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Nghién cttu anh huéng cic dang ton tai ctia thach cao FGD t6i tinh chat

xi mang siéu Sulfate
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TU KHOA TOM TAT
Xi ming siéu it clanhke Bai béo nay trinh bay v& kha ning st dung thach cao FGD (Flue-Gas Desulfurization) 1am nguyén liéu san
Xi mang siéu Sulfate xudt xi mang siéu Sulfate (SSC - superSulfated cement) théa méan tiéu chuén BS EN 15743:2010 + A1:2015,

Thach cao FGD ddng thoi cling nghién ctu cac anh hwdng cta cic dang ton tai cta thach cao FGD tdi tinh chét ctia loai

xi ming nay. Két qua nghién cttu cho thiy thach cao FGD dugc kich hoat nhiét (heat-activated - dang
hemihydrat va anhydrit) c6 tic dung t6t véi su phat trién cudng d6 ctia da xi ming. Pdng thdi, cdc miu
cling bén trong cdc méi trudng xam thue Sulfate va nude bién. Két qua thit nghiém thanh phin khoang
va vi ciu tric ctia hd xi ming cho thiy: san phim thiy héa cha yéu 14 khoang ettringite, gypsum va 1
phin khodng C-S-H. Nhiét thiy héa ctia cdc miu thit nghiém déu dép tng yéu ciu loai toa nhiét thip
hoiic téa nhiét rt thip theo tiéu chudn TCVN 7712:2013, d6 co kho clia cdc miu thit nghiém dép tng
yéu ciu ciia tiéu chuén TCVN 9501:2013.

KEYWORDS ABSTRACT

Super lower clinker This paper presents the possibility of using FGD gypsum (Flue-Gas Desulfurization) as a raw material for the
SuperSulfated cement production of supersulphated cement (SSC) that meets BS EN 15743:2010 + A1:2015, and also studies the effects
FGD gypsum

of existing forms of FGD to the properties of this cement. Research results show that heat-activated FGD has a
good effect on the strength development of cement. At the same time, the samples are also resistant in sulphate
and seawater environment. The test results of mineral composition and microstructure of cement paste showed
that: the main hydration products are ettringite, gypsum and a part of C-S-H minerals. The heat of hydration of
the test samples all met the requirements of low heat or very low heat emission according to TCVN 7712:2013,
the drying shrinkage of samples met the requirements of TCVN 9501:2013.

1. Gi6i thiéu v& xi miing siéu Sulfate (Super Sulfated cement — SSC) nghién min & dang hd l6ng d& hip phu khi SOx. Thach cao FGD chi

Xi méang siéu Sulfate (SuperSulfated cement - SSC) 14 loai xi mang yeu chita CaS0,.2H0. Trong nghién cttu nay, thach cao FGD dugc s

2 2ye . R B A 2 X .
duge ché tao biing sit dung xi hat 16 cao nghin min (GGBFS) lam thanh dung & 03 dang v&i vai tro 1a chat hoat héa Sulfate trong hon hop xi

ph?in chinh, thach cao lam chét hoat héa Sulfate va clanhke hoic voi mang - x1.
1am chét hoat héa kiém. Céc nguyén liéu khong cAn phai nung, chi cAin 2. Nguyén vét liéu sit dung cho nghién cifu
nghién t&di @6 min theo yéu cAu rdi tron cuing v&i nhau dé ché tao SSC.

, B R . o Nguyén liéu dé ché tao xi ming siéu Sulfate st dung trong d& tai
Do d6, SSC cheé tao don gian, tiéu thu it ndng lwgng va phat thai it CO,

N o B S bao gbm: clanhke ctia Cong ty 6 phin xi ming Hoang Long, thach cao
hon so v&i OPC. Vi thé viéc sit dung SSC ciing dugc coi la loai xi méng . o N o
tu nhién Oman, xi 16 cao nghién min cta cong ty Hung Nghiép Formosa
- dugc cung cip bai cong ty CHC Viét Nam, thach cao FGD ctia Nha

méay nhiét dién Nghi Son L. Riéng d6i thach cao FGD, d2 tai st dung &

tiét kiém ning lwong va bao vé méi tredng.

Théng thudng, xi ming siéu Sulfate dwoc ché tao tit xi hat 1o cao,
canxi Sulfate (c6 thé & dang dihydrat, hemihydrate va anhydrite), trong d6
xi hat 10 cao chiém 75 % dén 85 %, canxi Sulfate chiém 5 % dén 20 % va 1
% dén 5 % chét hoat héa kiém (c6 thé 1a clanhke xi ming, v6i dang
Ca(OH),, Ca0..).

Thach cao FGD - Flue-Gas Desulfurization gypsum - 14 san pham 2.1 Xi mdng

cd 03 dang ton tai gdm: nguyén khai (CaSO,.2H,0), hemihydrat
(CaS0,.0.5H,0) va khan hoan toan (CaSO,).

