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SU DUNG MO HINH SO PE PANH GIA HOAT TINH CUA POZZOLAN
TUY NHIEN TRONG QUA TRINH GIA CO DAT

Nguyén Hiru Niam
Viéen Thuy dién va Nang lwong tai tao

Tom tat: Pozzolan ti nhién 1a mét trong nhing nguyén liéu thé thurong xuyén dwoc sir dung trong
qQua trinh én dinh dat. Bai bao six dung mé hinh nhiéz dong luwec hoc dé danh gid hoat dong pozzolan
cua pozzolan ti nhién. Dea trén thanh phan khoang vdt cia hai logi pozzolan ti nhién: mét cia
Daknong-Viét Nam va mét ¢ Bigadic-Thé Nhai Ky, md hinh nhiét dgng luc hoc c6 thé md phong
thanh phan héa hoc cia dung dich 16 réng, lwong két tia khoang. Tir mé phong nay, cé thé tinh
duwoc so lwong canxi silicat ngdm nwéc C-S-H va canxi silicat silicat ngdm nwéc C-A-S-H. Céc
trirong hop thiét ké hon hop khdc nhau: dat / pozzolan / véi dwoc thiét ldp. Trong tdt cd cdc triong
hop, viéc so sanh sé lwong C-S-H va C-A-S-H giira hai pozzolan tu nhién dwroc thuc hién dé danh
gia hoat dong pozzolanic cua tirng pozzolan ty nhién. M6 hinh nhiét dong luc hoc dwwong nhuw diroc
coi 1a mgt cong cu dé danh gid hoat déng pozzolan cia pozzolan tu nhién.

Tiur khoa: M6 hinh s6, Hoat dgng cuia pozzolan ti nhién, Qua trinh on dinh dat, Piknéng, Viét Nam.

Summary: Natural pozzolan is one of raw materials that is regularly used in the soil stabilization
process. The paper uses thermodynamic model to evaluate pozzolanic activity of natural pozzolan.
Based on mineralogical composition of two types natural pozzolan: one of Daknong-Vietnam and
another one of Bigadic-Turkey, the thermodynamic model can simulate chemical composition of
pore solution, mineral precipitation quantity. From this simulation, numerical quantity calcium
silicate hydrated C-S-H and calcium aluminate silicate hydrated C-A-S-H can be calculated.
Different cases of mix design: soil/pozzolan/lime are set up. In all of the cases, a comparison of
quantity C-S-H and C-A-S-H between of two natural pozzolan is carried out to evaluate the
pozzolanic activity of the each natural pozzolan. Thermodynamic model seems to be considered
as a tool to evaluate pozzolanic activity of natural pozzolan.

Keywords: Numerical model, Activity of natural pozzolan, Soil stabilization process, Daknong
Vietnam

1. GIOI THIEU

Kinh té phét trién doi hoi phai xay dung co s
ha tang mai. Piéu d6 dan dén viéc sir dung vat
liéu xay dung ngay cang nhiéu. Tuy nhién, véi
muc dich giam thiéu tac dong cua hiéu tng nha
kinh khi CO2 tir qué trinh san xuat vat liéu xay
dung, do d6, viéc sir dung nguyén liéu thay thé
nguyén liéu cong nghiép la can thiét dé bao vé
moi treong. Pozzolan ty nhién la mét trong
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nhitng nguyén ligu tho duoc st dung nhiéu nhét
dé 1am chét két dinh trong qué trinh 6n dinh dat
trong xay dung. Trén thuc té, ton tai nhiéu loai
pozzolan tu nhién véi mirc d6 hoat dong khac
nhau. M&i loai pozzolan dugc sir dung dan dén
tinh chit cua dat 6n dinh khéc nhau, anh huéng
dén chit luong cong trinh. Vi vy, viéc lya chon
pozzolan Ia rat quan trong. M6 hinh dja hoa da
dugc dé xuat [1] va duoc xac nhan dé tim ra mot
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thiét ké hdn hop cua dét 6n dinh bang céch sir
dung pozzolan tu nhién. Do d6, mé hinh dia hoa
dugc khuyén nghi dé danh gia hoat dong
pozzolan cua pozzolan tu nhién. Dya trén danh
gid, viéc lya chon pozzolan thich hop la kha thi.
Trong phan dau tién, mot s6 phwong trinh chinh
ctia mo hinh dia héa duoc trinh bay. Trong phan
tiép theo s& giGi thiéu phuong trinh hé phan tng
héa hoc cua dat 6n dinh st dung pozzolan, xi
mang va voi cling nhu cac thong sé dau vao cua
mo hinh dja hoa nhu thanh phan khoang cua dét
tu nhién, thanh phan khoang cua pozzolan ty
nhién Daknong [1] va Bigadig [2], cling nhu cac
thiét ké két hop. Két qua so sanh cua hai loai
pozzolan dugc thuc hién trong phan tiép theo.
Két luan va goc nhin ciing duoc dua ra trong
phan cubi cua bai viét.

