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AT LIEU

Anh huéng ctia thanh phin xi ming dén tac dong caa

natri sunfat t&i tinh chét ctia xi ming poéc ling hén hop

Nguyén Duong Pinh"', D6 Minh Hiép!
! pai hoc Bach khoa Ha Noi

TOM TAT

Muc tiéu ctia nghién citu nay 14 danh gia anh hwdng cua thanh phin xi ming dén tic déng cua natri sunfat

TU KHOA

Natri sunfat

Xi méing Poéc ling hén hop téi cac tinh chét clia xi ming Poéc ling hén hop. Nghién cifu duge thie hién trén hai loai xi ming cong
Cuong d6 nén

Nhiét thuy héa

Tinh chit

Ham lugng phu gia khodng

nghiép PCB30 va PCB40 cua mdt nha may c¢6 ham lugng phu gia khodng hoat tinh khéc nhau, va ham lvgng
Na,SO, dugce khao sat trong khoang gdm 0%, 1%, 2%, va 3%. Céc tinh chit ctia xi ming dwgc nghién citu
bao gbm: ltgng nuée tidu chuén, thoi gian déng két, nhiét thity héa trong 24 gior diu, cwdng d6 nén & cac
tudi 1, 3, 7 va 28 ngay, va dd én dinh thé tich. Két qua cho thiy ham lwgng phu gia khoang trong xi ming
khong 1am anh hwéng dang ké t&i kha ning giam lwgng nude tiéu chuln va d6 né ctia xi ming do Na,SO,
gdy ra. Tuy nhién viéc ting ham lwgng phu gia khoang hoat tinh 1am ting kha ning rit ngén thoi gian déng
két, ting sy thic ddy thity héa ctia xi ming & tudi sém, ting cuwdng d6 1 ngiy, va han ché kha ning suy
giam cudng d6 & cac ngay 3, 7, 28 ngay do Na,SO, mang lai. Cac két qua nghién ctu cho thdy Na,SO, c6
tiém ning 1am chét hoat héa cho cic xi ming Poéc ling hén hop c6 ham lugng clanhke thip va c6 ham

lvgng phu gia khoang hoat tinh cao.
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ABSTRACT

The objective of this study was to evaluate the influence of cement composition on the effects of sodium

Blended Portland cement sulfate on the properties of blended Portland cements. The investigation was conducted using two industrial

Compressive strength blended Portland cements, PCB30 and PCB40, produced by the same cement plant but containing different

Heat of hydration 5 . X i X
P " amounts of reactive mineral admixtures. Sodium sulfate (Na,SO,) was incorporated at dosages of 0%, 1%,
roperties

Mineral admixture content 2%, and 3% by mass of cement. The properties evaluated included normal consistency water demand, setting
time, hydration heat evolution during the first 24h, compressive strength at 1, 3, 7, and 28 days, and
soundness. The results showed that the reactive mineral admixture content had little influence on the
reduction in normal consistency water demand and expansion caused by Na,SO, addition. However,
increasing the content of reactive mineral admixtures enhanced the ability of Na,SO, to shorten setting times,
accelerate early-age hydration, and improve 1-day compressive strength. Moreover, higher mineral
admixture contents mitigated the reduction in compressive strength observed at 3, 7, and 28 days following
Na,SO, addition. These findings indicate that Na,SO, has significant potential as a chemical activator for

low-clinker blended Portland cements containing high levels of reactive mineral admixtures.

1. Giéi thiéu chét hoat héa héa hoc nham cai thién qu4 trinh thity héa va tinh chét

co hoc ctia cac hé xi ming ham lvong clanhke thép.

Nganh coéng nghiép xi ming hang nidm phét thai mot lwgng 16n
CO,, chiém khoang 7-8 % tdng lugng CO, phét thai toan cAu. Phat thai
CO, trong qué trinh san xuét xi ming cht yéu xuét phat tit qua trinh
san xuét clanhke, do tiéu hao nhidu niing ligng va phén huy da véi [1].
Nhu ciu xi ming va bé tong ngay cang ting dé& dap tng sy phat trién
ha tAng va d6 thi héa d4 1am gia ting céc lo ngai v& tac ddng moi trudng
ctia nganh san xudt xi ming. Dé giai quyét vAn dé ndy, mot giai phap
chién luge duge dit ra 1a giam ty 1& clanhke trong xi mang. Nhidu
nghién citu gin cho thiy viéc niy c6 thé thyc hién théng qua viéc sit