Thanh phén héa ctia cic nguyén liéu thé hién trong Bang 1.

3 2 s ) 2. 2, K 2. N 2 A A X
leahflualtrlnh klhu’ iOx t:T, rabo; ons }(};01 ?};a maEAnh;e’t d}?nhd(it th?'n Xi ming dugc chudn bi bing cach nghién clanhke Hoang Long
¢6 ham lwong ltu huynh 16n bang cdch str dung bot dd voi (hodc voi) cling 4 % thach cao Oman trong may nghién bi thi nghiém. P$ min xac
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dinh theo phuong phép sang véi lugng sét sang 0,08 mm 14 5,6 %. B&
mit riéng clia xi mang, theo phiong phap Blaine 1a 3540 cm?/g. Céc
tinh chét co 1y cia xi ming, duge thit nghiém theo TCVN 6017:2015
[1] va TCVN 6016:2011 [2], dugc thé hién trong Bang 2 va Bang 3.

2.2 Xi 16 cao nghién min (GGBFS)

Xi 16 cao nghién min Formosa dugc 14y tit tram nghién ctia céng
ty CHC Viét Nam. Cac tinh chét vat 1y cta xi 16 cao Formosa thé hién

trong Bang 4.
Bang 1.
Thanh phan héa ctia cdc nguyén lidu.
Thanh phan héa, % khéi lvgng
Nguyén liéu
Sio, Al,O,4 Fe,0, CaO MgO SO, TiO, K,0 Na,O MKN
Xi hat 16 cao Formosa 34,00 14,53 0,83 38,50 8,06 0,07 0,12 0,24 0,31 -0,25
Clanhke Hoang Long 19,66 5,02 3,03 63,00 1,81 1,85 0,12 0,83 0,14 3,08
Thach cao Oman 0,14 0,04 0,03 30,94 0,20 43,98 0,02 0,03 0,02 21,19
FGD Nghi Son nguyén khai 1,67 0,22 0,19 32,9 0,29 42,69 0,10 0,29 0,11 20,41
Bang 2.
Tinh chét co 1y ctia xi ming.
NTC, % BDDK, min KTDK, min bo 6n dinh thé tich, theo phuong phap Le Chatelier, mm
27,15 105 150 0,6

Bang 3.

Cuong do nén, criong d6 udn ctia mau xi ming.

Cuong do udn, MPa

Cuong d6 nén, MPa

Tén miu

3 ngay 7 ngay

28 ngay

3 ngay 7 ngay 28 ngay

OPC Hoang Long 5,5 6,3

9,45 23,03 33,03 50,64

Bang 4. Tinh chét vat 1y ctia xi 16 cao Formosa.

Ty dién, theo pp Blaine
D6 min (%) y dien, pp 3
A A 1in 2 cm?/g
Nguyén vat liéu Po am (%)
Sét sang 0,08 mm S6t sang 0,045 mm
Xi 16 cao Formosa 0,053 0,65 2,045 4.150
_ Xi hat lo cao Formosa - Trinh Thi Tram - TT XM&BT
&,
* ” ;—The(a - Scale ” N
Hinh 1. Biéu dd thanh phin khoang ctia xi 16 cao.
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Phan tich XRD ctia xi 16 cao nhin dugc thanh phin khoédng chit
yéu 1 pha v6 dinh hinh, véi ham ligng 99 %. Gian dd phan tich XRD
clia xi 10 cao duge thé hién trong Hinh 1.

2.3 Thach cao FGD
Thach cao FGD duoc léy tai nha may nhiét dién Nghi Son I. Cac
tinh chét co ban ctia thach cao FGD dugc dwa ra & Bang 5.

Bang 5.
Céc tinh chét vat 1y co ban ctia FGD.
Nguyén 2 Do min, sét sang | Ty dién, theo pp
o b6 am (%) i
vét liéu 0,08 mm (%) Blaine, cm?/g
Thach cao
15,5 0,02 3.800
FGD

Hinh 2. Thach cao FGD Nghi Son.

pé phuc vu cho qué trinh th® nghiém, @ tai ché tao thém thach
cao FGD & dang hemihydrat va anhydrit, quy trinh chuén bi nhu sau:
- Chuén bi dang hemihydrat (CaSO,.0,5H,0): nung thach cao
FGD nguyén khai & nhiét 6 160 °C trong vong 3 giv, lvu ¢ nhiét do
160°C 1a 2h, sau khi nung lam ngudi tw nhién trong 10. Bao quan trong
tti kin dé tranh bi hat 4m.
- Chuén bi dang anhydrit (CaSO,): nung thach cao FGD
& 500 °C trong vong 5 h, lvu & nhiét d6 500 °C 1a 2 gio,

sau d6 lam ngudi ty nhién trong 10. Bao quan trong tdi kin.

nguyén khai

Pé kiém tra thanh phin khoang ciia cic mAu sau khi chuén
bi nhu trén, nhém thite hién sit dung phuong phap phan tich XRD. Biéu
dd thanh phin khoéng ctia 3 dang tdn tai ctia thach cao FGD thé hién
trong Hinh 3.

