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Phan tich a&nh huwdng cua nhiét dd bao duwéng
dén cwong dd cua vira geopolymer tro bay
m TS.TRAN VIET HUNG

Trwong Pai hoc Giao thdong van tai
m TS. NGUYEN THI THU NGA

Trwong Bai hoc Cong nghé Giao théng van tai

TOM TAT: Geopolymer la mdt chat két dinh mai
c6 thé thay thé hoan toan xi mang trong bé téng.
Co6 rat nhiéu yéu t6 anh huwdng dén sy phat trién
cwong do cua chat két dinh geopolymer nhu thanh
phan cla cac nguyén liéu, ché dé va nhiét doé bao
dudng... Bai bdo trinh bay két qua phan tich dwa
trén cac nghién ctu thwc nghiém xac dinh sy anh
huwdng clia nhiét dé bao dudng dén cuwong d6 nén
cla vira geopolymer tro bay. Cac méu vita duwoc
chuadn bi trong phong thi nghiém va bao duéng
trong 16 sdy & cac nhiét do6 60°C, 80°C, 100°C
trong khoang thoi gian 12h. Sau khi da tudi 28
ngdy, cac mau vita dwgc thi nghiém xac dinh
cwong dé nén. Cudi cung, sir dung phan tich va so
sanh bang phan tich phuong sai moét nhan t6 va
phan tich hau dinh sai khac Tukey dé lam ré hon
anh huwdng clia nhiét dé bao dudng dén cuong do
nén cula loai vat liéu mé&i nay.

TU KHOA: Geopolymer, cuwdng dd, nhiét dd bao
dudng, anova, Tukey.

ABSTRACT: Geopolymer is a new binder that
can completely replace cement in concrete. Many
factors influence the strength development of
geopolymer binder, such as the composition of
materials, curing temperature. The paper presents
the analytical results based on experimental studies
to determine the influence of curing temperature
on the compressive strength of fly ash geopolymer
mortar. Mortar samples were prepared in the
laboratory and and cured dry in an oven at 60°C,
80°C, and 100°C for 12 hours. After reaching
the age of 28 days, the mortar samples were
tested to determine the compressive strength.
Finally, using analysis and comparison by one-
way ANOVA and Tukey's Honest Significance
Difference to clarify the effect of the curing
temperature on the compressive strength of this
new material.
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1. DPATVANDE

Geopolymer la loai chat két dinh polymer vo co, dugc
phét trién diu tién bdi nha khoa hoc nguoi Phap Joseph
Davidovits tr nhitng nam 1970. Qua trinh hinh thanh
geopolymer 1a do phan (tng héa hoc dién ra gitta cac oxit
nhém va oxit silic trong dung dich co tinh kiém manh dé
tao ra cAc mach c6 cau truc ba chiéu ran chic cha cac lien
két Si-O-Al [8], Phan ¢ng geopolymer héa dién ra duwdi ap
sudt khi quyén & nhiét do duwéi 1 oo°c [4],

Tro bay nhiét dién c6é thanh phan héa hoc rat giau
nhém va silic, phu hop dé tao ra chat két dinh geopolymer
str dung trong xay dwng do suw sdn cé, tinh kinh té va dic
diém vat chit ciia chang. Thanh phan héa hoc, hinh dang
va kich thwéc hat clha tro bay déu rat thich hop dé tao ra
geopolymer c6 dac tinh két dinh t6t [6],

Nghién ctru vé chat két dinh geopolymer tro bay duoc
phat trién bat ddu tr bao céo clia Wastiels tai hdi nghi quéc
t& v@ quan ly chat thai rdn nam 1993 tai Philadelphia [9],
Nghién clru vé bé tong geopolymer tro bay dugc khoi
xuwéng tr nam 2001 tai Bai hoc Cong nghé Curtin, Australia
[7] Bén nay, phan I&n cac nghién ctru 'ng dung trong xay
dung vé vat lieu geopolymer déu tap trung vao viéc st
dung nguyén liéu tw tro bay.