dung phu gia khoang, t6i wu héa thanh phin clanhke, va sit dung céc
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Nhiéu nghién cttu chi ra ring, viéc st dung & ty 1é thich hop
phu gia khoéng, nht xi 16 cao nghin min, tro bay va da voi, dé thay
thé mot phin clanhke ma vin dam bao tinh ning k§j thuét phit hop
[2, 3]. Tuy nhién, viéc giam ham lugng clanhke thuwong lam giam
tbc do thiy hoa, kéo dai thoi gian dong két va giam cudng do tudi
s&m, dic biét trong xi mang hén hop c6 ham lugng phu gia khoang
cao [4, 5]. P& khic phuc céc han ché nay, nhidu chit hoat héa héa
hoc va céc hop chit chita sunfat da dwge nghién citu nhim thic diy
phan #ng thuy héa va t6i vu héa sy phat trién vi cu tric caa xi
mang hén hop [1, 6].
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Viéc diéu chinh ham lwgng sunfat ¢6 vai trd quan trong trong qué
trinh thiy héa xi ming. Céc ion sunfat kiém soat hoat tinh ctia cic
khoéng aluminat, anh hwéng dén sy hinh thanh ettringite va tic dong
dén dong hoc thily héa ctia cic khoang silicat [7]. Can bang gifta lugng
sunfat v4 mic d6 hoa tan cua aluminat anh huéng 16n dén qué trinh
ddng két, toa nhiét, va sy phat trién cwdong d6 cta xi ming. Neto va
cong su [7] chi ra ring ham lvong sunfat anh hwéng dang ké dén co
ché thiy héa, ciu tric 16 réng, thanh phan pha va cuong dé nén ctia xi
miing Poéc ling. Pong thdi, ho nhdn manh ring ham lvong sunfat tbi
uu phu thudc vio thanh phin khoéng ctia clanhke, loai phu gia khoang
va sy c6 mat cta phu gia héa hoc.

Trong nhitng nim gin diy, cic nghién citu cho thiy natri sunfat
(Na,S0,) 12 mét chit hoat héa tidém niing cho céc hé xi ming ham lwgng
clanhke thip va xi ming hén hop [4-6, 8, 9]. So v&i cac chit hoat héa
¢6 @6 kidém cao nhu natri hydroxit hodc natri silicat, Na,SO, c¢6 nhiéu
wu diém nhv tic dong moi trudng thap hon, chi phi thdp hon, d& thao
tdc va an toan hon. Ngoai ra, Na,SO, c6 kha ning cung cAp dong thoi
ion kiém v ion sunfat, tit d6 thic diy qua trinh hoa tan clanhke va phu
gia khoang, ddng thoi ting cudng hinh thanh ettringite va gel C-S-H
[10, 11].

Co ché hoat héa ctia Na,SO, da duogc chi ra trong nhiéu nghién
cttu. Trong hé xi mang Poéc ling va xi ming hén hop, Na,SO, 1am ting
d6 kidm cta dung dich 18 rbng va thic ddy sy hoa tan ciia cac pha
aluminosilicat hoat tinh [10, 11]. C4c ion sunfat cia Na,SO, phan @ng
v6i cdc ion nhém va canxi gidi phong tit qué trinh hoa tan cta cac
khoang ctia xi ming dé tao thanh ettringite, gép phan hinh thanh ciu
triic ban dAu va phét trién cwdng dd6 s¢m. Ddng thoi, d6 kidm ting ciing
thiic ddy su hoa tan ctia pha silicat va ting tdc d6 hinh thanh C-S-H
[10, 11]. Nhiéu nghién cttu d4 tap trung vio anh hudng ctia Na,SO, dbi
v6i cac hé chia xi [12-14]. Duan va cong sy cho thfiy Na,SO, cb thé
hoat héa hiéu qua qué trinh thy héa xi, lam ting sy hinh thanh
ettringite va gel C-A-S-H, tit d6 cai thién cuong d6 nén sém va lam
dic vi cAu tric [12]. Tuong ty, cc nghién ctu vé xi ming xi hoat héa
biing kiém-sunfat cho thiy Na,SO, thiic ddy hoa tan xi va ting téc phan
Gng thiy héa hiéu qua [15]. Ngoai ra, Na,SO, cling dugc chitng minh

Bang 1. Thanh phan ctia xi mang PCB30 va PCB40.

14 cai thién tinh chit ctia hé tro bay ham lwong cao théng qua viéc thic
dy phan ting puzolan va rit ngin giai doan thu déng [10, 16, 17].

Mic dit d3 c6 nhiéu nghién cttu vé& hé chét két dinh hoat héa bing
Na,SO,, phin 16n cic nghién citu tip trung vio hé clanhke don, titng
loai phu gia khodng cu thé hodc hé kiém hoat héa xi va tro bay. sé
lwgng nghién citu danh gia anh huéng clia Na,SO, dbi v&i xi ming hdn
hop c6 ham lvong phu gia khoang khac nhau con han ché.