% (Anhydrite FGD)
% (Hemihydrate FGD))
% (FGD nguyén khai) | 3 3

mhw J
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Hinh 3. Phén tich XRD ctia 3 dang thach cao FGD st dung trong

nghién ctiu.

Trén co s¢ cudng d6 cc peak dic tring, tinh todn tiwong d6i ban
dinh lugng cac khoang c6 mit trong thach cao FGD duwgc thé hién trong
Bang 6.

Tit biéu d6 thanh phin khoéng (Hinh 3) va bang phan tich ban
dinh lvgng ham lwgng cic khodng (Bang 6), ¢6 thé thiy ring, khi chuin
bi cdc dang thach cao FGD theo quy trinh d4 dua ra & trén c6 thé thu
duge ding cac dang thach cao FGD mong mudn dé ¢6 thé st dung ché

tao céc cAp phéi thit nghiém trong nghién ctiu.
2.4. Cdp phéi thit nghiém

Theo tiéu chuin BS EN 15753:2010+ A1:2015 [31], xi méng siéu
Sulfate c6 thanh phan chinh 12 xi 10 cao véi ham lwgng = 75 %, CaSO,
(c6 thé sit dung céc dang khéc nhau) ham lwgng ti¥ 5 - 20 % vé6i vai trd
1am héa chit hoat héa Sulfate, v6i hodc xi ming ham lwgng tit 0 - 5 %
v6i vai trd 1am chit hoat héa kidm. Do d6, cac cip phdi thit nghiém sé
dugce thiét ké dua trén tiéu chudn nay. Ddng thoi ciing sé thiét ké cAp
phéi st dung cic dang va ham lwong khac nhau cta thach cao FGD
nh3m danh gia anh huéng cta chiing t&i tinh chit ctia xi ming siéu
Sulfate.

Tit biéu d6 thanh phin khodng (Hinh 3) va bang phan tich ban
dinh lvgng ham lwgng cac khoang (Bang 6), ¢6 thé thiy ring, khi chudn
bi cc dang thach cao FGD theo quy trinh da dwa ra & trén c6 thé thu
duogc diing cdc dang thach cao FGD mong muén dé c¢6 thé sit dung ché
tao céc cAp phéi thit nghiém trong nghién ctiu.

Bang 6.
Thanh phin cac khoang trong céc dang thach cao FGD.
Thanh phin khoang, % khéi lugng
TT Tén dang thach cao Gypsum Bassanite Anhydrite CaSO,| Quartz SiO, | Dolomite CaMg(CO); | Pha v6 dinh hinh
CaS0,.2H,0 | CaS0,.0,5H,0
1 | FGD nguyén khai ~87 - - ~1 - ~8
FGD dang hemihydrat ~12 ~79 - ~1 ~2 ~6
FGD dang khan hoan toan - ~1 ~ 90 ~1 ~3 ~5

JOMC | 33




Tap chi Vat liéu va Xay dung Tdp 11 s6 5 (10 - 2021)

Bang 7.
Bang cip phéi thi nghiém.

. . Thanh phin xi miing, % theo khéi luong
STT Tén mau
Xi mang Xi 10 cao FGD nguyén khai FGD dang hemihydrat FGD khan

1 5C75520G 5 75 20

2 5C85S10G 5 85 10

3 5C75S520H 5 75 20

4 5C85S10H 5 85 10

5 5C75S20A 5 75 20

6 5C85S10A 5 85 10

2.4. Cdp phdi thit nghiém

Theo tiéu chuin BS EN 15753:2010+ A1:2015 [31, xi méng siéu
Sulfate c6 thanh phf?m chinh la xi 10 cao v&i ham lvgng = 75 %, CaSO,
(c6 thé sit dung c4c dang khéac nhau) ham lwgng tit 5 - 20 % v6i vai trd
1am héa chét hoat héa Sulfate, voi hodc xi ming ham lugng tit 0 - 5 %
v6i vai trd 1am chét hoat héa kiém. Do d6, cic cip phdi thit nghiém sé
dugce thiét ké dia trén tiéu chun nay. Pdng thoi ciing sé thiét ké cip
phéi st dung cic dang va ham lwgng khac nhau cta thach cao FGD
nh3m danh gia anh hwéng cta chiing t&i tinh chit cta xi ming siéu
Sulfate.

