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Anh huéng ctia canxi nitrat t¢i mot sb tinh chit ctia xi miing poéc ling hén hop
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Muc tiéu ctia nghién cifu nay 14 danh gia anh huwdng ctia ham lwgng canxi nitrat (CN) dén mét s tinh chit
ctia xi ming Poéc ling hén hop. Haim higng CN dige khao sét bao gf)m 0%, 0,1%, 0,2%, 0,3% va 0,4%. Cac
tinh chit ctia xi ming Poée ling hdn hop duwge nghién citu bao gdm ltgng nuée tiéu chuln, nhiét thily héa
trong 24 gi& du, thoi gian dong két, va cudng d6 nén & cac tudi 1 va 7 ngdy. Két qua nghién ctu cho thiy
viéc ting ham lwgng CN tit 0% dén 0,4% khéng anh huéng dang ké t6i lwgng nuwée tiéu chudn. Két qua
nhiét thity héa cho thiy CN thiic diy déng ké qué trinh thity héa ctia xi ming & tudi sém, 1am ting nhiét do
hd xi ming so véi miu dbi chiing. CN 1am giam dang ké thoi gian bt diu va két thic dong két cia xi ming,
mau st dung 0,4% CN c6 miic giam twong @ng 14n lwot 14 25 phit va 35 phit so véi mau dbi chitng. CN
lam ting déng ké cudng d6 nén & 1 ngay va 7 ngay tudi, véi mic ting 16n nhit & miu st dung 0,4% CN
dat khoang 33% (& 1 ngay) va 18% (& 7 ngdy) so véi miu dbi chitng. Trong khoang ty 16 CN dwgc nghién
cttu, anh hwdng ctia CN t&i nhiét thiy héa, thoi gian dong két va cuong dd nén tré nén ro rét hon khi ting
ham lwgng CN. Nghién citu cho thdy CN c6 tidm ning dugc st dung hiéu qua dé cai thién cuwong d6 tudi

s6m ctia xi ming Poéc ling hdn hop.

ABSTRACT

Calcium nitrate

Blended Portland cement
Compressive strength
Heat of hydration

Properties

The objective of this study was to evaluate the influence of calcium nitrate (CN) dosage on selected properties
of blended Portland cement. The investigated CN contents were 0%, 0.1%, 0.2%, 0.3%, and 0.4% by mass
of cement. The studied properties included normal consistency water demand, heat of hydration during the
first 24 h, setting time, and compressive strength at 1 and 7 days. The results showed that increasing the CN
content from 0% to 0.4% had no significant effect on the normal consistency water demand of the blended
Portland cement. Hydration heat measurements indicated that CN significantly accelerated the early
hydration process, resulting in higher paste temperatures compared with the reference sample. The addition
of CN also substantially reduced the setting time of the cement; the specimen containing 0.4% CN exhibited
a reduction of 35 min compared with the control sample. Furthermore, CN markedly enhanced the
compressive strength at both 1 and 7 days. The greatest improvement was observed for the sample containing
0.4% CN, with increases of approximately 33% and 18% in compressive strength at 1 and 7 days,
respectively, relative to the control sample. Within the investigated dosage range, the effects of CN on
hydration heat, setting time, and compressive strength became more pronounced with increasing CN content.
The findings demonstrate that CN can be effectively utilized as a chemical accelerator to improve the early-

age strength development of blended Portland cement.

1. Gi6i thidu

Chinh vi vy, cic nha may luén mong mudn ting ham lwong phu

gia khoang c6 thé st dung. Tuy nhién, viéc nay dbi mit v&i rdo can

& Viét nam, xi ming dugc san xudt va st dung phé bién 1a xi ming
Poéc ling hén hop. Thanh phan chinh cta cac loai xi ming niy bao gdm
clanhke xi ming Poéc ling, thach cao va hén hop phu gia khoang. Cac
phu gia khoang thwong dugce st dung nhu dé voi, d4 bazan, tro bay, xi
nhiét dién va xi 16 cao. Viée stt dung phu gia khoéng dem lai nhiéu lgi ich
ca vé& moi tridng va kinh té, ki thuat. Chiing lam gidm lwgng clanhke sit
dung, dan ti giam phat thai CO, va giam gi4 thanh san phim. Viéc diing
phu gia khoéng con c6 thé ting d6 bén trong méi trudng xam thic va cai

thién mot s6 tinh chit quan trong clia xi ming.
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quan trong do cac phu gia khoang thudng lam giam téc dé thiy héa &
giai doan dau khién kéo dai qua trinh dong két va giam cudng d6 tudi
sém cua xi mang.