Bén canh cic phu gia trg nghién va ting cudng do gbec
alkanolamine nhw TEA, TIPA va DEIPA dang dugc st dung réng rai
trong céng nghiép xi ming, Na,SO, 12 mot chit hoat héa vo co c6 co
ché tic dong khéc biét. Trong khi cdc phu gia alkanolamine chii yéu
anh huéng dén qué trinh thity héa clanhke va hiéu qua nghién, Na,SO,
ddng thoi cung cip ion kidm va ion sunfat, qua d6 c6 kha ning thiic
d4y phan ng ctia cac phu gia khodng hoat tinh. V&i vu diém gia thanh
thap, ngudn cung ddi dao va tiém ning hd tro ting ty 18 thay thé
clanhke, Na,SO, dugc xem 1a mét gidi phap dédng quan tAm cho phat
trién cac hé xi mang phat thai thap.

Do d6, nghién citu nay tién hanh khao sit anh huwdng ciia Na,SO,
dbi v6i cac xi miang c6 ham lwgng phu gia khoang khac nhau (PCB30
va PCB40), tap trung vio lugng nudce tiéu chuén, thoi gian dong két,
nhiét thily héa, cidng d6 nén va d6 én dinh thé tich nhim 1am r6 vai
trd ctia Na,SO, trong diéu kién thay d6i thanh phin xi ming. Két qua
nghién cttu sé cung cip co s& khoa hoc gitip st dung Na,SO, hiéu qua

trong san xuit xi mang Poéc ling hén hop & Viét Nam.

2. Vat liéu va phuong phap nghién ciu
2.1. Vatliéu

Xi ming Poéc ling hdn hop dige st dung trong nghién ctiu nay
12 xi miing PCB30 va PCB40 cong nghiép dugc san xuét tif mét nha may
xi ming trong nide. Thanh phin ctia cac xi ming duwgc trinh bay trong
Bang 1. Thianh phin héa hoc va thanh phin khoéng ctia clanhke duoc
trinh bay 14n lwot trong Bang 2 va 3. Natri sunfat (Na,SO,) dugce sit
dung 12 loai tinh khiét cAp phong thi nghiém, v&i d6 tinh khiét Na,SO,
= 99 %, dwgc cung cAp dwéi dang san phadm thwong mai.

Ty 1é cac thanh phan (%)
Xi méng
Clanhke Thach cao bé voi bé bazan Tro day Tro bay
PCB 30 65,5 3,0 9,7 11,0 6,8 4,0
PCB 40 74,5 3,4 8,6 3,2 6,6 3,7
Bang 2. Thanh phan héa ctia clanhke xi ming.
Oxit Sio, Al,O, Fe,0, CaO MgO Na,O K,O S0,
Ty 1é (%) 21,96 5,53 3,33 65,25 1,92 0,11 0,63 0,39
Bang 3. Thanh phin khoang ctia clanhke (tinh theo c6ng thiic Bogue).
Khoéng CsS C,S C:A C,AF
Ty 1& (%) 50,4 27,4 9,0 10,1
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2.2. Phuong phdp nghién cttu

Cac miu xi miang dugce chudn bi theo cac ti 1& quy dinh trong
Bang 4. Natri sulfat dugc hoa tan hoan toan trong nuwéc bing may
khudy trong vong 3 phit nhim dam bao phén tan dbng déu trwde khi
trén v4i xi mang. Dung dich thu duge dugce st dung lam nude tron dé
ché tao hd xi ming hoic vita xi ming (bao gdm xi ming va cat) phuc
vu cdc thi nghiém tiép theo.

Bang 4. Ty 1é c4c thanh phin clia cic miu xi ming.

Thanh phan (%)
STT
Xi mang Na,SO,
1 100 0
2 99 1
3 98 2
4 97 3

Lugng nwde tiéu chudn, thdi gian déng két va d én dinh thé tich
ctia hd xi mang dugc x4c dinh theo TCVN 6017:2011 [18]. Cudng do
nén clia cac miu vita xi ming (miu dbi chiéing va cac miu c6 phu gia)
dugce xac dinh theo TCVN 6016:2011 [19].

Nhiét thity héa duge x4c dinh nhi sau: hd xi méing (c6 va khong
¢6 phu gia) dwoc trén trong 3 phiit & tbc do cham bing may trén tiéu
chuén, sau d6 duge @ vao cbe nhira hinh tru (dudng kinh 5 cm, chidu
cao 4 cm). Mbi cbe duoc diit trong hop cach nhiét bing x5p. Mot cam
bién nhiét dugce cim vao gitta mau hd xi ming va ndi v&i thiét bi ghi
nhiét d6. Qué trinh ghi nhén nhiét d6 dugc thyc hién tw déng véi chu
ky 30 gidy/lan, kéo dai trong 24 gid.