2.5. Phuong phdp thit nghiém

Cac phuong phap thi nghiém st dung trong nghién cifu nay gdm:

- Phuong phép xac dinh lwgng nuée tiéu chudn, thei gian déng
két theo TCVN 6017:2015 [4];

- Phuong phdp xdc dinh cuong dd xi médng theo TCVN
6016:2011 [1], tuy nhién lwgng nuée yéu cdu duoc thit nghiém theo
TCVN 9501:2013 [2].

Céc mAu vita xi ming nhim thit nghiém mtc d6 suy giam cudng
d6 trong cac méi tredng xam thyc Sulfate va nude bién ciing dugc
chudn bi theo 2 tiéu chudn niy, tuy nhién méi trudng ngdm miu 13
dung dich Na,SO, 5 % dbi v&i cac miu duge danh gia d6 bén Sulfate,
trong nude bién nhan tao déi véi miu duge danh gia d6 bén trong moi
triedng nue bién,

Thanh phin ctia nwéc bién nhén tao duoc thé hién trong Bang 8.

Bang 8.
Thanh ph?m ché tao ctia nuGe bién nhan tao.
STT Tén héa chat Ty 1é st dung, g/lit
1 NaCl 27,618
2 MgCl, 2,26
3 MgSO, 3,248
4 CaCl, 1,153
5 KCl 0,721

- Xéc dinh d6 co kho cua vita: theo TCVN 8824:2011 [5];

- X4c dinh nhiét thuy héa ctia xi ming & d6 tudi 3, 7, 28 ngay
theo TCVN 6070:2005 [6];

- Phan tich XRD ctia cAc mAu trén méy chup D8 seri 2 ctia hang
Bruker tai Trung tam kiém dinh, Vién VLXD;

- Phan tich hinh dang vi cu triic ctia mu bing phiong phap
SEM st dung kinh Fe-SEM 4800 ctia Hitachi tai Vién Vé sinh dich t&
trung vong.

- Céch ché tao mAu hd xi ming dé chup XRD va chup SEM
+ Diing can k§y thut can 200 g nuéce sau d6 cho 500 g hdn hop chit
két dinh (ty 16 N/JHH =0,4), chinh xac dén 0,1 g, cho vao cbi tron.
+ Trén nudc va xi ming theo quy trinh thit nghiém nude tiéu chudn
theo TCVN 6016:2011.
+ Sau khi tron, cho miu vao khay nhyfa chia ngén, rung trén ban rung
trong vong 45 gidy, sau d6 cho vao phong dudng am, duwdng 4m trong
vong 24 h.

Hinh 4. Chuin bi mAu thit nghiém chup SEM va XRD.

+ Sau 24h, miu dugc tach khoéi khuon, bao dudng trong nuée & diéu
kién dudng ho tiéu chuén, nhiét d6 phong dudng ho duy tri & 27 + 2
°C, d6 4m = 95 %.

3. Két qua nghién citu va thao luin

3.1 Anh huténg ctia cdc dang thach cao FGD t&i iong mitde tiéu chudn va
thoi gian dong két cia xi mang siéu Sulfate

Nuée tiéu chudn va thoi gian déng két ctia miu dugc thé hién
trong Bang 9.

Tit Bang 9, ta c6 dd thi thé hién lwgng nuée tidu chudn va thai
gian dong két t6i dang cua thach cao FGD dugc thé hién trong Hinh 5

va 6.
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Bang 9.
Nuée tiéu chuln, thoi gian déng két cta xi ming.
STT Tén mau Nudc tidu TGBD DK, TG KT
chuén, % min Dk, min
1 OPC Hoang 27,15 105 150
Long
2 5C75520G 32,5 300 435
3 5C85S510G 33,0 290 380
4 5C75S20H 36,0 210 420
5 5C85S10H 35,0 285 505
6 5C75S20A 32,0 220 330
7 5C85S10A 31,0 250 370

w
)

Lugng nudc tiéu chun, %
w
N

- Ligng nutde tidu chuln ciia cic miu st dung thach cao dang
CaS0,.0,5H,0 cao nhét, sau d6 13 cic mau véi st dung thach cao tu
nhién va thach cao khan. Piéu nay c6 thé giai thich 13 do thach cao
CaS0,.0,5H,0 d& dang phan t¢ng véi nudec dé tao ra CaS0,.2H,O theo
phuong trinh phan ¢ing nhu sau:

CaS0,.0,5H,0 + H,0 - CaS0,.2H,0

- Chénh léch giita thoi gian bt dAu dong két va két thic dong
két ctia cdc nhém mAu déu 16n hon v6i véi miu xi ming OPC dbi chiing,
trong ¢6 nhém mau st dung thach cao dang hemihydrat 1a chénh léch
nhiéu nhét (chénh 1éch 210 - 220 phit).

