhuw méi
trwong thiy héa xi mang (pH =12), né sé phan rng
v&i Ca(OH),. Mat khac, trong méi trwérng ¢6 sdn cac
ion AI**, ca?", Fe* va trong dung dich nwoc, Fe,05
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sé phan tng dé tao ra 3Ca0.(Al,Fe),03.6H,0 (hydro
alumo ferit canxi) & diéu kién thuwéng va khi két tinh
cho cuwdng dé theo phuwong trinh:

Fe,O; + 3Cﬂ(OH)2 bdo hoa + AlLO; + 3H,O =
3CaO.(A|,Fe)203 6H20

- Qua hinh 1 ta thy v&i ham lwong 5% Fe,Os; va
15% MK cho cwdng dd cao nhét. Nguyén nhan la
trong mau nghién ctru, ngoai tao thanh C-A -F- H con
xuat hién cac tinh thé Iron oxit Fej;.3403, Calcium
Aluminum Oxit CazAl,0s, Hemantite Fe,O3 (hinh 2).
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4.2. Nghién cteu dnh hwéng cua 6xyt Fe,O; dén lién két trong céu tric da xi mang trang cé6 MK bang
phan tich phé héng ngoai IR
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Hinh 3. Phé chéng IR cta céc méu
Bang 4. Phan tich thanh phén quang phd hdng ngoai IR (ng véi céc pick cé butc séng khac nhau
bo Pick trng S bo Pick &ng
ST MAu vat lisu truyeén v&i F)uéc T Méu vat lisu truyeén v&i F)uéc
T qua (T- séng T qua (T- séng
%) (cm™) %) (cm™)
PCW 56 3642,9 PCW 72 1798,6
PCW + 5% Fe,03 - - 6 PCW + 5% Fe,03 76 1798,1
1 | PCW + 5% Fe,0O3+15%MK 58 3619,8 PCW + 5% Fe,03+15%MK 88 1798,4
PCW +15%MK 47 3628,1 PCW +15%MK 75 1798,3
MK 32,5 3621,0
PCW 40 3445,2 PCW - -
PCW + 5% Fe,03 30 3431,2 PCW + 5% Fe,03 54 1638,5
9 PCW + 5% Fe,03+15%MK 44 3445,2 7 PCW + 5% Fe,03+15%MK 69 1640,1
PCW +15%MK 30 3447,1 PCW +15%MK 53 1638,8
MK 41 3456,4 MK 80 1639,3
Fe,O3 42,5 3417,1 Fe,O3 76 1636,3
PCW 81 2984,0 PCW 48 970,8
3 PCW + 5% Fe;03 78 2984,4 8 PCW + 5% Fe;03 50 968,4
PCW + 5% Fe,03+15%MK 82 2985,8 PCW + 5% Fe,03+15%MK 61 969,1
PCW +15%MK 78 2986,6 PCW +15%MK 43 968,9
PCW 83 2874,9 PCW 40 874,4
PCW + 5% Fe,03 80 2874 PCW + 5% Fe,03 44 874,3
4 PCW + 5% Fe,03+15%MK 86 2875,1 9 PCW + 5% Fe,03+15%MK 62 874,9
PCW +15%MK 80 2872,2 PCW +15%MK 42 875,0
PCW 85 2516,5 PCW 68 7123
5 PCW + 5% Fe,03 86 25149 1 | PCW + 5% Fe,03 70 712,4
PCW + 5% Fe,03+15%MK 92 25145 0 | PCW + 5% Fe,O3+15%MK 82 712,3
PCW +15%MK 88 2516,8 PCW +15%MK 72 7123
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Bang 5. Phan tich thanh phdn quang phé hdng ngoai IR (ing véi cac pick cé budc séng gén nhau

X alna D6 truyén qua Céc pick ng v&i bwdc song
STT Mau vat liéu (T-%) (cm'%)
1 PCW 92; 94; 56 2360,4 ; 2341,2 ; 454,7
2 PCW + 5% Fe,O3 88; 76; 61; 68 2925,7;1114,7; 541,1; 420,0
3 PCW + 5% 66; 68; 72; 75 1031,2; 539,9; 470,7; 425,0
Fe,03+15%MK
4 PCW +15%MK 62; 68 538,2; 425,1
46; 43; 93; 3; 28; 52; 53; 15; 11, 28 3697,5; 3654,3; 2362,6; 1034,6; 912,5;
5 | MK 796,2; 694,1; 358,7; 469,4; 431,1
97; 97;90; 78; 70; 2; 3 2363,4; 2075,3; 1384,1; 1117,0; 895,9;
6 Fe203 550,5; 475,8