3. Két qua va thao luan
3.1. Lwong mtde tiéu chudn

Két qua thi nghiém xéc dinh lvong nudc tiéu chudn (LNTC) cta
céc mAu xi ming thé hién & Hinh 1.

m0% NaxSO:  ® 1% Na:SOs
2% NaxSO:s = 3% NaxSOs
28 -
£ 27
.(ﬂ
S 26 -
o
g 25
=
B 24 -
=
o 23
bn -
g
5 22
21 4
PCB30 PCB40

Hinh 1. Ligng nwéc tiéu chun clia cic miu xi ming.

Két qua trinh bay trong Hinh 1 cho thiy viéc bb sung Na,S0O, 1am
giam lugng nudce tidu chudn cla ca hai loai xi ming nghién cifu. Két
qua nay phu hgp véi cac phat hién da dugc béo céo trong cac nghién
cttu trude [5, 6, 8, 20]. Sy giam lwgng nudce tiéu chudn c6 thé duge
giai thich bdi sy gia ting ndng do cac ion Na’ va SO, trong dung dich
16 réng do Na,SO, phan ly. Céc ion niy c6 thé hdp phu 1én bé mit cic
hat xi ming, 1am ting lyc dAy tinh dién giita cac hat, tit d6 lam ting
kha ning phan tdn cua céc hat xi méng va cai thién tinh lwu déng ctia
hé xi ming.

Két qua ciing cho thiy sy thay dbi ham ligng phu gia khoéng chi
anh huéng khong dang ké dén mite do giam lugng nude tiéu chuin do
Na,SO, gdy ra. Khi ham lugng Na,SO, téng tit 0 1én 3 %, lugng nuwdc
tiéu chuén ctia xi ming PCB30 giam 1,6 %, trong khi déi v&i xi ming
PCB40 mttc giam tuong tng 13 1,8 %. Mtc giam twong déi twong ddng
gitta hai loai xi ming cho thiy anh hudng ctia Na,SO, dén ligng nude
tiéu chuén cht yéu duge quyét dinh boi sy thay déi thanh phin héa
hoc ctia dung dich 16 rdng hon 13 béi ham lwgng phu gia khoang trong
xi ming Poéc ling hdn hop.

3.2. Thoi gian dong két

H 0% NaxSO04
2% Na2S04

1% Na2SO04

200 3% Na2SOs

150

50

Thoi gian BPPK (pht)

100

0

PCB30

Hinh 2. Thoi gian bit dAu déng két ctia cAc mau xi ming.

PCB40

(0% NaxSO4
2% NaxSO4

300 - ® 1% Na:SO0s

] 3% Na:SOs
250

200 7
150 ]

100

Thoi gian KTPXK (phtt)

50 ]

0 -
PCB30 PCB40

Hinh 3. Thi gian két thic dong két ctia cic mau xi ming.
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Két qua thi nghiém x4c dinh thoi gian bit ddu dong két
(TGBDPK) va két thtic déng két (TGKTPK) clia cdc mau xi ming dugc
thé hién trong cic Hinh 2 va 3.

Két qua trinh bay trong cic Hinh 2 va 3 cho thiy viéc bd sung
Na,SO, 1am giam ca thoi gian bit ddu déng két va thoi gian két thic
ddng két ctia hai loai xi ming nghién cttu. Két qua nay phit hop véi cac
nghién cttu trude ddy, cho thiy vai trd ctia Na,SO, nhu mét chét thic
d4y céc phan ng thiy héa & giai doan diu [5, 6, 10, 20].

Sy rit ngin thoi gian dong két khi bd sung Na,SO, trieée hét ¢6
thé duoc giai thich bdi sy thay ddi can bing sunfat trong hé xi ming.
Khi hoa tan, Na,SO, cung cip thém ion SO,* viao dung dich 16 réng,
thiic ddy phan wng giita cac pha aluminat ctia clanhke, dic biét 1 C,A,
vGi canxi va sunfat dé hinh thanh ettringite & giai doan dau. Sy hinh
thanh nhanh céc tinh thé ettringite 1am gia ting téc d6 phét trién ciu
triic khéng gian ctia hd xi ming, ddn dén sy mit tinh déo sém hon va
do d6 1am giam ca thoi gian bt diu va két thic dong két. Co ché nay
phit hop vé6i cac két qua nhiét thily héa thu dwge trong nghién ctiu, khi
viéc bd sung Na,SO, 1am ting cwdng phan ¢ng ban diu va rit ngén giai
doan cam ing ctia qua trinh thay héa.

Bén canh anh hudng dén phan ting ctia pha C,;A, Na,SO, con lam
ting ndng d ion kiém trong dung dich 16 réng, qua d6 ning cao pH ctia
hé [10]. M6i treong kiém hon c6 thé thiic diy sy hoa tan ctia cac pha
aluminosilicat hoat tinh trong phu gia khoédng, lam ting lwong ion Al
va Si tham gia phan tng & giai doan d4u. C4c ion Al hoa tan ny c6 thé
tiép tuc tham gia vao qué trinh hinh thanh ettringite, trong khi céc ion
Si g6p phan thic diy sy tao thanh gel C-S-H. Do 6, Na,SO, khéng chi
thiic ddy thily héa clanhke ma con ¢6 kha ning lam gia ting mtc do
phan ting ctia phu gia khoéng, gép phin diy nhanh qua trinh hinh thanh
cAu tric rén ctia hd xi ming.