Ciing giéng nhu chét két dinh xi mang, geopolymer cé thé
dong clrng va dat dugc cwong do thich hgp & diéu kién nhiét
dd moi truong xung quanh.Tuy nhién, néu dugc bdo dudng &
nhiét do Ien hon thi qua trinh polymer héa xay ra nhanh hon va
geopolymer co thé dat dugc cudng dod yéu cau & tudi sém hon.

Bai bao trinh bay két qua nghién ctru thwc nghiém sy
anh huwéng cla nhiét dé bao dudng dén cwdng dd nén clia
cac mau vita geopolymer tro bay, tir d6 tién hanh phan tich
phuwong sai mét nhan t6 (One-Way Anova) va phan tich hau
dinh Tukey duwgc s dung dé danh gia sw anh huwdng cla
nhiét dd bao dudng cla 1o sdy khé trong khodng thoi gian
12h dén cwong do6 chiu nén cla vira geopolymer tro bay.

2. CONG TAC THI NGHIEM

2.1.Vat liéu va ty 1é thanh phan

21.1. Cat'

Céat vang strdung cho cac vita geopolymer c6 mé-dun
hat Mk = 2,6 va dap rng duwoc cac yéu ciu dé sir dung cho
vira theo Tiéu chudn Viét Nam TCVN 7572:2006 [11]. Thanh
phéan hat cla cat dugc xac dinh theo Hinh 2.1.
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Hinh 2.1: Thanh phan hat cta cat theo TCVN 7572:2006 [11]

2.1.2. Tro bay (FA)

Tro bay st dung trong thi nghiém c6 thanh phén héa
hoc duoc thé hién trong Bang 2.1. Pay la loai tro bay trong
duong voi tro bay nhom F theo Tiéu chudn ASTM C618-03 [2].

Bang 2.1. Thanh ph&n hoéa hoc cla tro bay strdung
trong nghién ctruj% theo khoi
SiOl AIZO3 Fe203 CaO MgO K20 NaO TiO2 so3 LOI*
54,42 2390 814 256 1,74 177 043 132 0,78 431

*LOI: lwgng mat khi nung

2.1.3. Dung dich kiém kich hoat

Dung dich kiém kich hoat Ia hén hop clia dung dich
kiEm manh (NaOH) va thay tinh 16ng (Na2Si03). Dung dich
kiém dugc diéu ché tir NaOH dang vay kho (d6 tinh khiét
98%) pha v&i nuwdc dé dat dugec nébng dé mol yéu cau. Thay
tinh léng Na2SiO3 c6 ty l1é Na20/SiO2/H20 twong Gng la
11,8/28,5/59,7% theo khoi lugng. Lwva chon pha trén dung
dich NaOH c6 néng d6 14 M, dung dich kiém kich hoat theo
ti 1é khéi lwvgng Na2SiO3/NaOH = 2,5 [7].

2.2. Ché tao mau thr

Ty I& kh6i lwgng AAS/FA (dung dich kiém kich hoat/tro
bay) dwoc chon la 0,45 d& dam bao hén hop c6 dwoc cudng
do t6t va dé thi céng.Thdng sb can xac dinh anh hwdng dén
cuwdng dod cla geopolymer & day la nhiét dé bao dudng.

Qua trinh nhao trdn va ché' bi mau thir dwgc tién hanh
theo TCVN 6016-2011 [10]. Ty lé khoi lvgng tro bay/cat =
1/3. Mau tht kiém tra tinh chét cda viva 1& mau hinh ling
tru kich thwéc 40'40'160 mm. Cac mau sau khi dic khuodn 3
ngay thi thdo khudn roi lvu & phong thi nghiém. Béi véi cac
mau c6 yéu cdu bao duwdng nhiét thi sau khi thao khuén sé
cho vao td sdy & nhiét do va thoi gian theo yéu cau, sau do
I&y mau ra lvu dén ngay thi nghiém.