3.2. Anh hieéng ciia cdc dang thach cao FGD t6i cuomg do nén ciia xi mang
siéu Sulfate trong cdc méi truong xdm thi'c

M4u vita dugc ché tao theo tiéu chuén theo TCVN 6016:2011,
nhung v6i nhu ciu nwée duge thé theo TCVN 9501:2013 dé dam bao
d6 chay khéng ché ctia vita tit 115 - 125 mm. Bang 10 thé hién gi4 tri
nhu ciu nude, d6 chay va ty 1é nide/xi mang dé ché tao cudng do.
Bang 10.

Nhu ciu nuwéc, dd chay va ty 18 N/XM.

- STT | Tén miu | Luong nuéc | Do chay cua Ty 1&
20 yéu cau, ml vita, cm Nuéc/XM
2 1 5C75520G 205 12,2 0,46
28 2 5C85S510G 200 12,0 0,44
5C75520G 5C85510G 5C75S20H 5C85S10H 5C75S20A 5C85S10A 3 | 5C75520H 245 11,7 0,54
. 4 | 5C85S10H 237 12,4 0,53
Hinh 5. Nuéec tiéu chuan cua cac xi mang.
5 | 5C75S20A 203 11,8 0,45
600 S 6 | 5C85S10A 200 11,9 0,44
k] Nhén xét:
; 400 - Nhu cAu nwéc dé ché tao cwong d9 vita xi ming ctia nhém méu
_;;0 st dung FGD dang hemihydrat cao hon 2 nhém méu st dung thach cao
5§ FGD nguyén khai va FGD dang anhydrit. Biéu niy ciing tvong ddng v&i
g 200 lwgng nudce tidu chudn trong thit nghiém d6 déo tiéu chuén (Bang 9).
g | I I I I I - Nhu ciu nwée ctia nhém miu sit dung FGD nguyén khai gin
o nhu twong dwong véi nhém mau st dung FGD dang anhydrit.
5C75520G 5C85S10G 5C75S20H 5C85S10H 5C75520A 5C85S10A Céac miu duge ngam trong 03 moi trudng: nude thudng, dung
Hinh 6. Thoi gian dong két cia céc xi ming. dich Sulfate va nuéc bién d& danh gia d6 bén lau & céc tudi 2, 3, 7, 28,
60 va 90 ngay, két qua dugc thé hién trong Bang 11, 12, 13.
Nhan xét:
Bang 11.
Cudng dd nén ctia cAc miu ngam trong nide thudng.
STT Tén méiu R2d, MPa R3d, MPa R7d, MPa R28d, MPa R60d, MPa R90d, MPa
1 5C75S20G 9,96 13,60 20,89 25,30 23,77 27,28
2 5C85510G 10,57 14,08 17,32 25,90 25,10 24,99
3 5C75S20H 9,50 14,54 25,72 38,84 37,98 45,57
4 5C85S10H 9,05 14,86 20,12 30,79 45,98 47,27
5 5C75S20A 17,20 18,25 32,23 46,87 46,04 49,2
6 5C85S10A 15,83 17,07 24,96 35,38 36,84 41,46
Yéu ciu cta BS EN 15753:2010 + A1:2015 Min 16 32,5-52,5 - -
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Bang 12.
Cudong d6 nén ctia cdc mau ngam trong dung dich Sulfate va chénh léch cudng d6 so v&i ngam nudce thuong.
T Tén miu R2d, Chénh R7d, Chénh R28d, Chénh | R60d, | Chénh | R90d, | Chénh
MPa léch, % MPa léch, % MPa léch, % MPa 1éch, % MPa léch, %
1 5C75S20G 8,16 -18,07 13,09 -37,34 20,97 -17,11 24,65 3,70 26,47 -2,97
2 5C85S510G 12,16 15,04 17,46 0,81 26,91 3,90 29,24 16,49 32,87 31,53
3 5C75S20H 8,74 -8,00 20,13 -21,73 44,5 14,57 44,44 17,01 26,53 -41,78
4 5C85S10H 11,66 28,84 22,03 9,49 35,55 15,46 46,99 2,20 48,52 2,64
5 5C75S20A 14,18 -17,56 30,37 -5,77 45,35 -3,24 46,23 0,41 46,53 -5,43
6 5C85S10A 12,43 -21,48 22,82 -8,57 32,77 -7,38 37,43 1,60 37,17 -10,35
Bang 13.
Cudng d6 nén ciia cdc mAu ngam trong nuée bién va chénh léch cwdng do so véi ngdm nuée thiudng.
T Tén miu R2d, Chénh R7d, Chénh R28d, Chénh | R60d, | Chénh | R90d, | Chénh
MPa 1éch, % MPa 1éch, % MPa 1éch, % MPa 1éch, % MPa 1éch, %
1 5C75520G 8,16 -18,07 13,09 -37,34 20,97 -17,11 24,65 3,70 26,47 -2,97
2 5C85S10G 12,16 15,04 17,46 0,81 26,91 3,90 29,24 16,49 32,87 31,53
3 5C75S20H 8,74 -8,00 20,13 -21,73 44,5 14,57 44,44 17,01 26,53 -41,78
4 5C85S10H 11,66 28,84 22,03 9,49 35,55 15,46 46,99 2,20 48,52 2,64
5 5C75S20A 14,18 -17,56 30,37 -5,77 45,35 -3,24 46,23 0,41 46,53 -5,43
6 5C85S10A 12,43 -21,48 22,82 -8,57 32,77 -7,38 37,43 1,60 37,17 -10,35