Két qua ciing cho thiy ham lugng phu gia khoéng c6 anh hudng
d4ng ké dén hiéu qua ciia Na,SO, dbi véi thoi gian déng két. Khi ham
lwong Na,SO, ting tit 0 1én 3 %, thoi gian bit dAu déng két ctia xi ming
PCB30 giam 34 phiit, trong khi mic gidm ctia PCB40 chi dat 15 phdt.
Tuong ty, thoi gian két thic déng két clia PCB30 giam 32 phiit, trong
khi ctia PCB40 chi giam 8 phiit. Piu nay cho thiy xi ming PCB30 thé
hién mtc d6 dap ng manh hon déi v&i Na,SO, so v&i PCB40.

S khac biét nay c6 thé lién quan dén ham lwgng phu gia khoang
cao hon va ham lwgng clanhke thdp hon ctia PGB30. Trong hé xi ming
chtta nhidu phu gia khoang, si phét trién cAu triic & giai doan diu phu
thudc nhidu hon vio mitc dé phan Gng ctia cic pha aluminosilicat hoat
tinh. Viéc bd sung Na,SO, 1am ting d6 kidm cta dung dich 15 réng c6
thé thiic ddy qué trinh hoa tan céc ciu ti nay, tit d6 1am gia ting lwong
san phdm hydrat hinh thanh trong giai doan diu va dén dén sy rit ngin

thoi gian dong két r6 rét hon.
3.3. Nhiét thity héa

Két qua thi nghiém xac dinh nhiét thily héa cia cic mau xi ming si?
dung ham ligng Na,SO, khac nhau duge thé hién trong cic Hinh 4 va 5.

70 4
65 —0% NaS04
E 1% Na:SOs
60 7 2% Na:SO04
g 55 3 \ 3% NaxSOs
g 50 9
E 45
Z.
40 3
35 4
30
25 . . . . . . . .
0 3 6 9 2 15 18 21 24

Thoi gian (gid)
Hinh 4. Nhiét thiy héa clia cic mu xi ming PCB30.

70 1
5 ——0% Na:S04
65 4 1% Na:S04
60 3 Y 2% NaxS0q
g 55 1 3% Na2S04
g 50 1
QL
Z
40
35 ]
30
25 1 : . : : : : . ,

o
w
(=2

9 12 15 18 21 24
Thoi gian (gio)
Hinh 5. Nhiét thity héa ctia cidc mau xi méing PCB40.

Bang 5. Thoi gian xuét hién va nhiét do dinh peak clia cic méu xi méng PCB30.

Ham Ivong Na,SO, (%) 0 1 2 3
Thoi gian xuét hién dinh peak (gio) | 8,0 6,9 6,5 6,6
Nhiét d6 dinh peak (°C) 54,7 | 61,7 | 63,1 60,4

Bang 6. Thoi gian xuét hién va nhiét d6 dinh peak ctia cc mAu xi ming PCB40.

Ham lugng Na,SO, (%) 0 1 2 3
Thoi gian xuét hién dinh peak (gi) | 7,8 7,4 7,2 7,3
Nhiét d6 dinh peak (°C) 59,3 | 62,8 | 65,1 60,9

Két qua duong cong toa nhiét thity héa trinh bay trong cac Hinh
4 va 5 cho thiy viéc bb sung Na,SO, 1am ting ligng nhiét toa ra trong
c4 ba giai doan chinh ctia qué trinh thty héa, bao gém giai doan phan
itng ban dAu, giai doan cam tng (thu déng) va giai doan ting téc. Pdng
thoi, thoi gian ctia giai doan cam tng dwoc rit ngén va dinh téa nhiét
chinh xuét hién sém hon va cao hon khi c6 mit Na,SO, (nhu trong cic
Bang 5 va 6). Cac két qua nay cho thiy Na,SO, c6 kha ning thic day
cac phan ting thiy héa ban dau ctia xi ming.

Dua trén céc co ché di dugce d@ xuét trong cic nghién ctu trude,
hiéu qua thiic ddy thay héa clia Na,SO, ¢6 thé lién quan t&i kha ning
ting cwdng dong thoi qua trinh thiy héa ctia ca cic pha C,A va C;S
[10, 11]. Céc ion sunfat do Na,SO, cung cip thiic ddy sy hinh thanh
ettringite thong qua phan ng v4i cic pha aluminat hoa tan & giai doan
diu. bong thi, sy gia ting ndng do ion kiém trong dung dich 15 réng

do Na,S0, cung cip lam ting gi4 tri pH cua hé, thic ddy qua trinh hoa
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tan cac pha silicat va ting téc d6 tao thanh gel C-S-H va CH [10]. Két
qua 1a dong hoc thuy héa cua céc khoang clanhke dugc ting cudong
déng ké, din dén sy xuét hién sém hon va cwong do 16n hon cua céac
dinh téa nhiét.