Hinh 2.2: Mau vira geopolymer tro bay
va thinghiém xac dinh cuong dé nén
Thi nghiém nén céac vita dugc ti€n hanh theo TCVN
6016-2011 [10],

3. PHAN TiCH KET QUA THi NGHIEM

3.1. Banh gia s6 mau trong t6 mau
Cong tac lya chon s6 mau trong t6 mau rit quan trong,
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néu s6 mau qua it s& khdng danh gia dwoc chinh xac két
qua thi nghiém va nguoc lai, néu s6 mau quéa nhidu sé kéo
dai thoi gian thi nghiém dan dén két qua bi anh huéng béi
tu6i mau va kinh phi thyc hién tang 1én. Do dé, van dé then
chét trude khi nghién cru la phai wéc tinh cho dugc c& mau
vlra di cho muc tiéu cta nghién ctru. Néu mdt nghién ctu
khéng c6 mdt c& mau téi wu, y nghia cia cac k&t qua trong
thuc t&' (sw khac biét thuc su) co thé khong dugce phat hién.

C& méau "vira di" tuy thudc vao loai hinh nghién ctu
vao 3 thdng sb chinh:

(i) Phurong phéap thiét ké' nghién ctu va do lvong két
qua (outcome measure);

(ii) Hé s6 anh hudng (effect size);

(iii) Sai Iam ma nha nghién ctru chdp nhan, cu thé la sai
Iam loai | (a) va sai Iam loai Il (b hodc hiéu nang power = 1-h).

Hinh 3.1: Phan tich lua chon sémau cho 1 t&mau

Str dung phdn mém théng ké Minitab 19 danh gia so
mau voi tiéu chuln t-test, power = 0,75 (hé s p tinh toan
bang 1 - 0,75 = 0,25) va mic y nghia a = 0,05. Nhu vay, s6
méu trong 1 t8 mau chon 1a 4 (Hinh 3.1).

3.2. banh gia do chum

Trwéc hét, sau khi céd két qua thi nghiém cuong do
chiu nén ctia bé tong can ti€én hanh danh gia loai bd s6 liéu
ngoai lai theo ASTM E178 [5], danh gia dé chum theo ASTM
C670 [3] v&i gidi han chdp nhan dwoc quy dinh cla cac tiéu
chuén thi nghiém tuvong ¢ng.

Tiéu chudn Grubbs duoc str dung dé danh gia, loai bo
sO liéu ngoai lal clia cac két qua thi nghiém hay con goi
la Outlier test. KéEt qua cho thay khéng cé gia tri ngoai lai
trong tap két qua (Hinh 3.2).

Outlier Plot of Rn vs Nhiét do

Grubbs Test
Nhgtdd  Min Ml G p
28 2901 2048 127 0612
60 3835 4031 146 0119
80 275 4545 132 048
Ico 5022 5124 129 056

Nhiét do

Hinh 3.2: Biéu d6 loai bo séliéu ngoailai



P6 chum la mic dd gan nhau gita cac két qua thr
nghiém dac 1ap nhan duwoc trong diéu kién quy dinh. Po
chum thé hién chét lvgng céng tac thi nghiém, dam bao
co s& khoa hoc dé phan tich dua ra nhitng két luéan trong
pham vi nghién cttu clia bai b4o. B6i véi mbi tiéu chuén thi
nghiém déu quy dinh d6 chum twong (rng. Céac tiéu chuén
Viét Nam hién hanh chwa cé chuin danh gia dé chum nén
str dung céac tiéu chudn AASHTO va ASTM. Vi du véi thi
nghiém xac dinh cuong d6é chiu nén cta vira ASTM 009
[1] thi hé s6 bién sai Cv trong phong thi nghiém la 2,1%.
Theo ASTM C670 [3], d6 léch t3i da gia tri max va min véi té
mau c6 4 mau sé 1a 3,6 Cv. Bang 3.1 1a két qua danh gia dd
chum clia cwdng dd chiu nén ctia bé tdng geopolymer & 28
ngay tudi, tay thudc vao diéu kién bao duéng & cac nhiét
do khac nhau hay diéu kién phong thi nghiém. Két qua cho
thdy cac t6 hop déu dam bao dd chum theo quy dinh.