Tit Bang 11, 12, 13 ta c6 dd thi quan hé giita ngay duwdng ho va cudng d6 duge thé hién trong Hinh 7 va Hinh 8.
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2 ngay 7 ngay 28 ngay 60 ngay 90 ngay
Hinh 7.a. Cuong do ctia da xi mang ngdm trong nuwdc thudng & cac Hinh 8.b. Cudng d6 cua dé xi méng ngadm trong dung dich
ngay tudi. Sulfate & cic ngay tudi.
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5C75520G 5C85510G 20 m5C75S820G = 5C85510G m5C75S20H
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Hinh 8.a. Cudng d6 nén cua da xi mang bao dudng trong 3 moi

Hinh 7.c. Cudng d6 ctia da xi ming ngdm trong nudc bién & cac
trwding & tudi 2 ngay.

ngay tudi.
m 5C75S20G = 5C85S10G = 5C75S20H m 5C75520G m5C85S10G = 5C75S20H
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Nuéc thuong DD sulfat Nuée bién Nudc thuong DD sulfat Nudre bién
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Hinh 89.c. Cudng dd nén cta dé xi méng bao dudng trong 3

Hinh 8.b. Cudng d6 nén cua da xi mang bao dudng trong 3 méi
moéi trdng khéc nhau & tudi 28 ngay.

trivdng khéc nhau & tudi 7 ngay.

6d"5C75820G  m5C85810G = 5C75820H 60 m5C75520G #5C85510G  5C75S20H
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Nuéc thuong DD sulfat Nude bién Nuéc thuong DD sulfat Nuéc bién
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Hinh 8.e. Cudng dd nén cua dé xi mang bado dudng trong 3 moi

Hinh 8.d. Cudng d6 nén cua da xi mang bao dudng trong 3 moi
trudong & tudi 90 ngay.

tredong & tudi 60 ngly.

JOMC | 37



Tap chi Vat liéu va Xdy dung Tdp 11 56 5 (10 - 2021)

Nhan xét:
- MAu vita xi mang ngam trong méi trédng nude thwdng:

+ Cudng d6 tang khi ting thoi gian ngdm méu vita xi méng.

+ Céc miu vita xi ming st dung thach cao FGD nguyén khai &
tubi 28 ngdy khong dap tng yéu ciu cta tiéu chudn BS EN
15753:2010 + A1:2015.

+ Céc mau vita xi ming con lai sit dung FGD dang hemihydrats
va anhydrat déu dap ting loai 32,5 N, riéng cp phdi 5C75S20A thoa
man loai 42,5 N theo phén loai ctia BS EN 15753:2010 + A1:2015.

- MAu vita xi mang ngam trong dung dich Sulfate:

+ Cudng d6 hau hét ting khi ting thoi gian ngdm miu, tuy
nhién mAu st dung 20 % FGD dang hemihydart (5C75S20H) thi cttdng
d6 sau 90 ngay thip hon cuwdng do 60 ngay. Didu nay c6 thé do trong
dung dich Sulfate, ndng d6 Sulfate du nén két tta ettringite nhidu hon
va bam vao bé miit ctia hat xi. Do hiéu tng n& thé tich ctia ettringite,
vita xi ming 5C75S20H sé bi nift, 1am giam d6 bén. Hién twong niy
¢6 thé do hemihydrat hoat tinh hon so v&i dang ty nhién hoic dang
anhydrit nén da bi hoa tan déng ké ra méi tridong dé béo hoa ndng do
Sulfate d4n dén cuwong dd miu giam.

+ O tudi s6m (2 ngay, 7 ngay va 28 ngdy), hiu hét cic miu
ngam trong dung dich Sulfate c6 cwong d6 thip hon so véi mau ngam
trong nudc thudng, tuy nhién & cac tudi sau, tif 60 ngly dén 90 ngay,
cwdng dd cac mAu ngam trong dung dich Sulfate hiu nhu cao hon cac
mau ngam trong nuwdc thuong (trit 2 cip phbi 5C75520H, 5C85S10A
& tubi 90 ngay).