2. TIEP CAN MO HINH

A. Cén bang nhiét dong luc hoc

Su tuong tac gilra cac ion va céac loai khoang
dan dén su két tia / hoa tan ctia cac khoang chét.
Ty 1& bio hoa khoang Qm c6 thé dugc biéu thi
bang:

Nc¢
0. =K1 1_[ .C.)Vmj
m s,m j=1 (Y] ]) m (1)

=1,..,N,

Trong d6 m 1a chi sé cua cac loai khoang, Ksm
1a hang s can bang.Cj 1a nong do mol cua cac
loai nguyén sinh trong dung dich (mol.kg-1) tirc
1a cac loai duoc cho 1a di chuyén trong dung
dich/Céc ion khac (thuong phirc tap hon) duoc
tinh dén khi tinh todn d6 phirc cua ion (xem
phuong trinh 3). vmj 13 hé s6 phan cuc cua loai
nguyén sinh, y;j 1a hé sb hoat d6 cua ion j, N¢, Np
1a s6 loai nguyén sinh va loai khoang twong
{mg. Trang thai can bang (hoic khong can bang)
clia cac loai khoang trong dung dich dugc kiém
soat boi chi sb bdo hoa khoang ISm, nhu sau:

)

DPéi voi mot loai khoang da cho, dung dich can

IS, =log Q,

bang v6i loai khoang néu ISm=0. Dung dich
chua bio hoa va céac loai khoang chit van c6 thé
hoa tan néu ISm<0. Cudi cung, dung dich 1a siéu
bao hoa va cac loai khoang chét co thé bi két tua
néu ISm>0. Cac phuc chit nudc duoc hinh
thanh do tuong tac gilta cac loai nguyén sinh
trong dung dich. Cac phan Gng nay duogc gia
dinh 13 & trang thai c4n bang cuc bod. Bing cach
st dung dinh luat tac dung khdi luong, néng do
cua phuc chét trong nudc cod thé duogc biéu thi
du6i dang ham sd cua nong d6 cua cac loai
nguyén sinh, nhu sau:

N¢
G =Kgivit H(chj)vij i 3)
=1

trong d6 C; 1a nong do mol ciia phtrc chat trong
nuée i (mol.kg™). vi, y; 1a cac hé s6 hoat
dong. Kcila hang s6 can bang cta tao phirc
nuéc. Ny 1a sb phuc chat nude duge xem xét
trong dung dich.

Co s¢ dir liéu nhiét dong luc hoc bao gém cac
thong sd ndy, co so dir liéu nhiét dong hoc
THERMODDEM cua Blanc va cong su [3]
dugc ap dung trong bai bao nay.