Mot trong nhiing giai phép c6 thé ap dung dé khic phuc vén dé
ndy ctia phu gia khoang 12 bb sung phu gia héa hoc ¢6 kha ning thic
dy thuy héa ctia xi ming [1-3]. Mot trong nhitng phu gia héa hoc dugc
st dung tit 1au d6 1a canxi clorua (CaCl,) [3]. CaCl, rat hiéu qua trong
viée 1am ting cudng d6 tudi sém va tudi mudn ctia xi ming, nhung né

chita ion clo gay dn mon cbt thép, 1am han ché viée st dung CaCl, trong
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san xudt xi ming. Trén thé giGi, tit thap nién 1980 canxi nitrat (CN), ¢
cong thitc héa hoc Ca(NO,),, di duge st dung thay thé CaCl, trong ché
tao bé téng cbt thép do CN gitp thic diy thiy héa ctia xi ming ma
khéng giy an mon cbt thép trong bé tong [4].

C6 nhidu nghién ctu tip trung vio anh hwéng ctia CN t&i qua trinh
thily héa, céc tinh chét ctia xi méng Poéc ling [3, 5-9]. K&t qua cho thiy
khi stz dung & ham lwong thich hop, CN c¢6 thé rit ngén thoi gian déng
két va gia ting ca cwdng d6 tudi sém va mudn cta xi ming Pobe ling [3,
5, 6, 8, 9]. biéu nay 14 do CN c¢6 thé thiic diy qua trinh thily héa caa céc
khodang trong clanhke bao gdm C,S, C;A, va c6 thé ca G,S [9].

CN lam gia tang sy hinh thanh ettringite trong qua trinh thiy héa
xi ming Podc ling [9]. Cac ion NO; sinh ra tit sy hoa tan ctia CN trong
dung dich 15 réng thay thé ion SO, trong pha AFm tao ra san phim thity
héa NO,;-AFm. Qua trinh nay lam ting lugng SO,* tu do trong dung dich
15 rBng, tit d6 thic d4y sy hinh thanh ettringite nhiéu hon [9, 10].

CN c6 kha ning rit ngin giai doan cam ¥ng va thic diy qué trinh
thily héa céc khoéng silicat, dic biét 1a C,S va ¢6 thé ca C,S [5, 9, 11].
Co ché dugc cho 1a lién quan dén sy gia ting néng do Ca** trong dung
dich 13 réng khi CN hoa tan, 1am cho dung dich dat trang thai qua bdo
hoa dbi véi Ca(OH), trong thoi gian ngén hon. Két qua 14 cac tinh thé
portlandit (CH) duge hinh thanh sém, tao diéu kién cho qua trinh thiy
héa C.S budc vao giai doan ting tdc sém hon so v&i miu khong sit
dung CN [5, 9].

El-didamony va cong su [12] nghién cu anh hudng ctia CN dén
qué trinh thily héa ctia C,S va thiy ring CN ting téc do thity héa ciia
khoang nay.

& trén thé gidi, rét it nghién ctu tip trung vao anh hwéng cia
CN t6i qué trinh thiy héa va céc tinh chét ctia xi ming Poée ling hdn
hop [13, 14]. Két qua nghién cifu ctia Derakhshani va céng su [13] cho
thay viéc st dung 1 % CN lam ting cuong d6 clia xi ming Podc ling
puzolan & ca tubi s6ém va mudn. Skripkiunas va céng su [4] ciing ghi
nhén viéc s dung 0.5 % va 1 % CN lam téng cudng do ctia bé tong st
dung xi méng da voi.

Tai Viét Nam, dd c6 mét sé nghién cttu budc dau danh gia kha
ning st dung CN nhim cai thién cudng d6 tudi sém ctia vat lidu gbe xi
mang. Chfmg han, nghién ctu cua Luu va cdng sy [15] cho thfiy viéc

st dung CN c6 thé 1am ting cudng d6 nén tudi 3 va 7 ngay ctia bé tong

Bang 1. Thanh phan ctia xi mang PCB40.

nhe st dung ham lwgng 16n xi hat 16 cao nghién min dé thay thé xi
ming Poéc ling. Tuy nhién, cic nghién cttu céng bd vé anh hwong ctia
CN dbi v&i qua trinh thiiy héa va cac tinh chit cta xi ming Poée ling
hdn hop san xuét trong nwéc hién van con rit han ché.