Bang 3.1. Banh gia dé chum cua k&t qua thinghiém cudng do
chiu nén cua vita & 28 ngay sau 12h say

Nhiét dé sdy mau, °C

60 80 100 28 (PTN)
38,35 4545 50,68 29,29
38,83 44,55 50,99 29,24

TT Chi tiéu Mau

Cuong do6 chiu nén cla
vira Geopolymer tro bay &
tudi 28 sau 12h sdy & cac
nhiét do khac nhau, MPa

38,36 42,75 51,24 29,47
40,31 44,17 50,219 29,01
TB 38,52 44,25 50,97 29,34

A W N =

Khoang chénh Iléch R:

2 max-min MPa 1,96 2,70 1,02 0,47
3 Hé sb bién sai cho phép Cv o 2,1 2,1 2,1 2,1
Khoang chdp nhan cho
4 phép so véi gia tri trung % 7,56 7,56 7,56 7,56
binh: 3.6xCv
Gia tri do léch cho phép MPa 2,91 3,35 3,85 2,22
6 BDanh gia: So sanh (2) va (5) - DPat Dat Pat bat

SO lidu két qua cwdrng dd chiu nén cting dam bao phan
phéi chudn nhu trong Hinh 3.3.

Hinh 3.3: Bi€éu d6 phan phdi chudn cla cwong do nén
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3.3. Kiém dinh phuwong sai mdt nhan to

Xét bién ngau nhién X tuan theo quy luat phan phéi
chuén N(p, 02) va mét nhan t6 F tac dong lén X c6 p mic
khac nhau. Nhu vay, tvong (tng méi mic nhan td i ta cé
bién ngiu nhién Xi va chang ciing tuan theo quy luat phan
phdi chuadn N(pi, 0,2). Néu tién hanh quan sat Xi bang céach
ldy mdt mau ngau nhién kich thwéc ni:

W = (Xti, x2i, X3..... Xk......xni) (i=1-P), khi do:

Xk = n + a. + Uk v&i k = 14-ni

Trong do: a. dac treng cho sw khac biét vé gia tri trung
binh p cha bién ngiu nhién X dudi tdc ddng cda nhan té
F & mtc i va Uk la sai s6 ngau nhién gia thiét la doc lap véi
nhau, cing tuan theo quy luat phan phdi chuidn N(p, 0.2)
véi m6 hinh (2) dwoc goi la mé hinh phan tich phuwong sai
mot nhan t6. BE tién hanh phan tich phuong sai ta xét cap
gia thuyét sau day:

H,: (T6n tai it nhdt mot cap i > i'sao cho pi * pi')

Phuvong phap phan tich phuwong sai vé co ban dua
trén co s& tinh toan va phan tich mét sé dic trung mau TSS
(Total sum of squares), MSS va RSS.

Bang 3.2. Lap bang tinh cac dac trung

n=EnN=21;T="Xft "M7=652,946°; E —] =27638'592

Tinh Qi:

ma TSS = MSS + RSS ® RSS = 7.048

MSS/(p-l) 999,485/(4-1)

I i thuvdtr= -
Kiém d nh gia thuyetF=¢ . {nopy o03.a37(163) ~263:245

49



KHOA HOC CONG NGHE

S6 07/2021

Chon mirc y nghia a = 0,05 (dd tin cay 95%, confidence
interval Cl = 95%), tra bang ta dwogc f005(3,12) = 3,49 — F >
f0.0S_¥ . IFGWa

Vay ta bac bd gia thuyét vé sy bang nhau clia céc gia
tri cwdng dd trung binh clia vita geopolymer tro bay & cac
nhiét dé say khac nhau. Néi cach khac, cuong dbé chiu nén
cla vira sé khac nhau va cé y nghia néu nhiét do khac nhau.