Bén canh viéc thic diy thuy héa clanhke, cac nghién ciu triGe
cing cho ring d¢ kiém cao do Na,SO, tao ra con ¢6 kha ning hoat héa
céc phu gia khoang hoat tinh trong giai doan diu [10, 11]. Sy hoa tan
manh hon cta cac pha aluminosilicat vé dinh hinh cé trong phu gia
khoang hoat tinh 13m gia ting ndng d6 cdc cAu t¥ phan @ng trong dung
dich 18 réng, tit d6 thic dy cdc phan ng puzolan v qua trinh hinh
thanh vi ciu tric. Két qua nay phit hgp véi cac nghién citu truge day,
trong d6 Na,SO, dugc xac dinh la mot chét hoat héa hiéu qua dbi véi
ca qué trinh thly héa clanhke va phan @ng puzolan trong cic hé xi
mang hdn hop [20, 21].

Anh hwéng ctia ham lwong Na,SO, dén qué trinh téa nhiét thuy
héa t6i ca hai loai xi ming ciing ¢6 xu huéng twong tw nhu két qua da
duwge ghi nhan trong nghién ctu trvde [6]. Hidu qua thiic ddy thiy héa
ting dan khi ham lwong Na,SO, ting tit 0 dén 2 %, trong khi & mifc 3 %
Na,S0,, m@c do gia ting nhiét thuy héa c6 xu hudng giam nhe. Khi ham
lwong Na,SO, qua cao, ndng do ion sunfat va kiém ting manh c6 thé
lam c4c san phdm hydrat két tiia nhanh trén b& mit hat xi ming, tao
thanh 16p can trd sy hoda tan tiép theo ctia cac khodng, tir d6 1am giam
hiéu qua thic ddy thity hoa.

So sanh gitta hai loai xi ming cho thdy mtc d6 gia ting nhiét
thity héa do Na,SO, gdy ra & xi ming PCB30 16n hon déng ké so v&i xi
ming PCB40. Két qua nay cho thiy thanh phin xi ming ¢6 anh hudng
dén mitc do dap wng ciia hé dbi v6i viée bd sung Na,SO,. Syt khac biét
quan sat dugce c6 thé lién quan dén vai trd clia phu gia khoang trong
qué trinh thily héa & giai doan diu. Do PCB30 chita ham ligng phu gia
khoéng cao hon va ham lugng clanhke thdp hon, qué trinh thiy héa
ban du ctia hé c6 thé phu thudc nhiéu hon vao co ché hoat héa kidm.
Viée b sung Na,SO, ¢6 thé 1am ting cudng sy hoa tan clia cac phu gia
khoang hoat tinh, thiic diy cic phan tng puzolan & giai doan sém va
tao thém cac san pham hydrat. Nh& d6, hiéu qua thiic ddy qua trinh toa
nhiét thiy héa ctia Na,SO, & PCB30 tr& nén rod rét hon so véi PCB40.

Nhitng két qua nay cho thiy Na,SO, c6 tiém ning dbi véi cac hé
xi ming hén hop c6 ham lwgng clanhke thip va ham lwgng phu gia
khoang hoat tinh cao, trong d6 qué trinh hoat héa phu gia khoang déng
g6p quan trong vao sy thity héa & tudi sém.

3.4. Cudng do nén

Két qua xac dinh cuwdng d6 nén clia cdc miu vita & 1, 3, 7 va 28
ngay duoc biéu dién trong cic Hinh 6 va 7.

Két qua cudng do nén trong cac Hinh 6 va 7 cho thdy anh huéng
ctia Na,SO, phu thude déng ké vao tudi miu va thanh phin xi ming.
Péi v&i xi ming PCB30, viée bd sung Na,SO, 1am ting cudng d6 nén &
tudi 1 ngly nhung lam giam cudng d6 & cac tudi 3, 7 va 28 ngay. Xu
huéng nay phit hop véi két qua da duge cong bd trong nghién ciiu

trude, cho thdy Na,SO, chii yéu thiic ddy qua trinh thity héa & giai doan
dAu, trong khi suy giam sy phat trién cudng d6 & tudi mudn.
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Hinh 6. Cudng d6 nén cic miu vita xi miang PCB30.
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Hinh 7. Cudng d6 nén cic miu vita xi miang PCB40.