Do d6, muc tiéu ctia nghién c?u nay 1a danh gid kha ning ¢ng dung
CN lam phu gia ting citdng d6 sém ctia xi ming Podc ling hén hop cia
nha méy xi ming trong nwdc. Nghién ctu tip trung khao sat anh hudng
clia ham lugng CN ti Ivgng nude tiéu chudn, thai gian dong két, cuong

d6 nén 1 va 7 ngay, nhiét d6 hd xi ming trong 24h diu tién.

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

Xi mang Poéc lang hdn hop duge st dung trong nghién ctu nay
12 loai xi miing PCB40 céng nghiép dugce san xuit trong nwde. Thanh
phin ctia xi miing duoc trinh bay trong Bang 1 Thanh phin héa hoc va
thanh phan khoéng ctia clanhke dugc trinh bay 14n lwgt trong Bang 2
va 3 CN dugc sit dung 13 san phim céng nghiép c6 d6 tinh khiét 99 %.

2.2. Phuong phdp nghién cttu

HOb xi ming va vita xi ming dwgce chuln bi theo quy trinh sau.
CN dugc can theo ham lwgng thiét ké va hoa tan trong nuéc tron bing
may khudy co hoc trong 3 phiit d& dam bao phu gia phan tan déng nhét.
Dung dich thu dugc duge st dung lam nude tron dé ché tao ho xi méang
hoic vita xi ming (bao gdm xi ming va cét) phuc vu cdc thi nghiém
tiép theo.

Lugng nuée tidu chuén va thoi gian déng két ctia xi miing dugc
xac dinh theo TCVN 6017:2011 [16]. Cudng dd nén cia cac mAu vita
xi mang dugc x4c dinh theo TCVN 6016:2011 [17].

Nhiét thity héa ctia cdc mau hd xi ming duge xac dinh nhu sau:
hé xi ming (c6 va khéng c6 phu gia) dwoc tron trong 3 phiit & tbe do
cham béng may trdn tiéu chudn, sau d6 duge dd vao cbe nhya hinh tru
(dwdng kinh 5 cm, chidu cao 4 cm). Mbi cbc duoc dit trong hop cach
nhiét béng x6p. M6t cam bién nhiét dugce cim vao gitta mau hé xi mang
va nbi v6i thiét bi ghi nhiét d6. Qua trinh ghi nhan nhiét 6 dugc thiyc
hién ty dong v6i chu ky 30 gidy/1an, kéo dai trong 24 gio.

Thanh phén Clanhke Thach cao bé voi bé bazan Tro day Tro bay
Ty 1€ (%) 74,1 3,4 8,6 3,4 6,8 3,7
Bang 2. Thanh phin héa ctia clanhke.
Oxit Sio, ALO; Fe,0, Ca0 MgO Na,O K,0 SO,
Ty 1& (%) 21,43 5,54 3,36 64,56 2,15 0,11 0,63 0,36
Bang 3. Thanh phin khoang ctia clanhke (tinh theo c6ng thiic Bogue).
Khoéng CsS C,S CsA C,AF
Ty 1& (%) 50,6 23,4 9,0 10,2
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3. Két qua va thao luan
3.1. Lwong nudc tiéu chudn

Két qua thi nghiém xac dinh luvgng nudce tiéu chuén ctia cic mau
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Ham luong CN (%)
Hinh 1. Lugng nuwéc tiéu chudn cta cidc mau xi ming.

xi mang thé hién & Hinh 1.

Lugng nudc tiéu chuin (%)

Két qua trong Hinh 1 cho thdy lvgng nude tiéu chudn clia cic
mau c6 st dung CN déu twong tv miu dbi chitng. Pidu nay cho thiy
phu gia CN khéng 1am anh huéng dang ké dén lvong nude tiéu chuln
cta xi méng.

3.2, Nhiét thity héa

Két qua thi nghiém xéc dinh nhiét thity héa ctia cic mAu xi ming
st dung ham lugng CN khéc nhau dugc thé hién trong Hinh 2.
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Hinh 2. Nhiét thiy héa clia cdc miu xi ming.