%Transmitance

250 200 1500 1000

Wanenurbers (cm1)
Number of sample

N 32

Re

s: 40

i ty: 06329

Aperture: 100.00

Hinh 4. Phé IR cda dé PCW

smitance
%Transmittance

%Tran:

Wanenumbers (cn1)

Number of sample scans: 32
Number of background scans: 32
Resolution: 4.000

Sample gairt 40

Mirror welocity: 06329

Aperture: 100.00

Hinh 6. IR cua da PCW + 15% MK

96Transmitance

Hinh 8. Phé IR cda sat
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Hinh 9. Phé IR cdia MK
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Nhén xét:

- Trong thanh phan quang phé héng ngoai IR (rng
v&i cac pick cé budc sdng khac nhau (bang 4) ta thay
ton tai cac lién két 1a Si-O, Si-O-Al, Fe-O, trong do ion
Fe dwoc thay thé bang ion Al [4];

- Trong cung dai séng, mau da xi mang trdng co
5%Fe,03 v&i 15%MK cho cwong d (d6 truyén qua —
T (%)) cao nhat nhw 58, 44, 82, 86, 92, 88, 69, 61, 62
va 82 twong rng v&i cac pick co dinh song 3619,8;
3445,2; 2985,8; 2875,1; 2514,5; 1798,4; 1640,1;
969,1; 874,9 va 712,3 cm™. Didu nay ching té trong
moi trwéng kiém clia xi mang thi oxyt Fe,03 va MK ¢
phan (rng tao ra cac lién két kha bén virng (bang 5 va
hinh 3);

- Twong rng v&i cac pcik cé dinh séng 3619,8;
3445,2; 2985,8; 2875,1; 2514,5; 1798,4; 1640,1;
969,1; 874,9 va 712,3 cm™ thi cac lién két tao ra H —
O-H,Si-O-Si,AI-O-A,AlI-O-Fe,Fe -0 -
Fe,Si—-O-AlLSi—-O-Fe, Si—0, Al-OvaCa-0.
Trong d6 cac ion Fe*" dwoc thay thé bang Al** (bang
5) [4];

- Cac mau c¢6 sb dinh séng it 1a mau sat — 9 dinh
(hinh 8) va mau MK — 13 dinh (hinh 9). Pay la cac
mau khdng c6 nuwdc. Khi cac mlu da tron thém
nuwdc thi sé dinh séng dwoc thé hién rd nét hon
nhw mau PCW — 13 dinh (hinh 4), mdu PCW + 5%
Fe,0s3 — 14 dinh (hinh 5), mdu PCW + 15%MK — 15
dinh (hinh 6) va m4u PCW + 15%MK + 5% Fe,0; —
15 dinh (hinh 7).

4.3. Nghién cteu dnh hwéng cua 6xyt Fe,O; dén lién két trong cau tric da xi mang trang cé6 MK bang

phan tich phé Raman

0% MEK(1)
5% Fe5O3(2)
10000 — 15%% MK (3)
15%% MK + 5% F3203(4)
w
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Hinh 10. Phé chédng Raman cla céc méu
Bang 6. Phan tich thanh phdn phé Raman
Pick &ng Pick ng
S X e I S X yal P
XA nia SO v&i buwdc XAl SO v&i budc
T Mau vat liéu , T Mau vat liéu .
T hat séng T hat séng
(cm™) (cm™)
PCW 2900 226,00 PCW 2400 413,03
PCW + 5% Fe;03 5200 225,84 PCW + 5% Fe,O3 4600 413,93
1 | PCW + 5% Fe;03+15% MK 8000 226,07 3 | PCW + 5% Fe,03+15%MK 5000 411,86
PCW +15%MK 4000 225,74 PCW +15%MK 3800 412,69
Fe,O3 7000 224,50 Fe,03 3800 409,54
PCW 4200 293,20 PCW 3800 613,17
PCW + 5% Fe,03 7800 293,31 PCW + 5% Fe,O3 3800 611,89
2 | PCW + 5% Fe;03+15%MK 9800 293,03 4 | PCW + 5% Fe;03+15%MK 4000 612,26
PCW +15%MK 5900 293,27 PCW +15%MK 3200 612,21
Fe,03 7200 292,49 Fe,03 3000 610,58
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Nhén xét:

- Trong cung dai séng, mau da xi mang tréng cé
5%Fe,05 cho cwdng d6 (sb hat) cao nhat nhw 8000,
9800, 5000, 4000 twong wng v&i cac pick cé budc
séng 226,07; 293,03; 411,86; 612,26 cm™. Piéu nay
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Hinh 16. Phé Raman cta MK

chirng td, trong méi trwdrng kiém éxyt Fe,0; va MK ¢
phan &ng tao ra cac lién két kha bén virng (bang 6,
hinh 10);