B. Phan @ng héa hoc va dir liéu diu vao cin
thiét

Thanh phan khoang vat cua vat liéu ban dau:
Pit, voi, tro nui lira dugc xac dinh bang phuong
phép nhiéu xa tia X dang bot (XRD). Tinh toan
Bogue d¢ xéac dinh céc giai doan clinker khong
dugc lam khan trong xi mang pooc lang thong
thuong (OPC) dugc trinh bay chi tiét hon trong
cong trinh ctia Tran [4]. Thanh phan khoéng vat
ban dau ctia hdn hop dugc cho trong bang 1.
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Bang 1: Thanh phin khodng vit ciia cac vat li¢u ban dau

Vit ligu Pha Cong thiic T?;;'lggg;‘”
Dit Quartz SiO» 4
Kaolinite Al>Si205(0H)4 23
Gibbsite Al(OH)3 61
Voi Lime CaO 66
Portlandite Ca(OH): 16
Calcite CaCOs 9
Periclas MgO 3
Quartz SiO; 1
Pozzolan Diopside CaMg(SiO3) 29
Ty nhien Forsterite Mg,SiO4 23
Daknong Cristobalite SiO2 1
Albite NaAISizOs 27
Quartz SiO; 4
Pozzolan tu Quartz SiO; 0.5
nhién Bigadig Clinoptilolite Cao.s5(Sis.oAl1.1) 82.9
012.3.9H,0
Opal Si02.nH20 6.1
Biotite Fe3(OH)2(SizAlO10) 2.1
Albite CasSiOs 6.5
Xi ming Alite (C3S) CasSiOs or 16.75
Portland (3Ca0.Si0y)
Unhydrated Belite (C29) CazSiOs or (2Ca0. SiOy) 54.45
Aluminate (C3A) CazAl>06 or (3Ca0.Al203) 14.08
Ferrites (C4AF) CasAl2Fe;010 0r 8.52
(4Ca0.Al;03.Fe;03)
Gypsum CaS04.2H,0 1.40

Heé thong phan tmg hoa hoc clia qua trinh 6n dinh dat dugc trinh bay trong bang 2, cling nhu hang
sO can bang & moi truong xung quanh 25 C, 1 atm.
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Bang 2: Phin tng héa hoc va hing s6 cin bang & 25° C, 1 atm.

Phuong trinh phan ung héa hoc logK
Quartz + 2H,0 = H,Si0, -3.74
Kaolinite + 6H* = 2A13* + 2H,Si0, + H,0 6.47
Gibbsite + 3H* = Al3* + 3 H,0 1.74
Hematite + 6H* = 2Fe 3* + 3 H,0 -0.04
Goethite + 3H* = Fe3* + 2 H,0 0.36
Lime + 2H* = Ca?* + H,0 32.70
Portlandite + 2H* = Ca?* + 2H,0 22.81
Calcite + H* = Ca®* + HCO3 1.85
Periclas + 2Ht = Mg?* + H,0 21.59
Diopside + 4H* + 2H,0 = Ca?* + Mg?* + 2H,SiO, 21.73
Forsterite + 4H* = 2Mg?* + H,SiO, 28.60
Cristobalite + 2H,0 = H,SiO, -3.16
Albite + 4H* + 4H,0 = AI3* + Na‘ + 3H,SiO, 4.14
C—S—H1.6+ 3.2H* = 1.6Ca®** + H,Si0, + 2.18H,0 28.00
C—S—H12+ 2.4H* = 1.2Ca®** + H,Si0, + 1.26H,0 19.30
C—S—HO0.8+ 1.6H" = 0.8Ca®* + H,Si0, + 0.34H,0 11.05
Monosulfoaliminate + 12H* = 2A13* + 4Ca%* + SO3~ + 18H,0 73.09
Ettringite + 12H* = 2A13* + 6Ca?* + 3505~ + 38H,0 57.01
Stratlingite + 10H* = 2A13* + 2Ca** + H,Si0, + 10.5H,0 49.67
Hydrotalcite + 14H* = 2A13* + 4Mg?* + 17H,0 73.76
Hydrogarnet + 12H* = 2Al3* + 3Ca?* + 12H,0 49.67
Brucite + 2H* = Mg?* + 2H,0 17.11
Monocarboaluminate + 13H* 80.54
= 2A13* + 4Ca®* + HCO3; + 16.68H,0
3. KET QUA duogc cb dinh 1an luot 14 3% va 4%. Luong C-