Két qua trong Hinh 2 cho thdy CN lam rit ngin giai doan cam
itng, khién giai doan ting téc cta qué trinh thity héa xuét hién sém
hon. Vi tri peak nhiét d6 ciia hd xi ming ciing dich chuyén v& thoi gian
ngén hon va nhiét d6 dinh peak ting 1én. C4c hiéu Gng nay cua CN ting
1én khi ting ham lwgng CN tit 0 dén 0,4 %. & miu d6i chitng, dinh

peak xuét hién ltc 6 gio va & nhiét d6 59 °C. Trong khi d6 &@ mau 0,4 %
CN, dinh peak xuét hién liic 4,5 gi&’ va & nhiét d6 65 °C. Cac két qua nay
twong ddng véi cac nghién ctiu tride ddy vé anh hudng ctia CN dén qua
trinh thiy héa xi mang [7-9].

S gia ting nhiét d6 hd xi ming khi stz dung CN c6 lién quan dén
kha niing thic diy thiy hoa cua cic khoang silicat va aluminat trong
clanhke. Béi v&i khoang C,S, CN 1am ting ndng d6 Ca* trong dung
dich 15 r8ng, qua d6 d4y nhanh qud trinh thily héa. Pbi v&i khoang C.A,
cac ion NO; tham gia hinh thanh NO;-AFm, 1am ting lvong SO, tw do
trong dung dich 16 réng va tao didu kién thuén 1¢i cho sy hinh thanh
ettringite. K&t qua 13 cdc san phim thity héa ban diu nhw C-S-H, CH va
ettringite dugc tao thanh véi tde d6 cao hon, 1am ting téc do téa nhiét
trong giai doan diu ctia qua trinh thuy héa [5, 9].

Ngodi tac dong dén cac khoang clanhke, CN ciing c6 thé thiic déy
phan ng cua cac phu gia khodng hoat tinh trong xi ming Podc lang
hén hop. Hill va cong su [18] cho thiy viée bd sung CN 1am ting mic
d6 thity héa cua tro bay loai C va lam ting nhiét thity héa & tudi s6m.
Co ché dugc cho 12 lién quan t6i kha ning hoat héa ctia CN, tao didu
kién thuén 1gi cho sy hoa tan va phan @ng ctia cdc pha hoat tinh trong
tro bay. Do d6, d6i v6i xi ming Poée lang hdn hop chita cac phu gia
khoang hoat tinh, sy gia tdng nhiét o hé xi mang quan sat dugc c6 thé
12 két qua clia ca viée thic dy thily héa clanhke va ting cudng hoat
héa cac phu gia khoang.

3.3. Thoi gian dong két
Két qua thi nghiém xic dinh thoi gian bit ddu dong két

(TGBPDK) va két thic dong két (TGKTDK) clia cdc mau xi mang dugc
thé hién trong Hinh 3.
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Hinh 3. Thoi gian dong két ctia cdc mAu xi mang.

Két qua trong Hinh 3 ta thiy cac mAu xi mang c6 phu gia du c6
thoi gian bt dau va két thic déng két ngdn hon miu déi ching, chiing
t6 CN c6 tac dung 1am giam th&i gian déng két ctia xi mang. Két qua
nay phu hgp véi cac nghién ctitu trude day [3, 5, 6, 8]. Xu hudng rit
ngén thoi gian d6ng két ctia CN ciing phit hop véi két qua do nhiét do
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ctia hd xi ming khi CN 1am rit ngén thoi gian ctia giai doan cam tGng
va ting nhiét d6 ctia hd xi miing & cic giai doan dau ctia qua trinh thiy
héa. Pidu nay cho thiy CN di thic diy cc phan tGng thiy héa xay ra
sém hon va véi tbe do cao hon. Bbi véi xi ming Poée ling hdn hop,
ngodi viéc ting tbc do thily héa cic khoang clanhke, CN con c6 kha
ning thiic ddy sy hoat hoéa ctia céc phu gia khoang hoat tinh, 1am gia
ting téc d6 hinh thanh cic san phdm thiy héa ban du nhu ettringite,
C-S-H va CH [9, 18]. Sy phat trién nhanh hon ctia c4c san phdm thiy
héa nay 1am cho cAu tric hd xi ming sém dat trang thai mét tinh déo,
din dén thoi gian déng két ngén hon so véi mau dbi ching.