- Twong wng v&i cac pick c6 buéc séng 226,07;
293,03; 411,86; 612,26 cm'l, céac khoang co ban tao
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ra twong ng 1a B-C,S voi lién két u[H.O], B-C.S,
CaS0,.2 H,0 lién két u[SO,] z va gehlenite CayAl,
SiO; lién két u[SiO,, Al0,>] [2],[3];

- M&u PCW + 5% Fe,05 v&i 15% MK (hinh 14) c6
s6 dinh séng thé hién nhiéu (9 dinh) va ré nét, sau do
dén mau PCW (hinh 11) va mau Fe,0; (hinh 15) déu
€06 6 dinh song rd nét;

- Phd Raman ctia MK (hinh 16) bi nhi&u khéng
thé do dwoc, diéu nay thé hién rat dung két qua

phan tich héa la MK dwoc nung da méat hét H,0O
lien két;

- Ngoai cac dinh séng chung cliing v&i mau PCW
(hinh 11), PCW + 5% Fe,O; (hinh 12), PCW +
15%MK (hinh 14), Fe, 05 (hinh 15) thi mdu PCW + 5%
Fe,03+15%MK (hinh 14) c6 thém céac dinh séng riéng
thé hién cac khoang khac nhw 501,558; 657,225;
1270,78; 1314,7 cm™ (rng v&i cac khoang CsA, C-S-
H, Etringite CagAlo(SO4)3(OH)1,.26H,0 va hematite
Fe20; [2],[3].

4.4. Nghién ctru dnh hwéng 6xyt Fe,O; dén thanh phan va céu tric dé xi mang trdng c6 MK

PCW + 15%MK +0% Fe,O;

Electron Image 1
= -

Aoy

Hinh 17. Céc diémtutieu 1,2, 3, 4

Electron Image 2

PCW + 15%MK +5% Fe,0;

Spectrum 7

235

Hinh 22. Céc diémtu tieu 5, 6, 7,8

Hinh 18. Biém tu tiéu 1

M spectum 5
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Si 156

C 9.7

3 12

Hinh 19. Biém tu tiéu 2

M spectrum 6
W% o
436 23

Ca 191 15
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55 06
53 29

Hinh 24. Biém tu tiéu 6
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M Spectrum 3

Hinh 20. Diém tu tiéu 3

B Spectum 7
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Hinh 25. Diém tu tiéu 7

Hinh 21. Diém tu tiéu 4
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Hinh 26. Diém tu tiéu 8

Nhéan xét:

- Trong céac diém tu tiéu hinh 17 thi ngoai cac
nguyén téd chinh 1a O, Ca, Si, Al, Fe con c6 cac
nguyén t6 khac C, S, Mg, K va ham lwgng tly thudc
vao tirng diém tu tiéu. Day la sy khac biét so véi mau
c6 thém 5% Fe,03;

- Trong cac diém tu tiéu hinh 18 déu thay cé cac
nguyén té chinh 14 O, Ca, Si, Al, Fe; trong d6 ham
lwong O chiém tr 30 dén 52 %, Ca chiém tir 15 dén
51 %. Diéu nay chirng té khoang tén tai khoang C-A-
F-H va C-A-F-Si -H trong cac mau c6 bot dxyt sét;

- Trong hinh 18 c6 diém tu tiéu 7 khéng c6 mat Fe
trong thanh phan c6 thé 1a do qué trinh trdn sét khéng
déu.

5. Két luan

- Bang sy két hop cac phwong phap phan tich
héa li nhw XRD, phé héng ngoai IR, phd Raman va
SEM/EDX d4 khéng dinh oxyt st khi cho vao trong xi
mang trédng c6 MK tao ra khoang két tinh hydro alumo
ferit canxi 3Ca0O. Al,O3. Fe,03.6H,0 (C-A -F- H) va
hydro granat 3CaO.(Al Fe) ,03.xSi0,.(2-6)H,O (C-A-
F-Si-H) I1am tang cwéong d6 clia da xi mang trang;

Tap chi KHCN Xay dung — s 2/2014

- Voi ti |1é mol Al,Os/Fe,05 = 2,7 twong (rng v&i 5
% Fe,0; trong thanh phan, viéc thanh tao khoang
hydro alumo ferit canxi va khoang hydro granat sé c6
ham lwong I&n nhat va do d6 1am ting cwéng d6 cua
da xi méng cao nhét.
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