Thiét ké hon hop duoc sir dung dé mé phong
v6i 3 ham luong pozzolan ty nhién 1a 10%, 15%

va 20% khdi lwong, ham lugng xi ming va voi Hinh 3.
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S-H va C-A-S-H ctia m6 hinh trong hai truong
hop pozzolan khic nhau dugc thé hién trong
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Hinh 3: So sanh ham lwong khodng C-S-H +
C-A-S-H trong dat on dinh khi sv dung
pozzolan tw nhién khai thac tai Daknong-
Viét Nam va Bigadi¢, Tho Nhi Ky

Qua hinh 3, c6 thé d& dang nhan thdy néu véi
pozzolan ty nhién Daknong, thiét k& hon hop dat
/ pozzolan / xi mang / voi cho thiét ké hdn hop toi
uu voi 15% pozzolan duge st dung, ngugc lai
diéu nay khong xay ra véi thiét ké hon hop sir
dung pozzolan tu nhién Bigadi¢ . V&i ham luong
10%, 15% va 20% cua pozzolan Bigadi¢ tu nhién
dugc str dung, ham lugng khoang co hoc cua C-
S-H va C-A-S-H la twong duwong, khong co su
khac biét gitta cac ham lugng khac nhau, do do
dan dén do bén co hoc trong cac trudong hop nay
la twong duong.

Bang 3: Két qua s6 lrgng ty 1¢ ham luwong
khoang C-S-H va C-A-S-H dwgrc hinh thanh
khi sir dung pozzolan ty nhién Bigadic va
Piknong voi cac lwong khic nhau

Trong
C-S-H
lvgng C-A-S-H
Pozzolan
pozzolan | = Pozzolan
n Bigadi¢/pozz | =
tw nhién Bigadi¢/pozzol
olan
duoc an Daknong
Daknong
str dung

[_kHoAHOC TNV TN
(9/100g
dat)
10 0.97 3.25
15 0.68 0.77
20 0.88 3.25

Bang 3 tom tat su khac biét vé ham luong
khoang C-S-H va C-A-S-H trong truong hop st
dung pozzolan ty nhién Bigadi¢ trén pozzolan
ty nhién ¢ Daknong. Khi ham lugng pozzolan
tu nhién dugc str dung 1a 10%, co thé théy réng
luong khoang C-S-H dugc tao ra 1a tuong
duong nhau bat ké pozzolan tuy nhién, ty 1€
chénh léch la 0,97. Vé&i ham luong 20%
pozzolan tu nhi€n, pozzolan tu nhién cua
Daknong cho ham lugng C-S-H 16n hon. Tuy
nhién, sy khac bi¢t nay nho hon su khac biét khi
st dung 15% ham lugng pozzolan ty nhién, vi
ham lugng nay, Daknong pozzolan cho ham
lugng C-S-H cao nhat va pozzolan ty nhién
Bigadi¢ cho ham lugng C-S-H khong d6i nhu
da phan tich o trén.
Pozzolan ty nhién Bigadic tao ra ham lugng C-
A-S-H 16n hon, gap 3 1an, khi sir dung pozzolan
tu nhién 10% va 20%, khi so sanh véi viéc st
dung Daknong pozzolan. Nhung v4i ham lugng
t6i wu, pozzolan tuy nhién ciia Daknong tao ra
ham lugng C-A-S-H cao hon, khi ty 1€ ham
lugng C-A-S-H trong truong hop st dung
pozzolan Bigadi¢ / Daknong nhé hon 0,77.
Pozzolan ty nhién Bigadi¢ tao ra mdt lugng 16n
hon C-A-S-H trong phan 16n sy phan b do su
hoa tan cua thanh phan khoang Clinoptilolite,
chiém mét lugng 16n trong pozzolan ty nhién
Bigadig, theo phuong trinh phan ung (4):
CagssSigoAly 1045 - 3.9H,0 + 4.4H™

+ 3.7H,0

= 1.1A13* + 0.55Ca?*

+ 2H,Si0,

Clinoptilolit bi phan giai dong thoi tao ra cac
ion AI¥*, Ca?* va phan tir hoa tan H2SiO4 (nuéc)
1a 3 nguyén t6 dong thoi ciia C-A-S-H, tao ra
nhiéu ion AIP* tao su can bang cho gibbsite
AI(OH)s trong dat khong bi hoa tan nhu trudng
hop st dung pozzolan ty nhién Daknong vi

(4)
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khoang chat hoa tan Forsterit va Cristobalit
khong tao ra ion AI®* khién hé thong phan tGng
khong can bang va hoa tan gibbsite A[(OH)s dé
tao ra mdt luong nhé C-A-S-H cho dén khi dat
duoc ham luong pozzolan t6i wu.