- MAu vita xi ming ngim trong nuw&c bién nhan tao:

+ Cudng d6 hau hét ting khi ting thoi gian ngdm miu. Tuong
ty nhu trong mdi trudng Sulfate miu st dung 20 % FGD dang
hemihydart (5C75S20H) cwdng d6 & 90 ngay thip hon cudng do 60
ngay.

+ O tudi 2 ngay, hiu hét cic ngam trong dung dich Sulfate c6
cwdng dd thap hon so véi miu ngdm trong nuée thiudng, tuy nhién &
céc tudi sau, tif 7 ngay dén 90 ngiy, cudng d6 cic miu ngim trong
nueGe bién hiu nhv cao hon cdc miu ngdm trong niGe thwdng va dung
dich Sulfate.

biéu nay giai thich 1a do:

+ Trong méi tredng nwdc thwdong, qué trinh thiy héa ctia SSC
dva trén hiéu tng kich thich ctia kiém va Sulfate dbi v6i

hoat tinh tiém

tang cua xi.[7] Khi SSC dugc trén véi nuwde, trede tién Sulfate va
clanhke hoa tan trong hé, tao thanh OH, Ca?*, SO,* va mot lugng nho
AIP*, Si**... Sau d6, gel canxi silicat ngdm nuGc (C-S-H) va gel canxi
aluminat ngdm nuéc (C-A-H) dugce hinh thanh.

Ca(OH), + SiO, > C-S-H (gel) (4)

Ca(OH), + Al,0; > C-A-H (gel) (5)

Mot ty 16 nho xi ming pode ling ban dau sé hydrat héa, cung
cép canxi hydroxit (CH), thic déy qué trinh hoa tan xi. Céc ion nhém,
canxi va silic hoa tan t¥ xi phan @ng v&i canxi sunfat (C$) dugc bb
sung tao thanh pha ettringite (C,A$3Hs;,) va canxi silicat hydrat (C-S-
H), nhv dugc minh hoa trong phuong trinh (6) [8]. San phém thuy
héa chinh la Ettringte.

CsSsA + CH + C$ + 34H > C,A$.H,, + 3 CSH (6)

+ Trong méi tritd¥ng Sulfate, nitc bién, cic ion Ca2* SO,2, CI- ti¥
dung dich tiép tuc phan ng véi cic thanh phin c¢6 trong xi. Nuée bién
¢6 ndng do ion Cl' cao nén Cl' s& phan ng véi cdc san pham thily héa
AFt trong hdn hop tao nén cac tinh thé Friedel’s salt (ho CI-AFt) trong
céc 16 réng C-S-H 1am cAu triic ¢4 xi ming dic chic theo thoi gian, giam
kich thwée 16 rdng nén 1am ting cudng d6 da xi ming & tudi dai ngay.

Do d6, 6 thé thiy ring, xi ming siéu Sulfate sit dung thach cao

FGD bén trong méi triong Sulfate va nude bin.
3.3 Vi cdu triic va thanh phdn khodng ctia dd xi mdng

Luwa chon 03 miu lam dai dién cho 3 dang thach cao FGD la:
5C85510G, 5C85510H, 5C75520A dé thit nghiém céc dic tinh cta hd
xi ming gdm: phan tich vi ciu trtic (SEM), phén tich thanh phin
khoang (XRD).

Céc méu hd xi ming duge chuln bi theo muc 2.5, sau d6 bao
dudng t6i tudi thit nghiém. MAu hd xi ming duge dudng ho dén 3 va
28 ngay duoc xac dinh thanh phin khoéng (XRD) va vi ciu triic (SEM)

Két qua chup vi cAu va thanh phin khoang ctia d4 xi ming & 3
va 28 ngay duoc thé hién trong Hinh 9, 10.

Tit két qua phan tich XRD xac dinh ban dinh lwgng ham Iiugng
céc khoang ton tai trong d4 xi ming & tubi 3 va 28 ngay duoc thé hién

trong Bang 14.
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Ettringite
BO0-NIHE 10.0kV: 9 6mrm x10.0k SE(M) 712772621

7

Ettringite

Q0-NIHE 10,0kV 8. 7mm x20.0k. 8E(M) 8/15/262'

M4Au 5C75S10A -28 d

Hinh 9. Vi ciu tric clia d4 xi ming & 3 va 28 ngay tudi ngdm trong nuwéc thudng.
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Hinh 10. Phén tich XRD ctia d4 xi miing & tudi 3, 28 ngay ngim trong nwdc thuong.

Bang 14.

Thanh phén cac khoang d4 xi ming & tudi 3, 28 ngdy ngdm trong nuéc thudng.