Sy gia ting cwdng dd & tudi 1 ngay cb thé duge giai thich boi
kha niing ting t6c cac phan ting thiiy héa ban ddu ctia Na,SO,. Nhu di
thao ludn & trén, Na,SO, 1am ting d6 kiém ctia dung dich 16 réng va
thiic d4y sy hoa tan ciia cic pha clanhke ciing nhu cic phu gia khoang
hoat tinh, tit 6 ddy nhanh qua trinh hinh thanh ettringite va gel C-S—
H trong giai doan dAu. S phat trién nhanh hon cta vi cAu triic gitp cai
thién cuong d6 nén tudi sém. Tuy nhién, & cic tudi mudn hon, sy tang
tbc qua mifc ctia qué trinh thity héa ban diu c6 thé din dén sy hinh
thanh vi ciu tric kém ddng nhét hon va 1am suy giam sy phét trién
cuong do dai han.

Pbi v&i xi ming PCB40, cudng dd nén & tudi 1 ngay ting khi
ham luwgng Na,SO, ting dén 2 %, nhung giam khi ham lugng Na,SO,
dat 3 %. Két qua nay cho thiy viéc bb sung Na,SO, & mtic vita phai c6
tac dung thiic ddy hiéu qua quéa trinh thity héa ban diu, trong khi ham
lwgng qué cao lai gy anh hwéng bat 10i dén su phét trién cuwong do.
Mot nguyén nhéan cé thé 1a d6 kiém qua cao do Na,SO, tao ra da lam
can tr@ qua trinh thiy héa ctia C;A va sy hinh thanh ettringite [10, 21].
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Nguoc lai, d6i v&i xi ming PCB30 chita ham lwong phu gia
khoang hoat tinh cao hon, cwong d6 nén tudi 1 ngay & mitc 3 % Na,SO,
khéng c6 xu huéng suy giam twong ty. Két qua nay cho thiy tac dung
hoat héa phu gia khodng ctia Na,SO, c6 thé bt dfp m6t phin céc anh
hwéng bat 1oi do ham lwong sunfat cao gay ra. Viéc ting cudng hoa tan
va hoat tinh puzolan & giai doan diu ctia phu gia khoang c6 thé tao
thém cac san phdm hydrat, gitp duy tri cuong d6 tudi sém ngay ca khi
ham lvgng Na,SO, dat miic cao.

Déi v6i ca hai loai xi ming PCB30 va PCB40, cudng d6 nén & cic
tudi 3, 7 va 28 ngay nhin chung déu giam khi bd sung Na,SO,. Tuy nhién,
mife d6 suy giam cwdng do c6 su khac biét giita hai hé xi méng. & tudi 3
ngay, khi ting ham lwong Na,SO, tit 0 % dén 3 %, mtc suy giam cudng
d6 ctia PCB30 (giam 2 MPa) thép hon déng k& so v&i PCB40 (giam 5,1
MPa). Pidu nay cho thiy Na,SO, gay anh hwéng bét lgi it hon déi vi cac
hé xi miing chita ham lwgng phu gia khodng cao. Mét nguyén nhén c6 thé
12 ham lugng clanhke thip hon trong PCB30 ddng nghia v&i ham luong
C,A thip hon, tit d6 han ché sy hinh thanh qué mifc ettringite trong qua
trinh thiay héa. Do dé, cac tic dong bit loi lién quan dén méit can bing
sunfat va sy két tia nhanh cac san phdm hydrat tr& nén it nghiém trong
hon trong hé xi ming chita nhidu phu gia khoang.

& cac tudi 7 va 28 ngdy, mic d6 suy gidm cuwdng d6 ciia PCB30
va PCB40 nhin chung tré nén twong duong nhau. Tuy nhién, tai ham
lwong Na,SO, cao nhét (3 %), PCB30 van cho mtc suy giam cudng do
thip hon so v&i PCB40. Két qua cho thiy hiéu qua tich cuc ctia Na,SO,
dugc phét huy r6 hon trong céc hé xi mang chita ham lugng phu gia
khoang hoat tinh cao. Mot gia thuyét c6 thé dwgc dwa ra 12 sy gia ting
d6 kiém ctia dung dich 15 rdng do Na,SO, tao ra da gép phin thic dy
mtic d6 phan ting ctia phu gia khodng & giai doan dAu, tit d6 bit dép
mét phin cdc anh hwdng bat lgi lién quan dén viée bé sung sunfat &
ham lugng cao.

Nhin chung, cic két qua thu dugc cho thiy Na,SO, c6 tiém ning
nhu mét chit hoat héa trong céc xi ming Poée ling hdn hop ham lwgng
clanhke thip va chita nhidu phu gia khoang hoat tinh. Qua trinh hoat
héa phu gia khoang déng vai trd quan trong trong viéc cai thién tinh
ning tudi sém va giam thiéu cic anh hwdng bét 1gi ctia Na,SO, dbi véi

st phét trién cuwong d6 & tudi mudn.
3.5. D6 6n dinh thé tich Le Chatelier

Két qua thi nghiém xac dinh d6 6n dinh thé tich Le Chatelier ctia
cdc mAu xi ming dugc thé hién trong Hinh 8.