Su khac biét vé ham luong khoang cung cip cac
dic tinh co hoc cho hdn hop dit 6n dinh C-S-H +
C-A-S-H gitra hai loai pozzolan ty nhién phuy
thudc vao ham lugng pozzolan ty nhién dugc su
dung ciing nhu anh hudng ciia ham luong chat
hoat héa. Dung 1am vo6i va xi mang. Tuy nhién,
trong gidi han cua luan van chi c6 mdt ndi dung
str dung voi va xi mang dé tim hiéu hoat tinh cta
pozzolan ty nhién. Trén co sé so sanh mo hinh s6
vé1 pozzolan ty nhién dugc khai thac tai Bigadig¢
- Thdé Nhi Ky, c6 thé két luan réng pozzolan ty
nhién duoc khai thac tai Daknong c6 thanh phan
khoang tuong ddi tét, tuy nhién rat kho cho qua
trinh str dung vi dé dat duoc chét luong cao, thiét
ké phai dugc toi wu hoa.

Ham luong t6i wu trong truong hop Daknong
pozzolan va khong véi pozzolan Bigadi¢ 1a qua
trinh can bang ctia mot loat cac phan tGng dugc
trinh bay trong Bang 2, cling nhu phuong trinh can
bang ctia Clinoptilolit (4). Vi vay, co ché gia c6 dat
néi chung chi mang tinh chat twong ddi, dé hiéu rd
hon tac dung cuia vi€c sir dung pozzolan tu nhién
dén 6n dinh d4t thi can c6 mo hinh nhiét dong luc
hoc dé giai. Cac phuong trinh ctia trinh tu phan tmg
dién ra khong chi don thuan 14 cic phan tng
pozzolanic don 1€.

TAI LIEU THAM KHAO

[1]

4. KET LUAN

Trong bai bao nay, mo hinh dia hda dugc dé xuét
dé danh gia hoat dong pozzolan ctia pozzolan tu
nhién. Panh gid kha nang hoat dong cua
pozzolan tu nhién Daknong, mé hinh cho thiy
day 1a pozzolan ty nhién tuong dbi tét voi ham
luong Forsterite va Cristobalite trong pozzolan
1én dén 24% so véi pozzolan tu nhién. Bigadi -
Thé Nhi Ky. Tuy nhién, khi st dung cc chét
hoat héa nhu véi va xi ming, viéc thiét ké ham
luong pozzolan ty nhién cua Daknong la tuong
dbi kho vi can phai tim ra ham lugng ti uu. Su
can thiét ciia md hinh nhiét dong lyc hoc mot 1an
nira duogc khflng dinh béng cach so sanh hoat
dong cua pozzolan ty nhién khai thac tai
Daknong - Viét Nam va tai Bigadi¢ - Tho Nhi
Ky. Do han ché vé thoi gian, nhiéu vin dé nghién
ctru vé co ché on dinh cta dit chua duoc 1am rd
va tich hop mo hinh dia héa nhu anh hudng cta
nhiét d§, anh hudng cta pH, vai tro ctia xi mang.
trong qua trinh phan tng vé1 ham lugng voi khéac
nhau. Pong thoi, thoi gian ciia cac phan Gng tir
d6 du doan su phat trién cua cuong do theo thoi
gian. Nhiing van dé nay cho thay cac nghién ctru
trong tuong lai can ¢ cac nghién ctru md phong
két hop thi nghiém dé ning cao d6 chinh xéac va
m¢& rong kha nang mo phdng ctia cac mo hinh
dia hoa trong cac nghién ctru khac.
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