Két qua ciing cho thiy khi ting ham lwong CN tit 0 % dén 0,4 %,
thoi gian bit diu déng két giam dan (ti 110 xubng 85 phit), thi gian
két thiic déng két ciing giam din (tit 150 xudng 115 phiit), nhung van
d4p ting yéu cAu trong tiéu chuén TCVN 6260:2020 [19]. Xu huéng nay
cho thiy hiéu qua ting tbc qué trinh thiy héa xi ming ctia CN trd nén
16 rét hon khi ham lugng CN ting, phit hop véi két qua nhiét thity héa
da trinh bay & trén.

3.4. Cudng djo nén

Két qua xac dinh cudng dd nén ciia cic mau vita & 1 va 7 ngay
duwgc bidu dién trong cac Hinh 4 va 5.
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Hinh 4. Cudng d6 nén ctia cdc mau vita xi ming.
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Hinh 5. Sy thay ddi cwdng d6 nén caa cic

mau ¢6 phu gia CN so véi miu ddi chiing.

Két qua trong Hinh 4 cho thiy viéc bd sung CN lam ting cudng
d6 nén ciia xi ming & ca tudi 1 va 7 ngly. Cudng d6 nén cha xi ming
ting din khi ham lwong CN ting tit 0 dén 0,4 %. Mic ting cudng do
16n nhét dat khoang 33 % & tudi 1 ngay va 18 % & tubi 7 ngay so véi
méu d6i ching, nhv thé hién trong Hinh 5. Nhv vdy kha ning ting
cwdng dd ctia CN 3 rét hon & tudi 1 ngdy va giam din theo thoi gian.

Sy gia ting cwdng d6 nén phit hop véi két qua nhiét thiy hoa va
thoi gian déng két da trinh bay & trén. CN thiic déy qua trinh thily héa
va sy hinh thanh cic san phim hydrat & tudi sém cta céc khodng
clanhke, ddng thoi ¢6 thé hd tro hoat héa cc phu gia khoang hoat tinh
trong xi ming Poéc ling hén hop [9, 18]. Két qua 14 cudng d6 nén ctia
cdc miu c6 CN cao hon so v&i mau déi chitng.

Mtic ting cuwdng dd & tudi 1 ngly cao hon déng ké so v&i tudi 7
ngay cho thiy tdc dung chii yéu ctia CN 13 thic ddy qua trinh thiy héa
& giai doan dAu. Khi tudi thily héa ting 1én, mic d6 thity héa cua céc
mAu d6i chiing ciing tiép tuc phét trién, 1am giam chénh léch cuwdng d6

gitfa cAc mau c6 va khong st dung CN.
4, Kétluan

Trén co s& céc két qua nghién citu dbi v6i cac miu xi ming Poée
ling hdn hop dbi ching va cic mAu cé bd sung CN & cac mitc 0,1 %,
0,2 %, 0,3 % va 0,4 %, ¢6 thé rit ra mot sb két luan chinh nhv sau:

e CN khong anh huwéng dang ké dén lvong nude tiéu chudn ctia
xi mang Poéc ling hén hgp nghién ctu trong pham vi ham lugng
nghién ciu.

e CN lam rit ngin dang ké thoi gian bit dAu va thoi gian két
thtic d6ng két ctia xi ming Poéc lang hén hop nghién cttu. Khi ting ham
ltgng CN tit 0 dén 0,4 %, thoi gian bit dAu va két thic déng két giam
twong tng 14n lwot 1a 25 phit va 35 phit so véi mau dbi chitng. Tuy
nhién, cdc miu xi ming vin dap ting yéu ciu ctia TCVN 6260:2020.

e CN thic d4y qua trinh thiy héa cta xi ming & tudi sém, thé
hién qua sy gia ting nhiét d6 thiy héa clia hd xi ming trong 24 gi& diu
so v6i mau ddi chiing.

e CN lam ting cwdng dd nén & ca 1 va 7 ngay tudi. Khi ting
ham lwong CN tit 0 dén 0,4 %, cudong d6 nén ting 1in lwot khoang 33 %
va 18 % so v&i mAu dbi chiing. Trong pham vi nghién ctu, hiéu qua ting
cuong d6 cé xu hudng tang khi ham lwgng CN tang.

e Trong pham vi him lwgng khao sat, miu st dung 0,4 % CN cho
hiéu qua cai thién thoi gian dong két va cudng do nén tudi sém cao nhit.

Két qua nghién ctiu cho thdy CN c6 tiém ning dugc st dung nhu
mot phu gia ting tdc hiéu qua nhim cai thién qua trinh thuy héa va sy
phét trién cuwdng d6 tudi sém ctia xi ming Poéc ling hén hop duge
khao sat.
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