Thanh phin khoang, % khéi lugng
Tén mAu xi ming Ettringite . . . .
Gypsum Calcium Silicate Larnite Pha v6 dinh hinh
5C85S810G-3d 16 10 16 12 46
5C85510G-28d 19 13 7 54
5C85S10H-3d 17 17 12 43
5C85S10H-28d 16 13 13 54
5C75S820A-3d 19 23 12 10 36
5C75S20A-28d 19 12 10 12 47

Nhan xét:

- Két qua phan tich thanh phin khoang va vi ciu tric cua da xi
ming st dung 03 dang ctia thach cao khé twong ddng nhau. Cac khoang
chit yéu c6 mit trong d4 xi ming 14 ettringite (manh, nho, tinh thé hinh
ling try c6 vén), gypsum (don t3, tinh thé 16n kéo dai hinh ling try) va
C-S-H (dang tAm, xép 16p).

- Cac khoang & tudi 3, 28 ngay c6 sy thay dbi v& ham lugng cac
khoéng gypsum, chiing t6 khoéng gypsum trong thach cao van tiép tuc
tan ra dé phan @ng v&i thanh phin vé dinh hinh trong xi dé tao nén cac

san phdm thiy héa & tudi dai ngay, gép phin vao ting cudng db clia

dé xi mang.

3.4. Anh huéng ctia cdc dang thach cao FGD tGi nhiét thity héa va do co

khé cta xi mdng

Lua chon 3 miu lam dai dién cho 3 dang thach cao FGD la:
5C85510G, 5C85S10H, 5C75520A dé thit nghiém quad trinh thiy héa va
d6 co kho cta xi ming. Két qua thit nghiém dvgc thé hién trong Bang
15 va Hinh 14, va Bang 16 va Hinh 15.

Bang 15.
Nhiét thuy héa cta xi méng.
. Nhiét thity héa & céc tudi, cal/g
STT Tén mau
H3 H7 H28
1 5G85510G 20,40 29,45 33,24
2 5C85S10H 24,41 32,18 47,33
3 5C75S20A 31,17 40,64 61,66
Yéu ciu cta BS EN 15753:2010 + A1:2015 - Max 52,55 -
Yéu ciu ctia TCVN 7712:2013 — loai téa nhiét thip - Max 60 Max 70
Yéu ciu ctia TCVN 7712:2013 - loai téa nhiét rét thip - Max 50 Max 60
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Bang 16.
Do co kho ctia xi méng.
5 Do co kho, %
STT Tén mau
7 ngay 14 ngay 21 ngay 28 ngay

1 5C85810G -0,009 -0,024 -0,033 -0,035

2 5C85S10H -0,027 -0,047 -0,059 -0,063

3 5C85S20A -0,067 -0,090 -0,098 -0,102

Yéu ciu ctia tiéu chuin TCVN 9501:2015 - - - Max 0,15 (gia tri tuyét dbi)
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Hinh 111. Nhiét thuy héa ctia xi méng.
Nhén xét:

- Ca 3 mau xi ming du c6 nhiét thuy héa théa man yéu ciu cia tiéu
chuin BS EN 15753:2010+A1:2015, d6 co khé sau 28 ngay thoa man
TCVN 9501:2013. Trong d6, nhiét thity héa va do co kho ctia cAc maiu
stt dung FGD nguyén khai thip nhét, tiép sau 14 miu st dung FGD dang
ntta nude va miu st dung FGD khan c6 nhiét thily héa va d6 co khd
cao nhét trong cic miu thit nghiém.

- b6i v6i mau cip phédi stt dung thach cao FGD nguyén khai va FGD
dang nita nuée déu cé nhiét thiy héa théoa min loai téa nhiét rat thip
theo TCVN 7712:2013 [9]. Riéng dbi v6i cip phdi st dung thach cao
FGD khan thi théa méin loai xi ming toéa nhiét thdp theo TCVN
7712:2013.

4. Két luan
Tt céc két qua nghién cttu cho két luan sau:

- Hoan toan ché tao dugc xi ming siéu Sulfate sit dung cic ngubn
nguyén vat liéu phé thai tai Viét Nam gbm xi 16 cao va thach cao FGD
— phu phim ctia cdc nha méy dbt than phun dap tGng loai 32,5 N va
42,5N theo tiéu chuin BS EN 15753:2010 +A1:2015.

- Thach cao FGD véi dang hemihydrat va anhydrit ¢6 tic dung tét v&i
sy phét trién cuong d6 clia d4 xi ming. Pdng thoi, cdc miu ciing bén

trong cac méi trdng xam thute Sulfate va nude bién.
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Céc ngay tudi thit nghiém

Hinh 122. B0 co kho ctia xi méng.

- P4 xi méng c6 san pham thiy héa cha yéu 1a khoang ettringite,
thach cao du’ va C-S-H. MAu xi ming ¢6 cwdng d6 & tudi s6m do s hinh
thanh khodéng ettringte.

- Xi ming c6 nhiét thiy héa thuéc nhém toa nhiét thip va rat
thép, d6 co khé théa man yéu cu ki thuat cta tiéu chudn xi ming da
chu tir.
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