Két qua x4c dinh d6 én dinh thé tich cho thiy tit ca cic mau xi
miing déu c6 gia tri d6 nd rét thip, khéng 16n hon 1 mm. Két qua nay
cho théy viéc bb sung Na,SO, khéng giy ra hién twgng mét 6n dinh thé
tich déng ké d6i v6i ca hai hé xi mang nghién cttu va tit ca cdc miu
d8u duy tri dwgc d6 6n dinh thé tich & mitc chip nhan duoc.

Mic dit tit ca cic miu déu c6 d6 nd thap, két qua cho thiy do
nd ¢ xu hudng ting nhe khi tding ham lvgng Na,SO,. Hién twgng nay
c6 thé lién quan dén sy gia tang nbng d6 ion SO,* trong dung dich 15

rbng, tit d6 thiic ddy phan @ng ctia cic pha aluminat va lam ting lugng

ettringite hinh thinh trong giai doan dau thity héa. Do ettringite c6 thé
tich 16n hon céc pha phan (ing ban dAu nén sy gia ting lugng ettringite

¢6 thé din dén xu huwéng ting nhe d6 né cta hd xi ming.

15 7 m0%Na:S0s  m 1% Na:SOs
2% Na:SOs = 3% NaaSOs
E 1.0 |
g 4
E
=05
0.0 1 : .
PCB30 PCB40

Hinh 8. P6 4n dinh thé tich Le Chatelier ctia cdc mAu xi mang.

Nhin chung, cic miu PCB30 c6 gia tri d6 né twong duong hodc
thap hon nhe so véi cdc miu PCB40 & ciing ham lwong Na,SO,. Bidu nay
cho thiy sy thay d6i ham lvong phu gia khoang khong anh hwéng dang
ké dén tac dong ctia Na,SO, dbi véi dd 6n dinh thé tich clia xi ming.

Gi4 tri d6 nd thip cia tit ca cic miu cho thiy luong ion sunfat
duge dua vao hé théng qua Na,SO, chua du 16n dé géy ra cac phan tng
triong nd ¢6 hai trong diu kién nghién cttu. Sy c6 mit cia phu gia
khoang c6 thé gép phin 1am min cAu tric 18 rdng va tao didu kién thuan
10i cho sy phan b cac san phdm hydrat trong vi ciu tric, qua d6 han

ché bién dang thé tich ctia hé vat liéu.
4. Kétluan

Tt cac két qua nghién cttu thu duoc, ¢ thé rat ra mot s6 két luan
chinh nhu sau:

e Na,SO, lam giam lwgng nwde tiéu chudn clia tit ca céc loai
xi méng nghién ctu. Ham lvgng phu gia khoang chi anh huwéng khong
d4ng ké& dén mtc d6 giam lwgng nuée tiéu chudn do Na,SO, gy ra.

e Na,SO,lam riit ngin thoi gian bit diu va két thiic déng két,
ddng thoi 1am ting nhiét thity héa va dich chuyén dinh téa nhiét chinh
vé thoi diém sém hon. Céc hiéu ¥ng niy biéu hién ré hon déi v&i xi
miing ¢6 ham lugng phu gia khoéng cao hon. Pidu nay c6 thé lién quan
téi viéc Na,SO, c6 kha nidng hoat héa cac phu gia khoang hoat tinh
trong giai doan thity héa ban dau.

e Na,SO, lam ting cudng d6 & tudi 1 ngay nhung nhin chung
lam gidm cudng d6 & cac tudi mudn hon. Mitc d6 ting cuwong do tudi
sém rd rét hon & xi mang c6 ham lvgng phu gia khodng cao hon, trong
khi mitc d6 suy giam cwdng d6 tudi mudn thdp hon, dic biét & ham
lwong Na,SO, cao. Két qua nay cho thiy Na,SO, phat huy hiéu qua tét
hon va gay anh hudng bit 1¢i it hon d6i véi cac hé xi ming chita nhiéu
phu gia khodng hoat tinh.

e Viéc bd sung Na,SO, khéng gy anh hudng dang ké dén do
6n dinh thé tich cta xi ming v6i ham lvong phu gia khoang khac nhau.
Nhin chung, Na,SO, cho théy tiém nang 1én nhu mot chét hoat héa héa
hoc dbi véi cac hé xi ming Poée ling hén hop ham ligng clanhke thip
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va chita nhiéu phu gia khoang hoat tinh, nh& kha ning thic ddy qua
trinh thity héa va cai thién cudng d6 nén tudi sém cta xi ming.
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