Xét mirc do tac dong clia nhiét ddé dén cwdng dod chiu
nén cutia vita Geopholymer tro bay thong qua hé sé R2

R2 =0,9929
TSS

Hé s6 xac dinh cla mo hinh rét cao, cang giai thich
duwoc mirc dd bién déng khi thay d6i nhiét dd sdy mau, cé
nghia nhiét dd6 anh huwdng téi 99,29% dén sy bién dong
clia cuong dd chiu nén cla vira, hay néi cach khac 99,29%
s khac biét vé cutrng do vGi cac nhiét do khac nhau dugc
giai thich bai do khi nhiét d6 bao duéng tang lén, s& day
nhanh qua trinh polyme héa cac khoang vo co, lam hén
hop dugc phat trién cwdng dé nhanh. Nhiét doé bao dwéng
cang cao thi cwrng dd nén clia cac mau vira thu duoc cang
I&n. Sir dung phan mém Minitabl 9 ta c6 két qua nhw Bang
3.3, két qua thu duoc tuvong tu véi cac hé sé R-sq = 99,29%,
F value = 563,3.

Bang 3.3. One-way Anova cho RniB
Factor Information
Levels Values

Nhiét dé 4

Factor
28, 60, 80, 100

Analysis of Variance

Source DF AdjSS Adj MS F-Value P-Value
Nhiét dé 3 992,438 330,813 563,3 0
Error 12 7,047 0,587
Total 15 999,485
Model Summary
S R-sq  R-sqg(adj) R-sq(pred)
0,76634 99,29% 99,12% 98,75%

3.4. Phan tich hau dinh phat hién sai khac theo
chuén Tukey

Chuédn Tukey dugc sir dung ph8 bién cho viéc giai
thich rd sw khac biét gitra cAc nhém, duoc s dung véi bang
phan phéi Studentizze. Phuong phapTukey hiéu qua hon
so v@i Bonfeerionni khi s6 lvgng cac cap trung binh can so
sdnh kha nhiéu. Trong pham vi nghién cttu nay, c6 4 nhém
can danh gia su sai khac gilra chung, phan tich hau dinh
theo chuén Tukey duoc sir dung, cé két qua trong Bang 3.4
va Hinh 3.4.

Bang 3.4. Phan nhém théng tin bang phuong phap Tukey

v&i dd tin cay 95%

Factor N Mean Grouping
Rn+100°C 4 50,784 A

Rn +80°C 4 44,232 B

Rn +60°C 4 38,965 c

Rn +28°c 4 29,2553 D
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Tukey Simultaneous 95% Cls
Difference of Means for Rn +60 do ¢, Rn +80 d C,...

Rn +8000C- Rn +60d0C

Rn +100 do c- Rn +60dd ¢

Rn +28 d6 c - Rn +60d6C

RN+100 do ¢ - RN+80 do ¢

RN+28 d6 c - Rn+80 dd c

Rn +28d0 ¢ - Rn +100 do ¢

Ifan interval does not contain zero, the means are significar

Hinh 3.4: D6 thi biéu dién cac so sanh theo cap tir HSD clia Tukey

Interval Plot of Rn +60 d6 ¢, Rn +80 db c, ...
95% ClI for the Mean

The pooled standard deviation is used to calculate the intervals.
Hinh 3.5: Bi€u d6 biéu thi cwong do & cac nhiét do say

Khi dat tat ca cac kiém dinh sai khac trung binh gitra
cac cap v&i nhau, két qua duoc thé hién nhuw trén Hinh 3.5.
Piéu nay dién giadi mot cach tdng thé vé két qua phan tich
hau dinh (HSD) cutia Tukey, cho thay su sai khac ro rét gitra
cac nhém va sy khéng khac biét. Cac khodng chénh gilra
cac cap c6 thé nhd hon hodc I6n hon 0 déu ndm léch vé
hai phia so véi dwong c6 gia tri bang 0, dién ta su khac biét
gitta hai nhém so sanh. Tuy nhién, bat ky khoang tin cay
nao chira "0"déu cung cap bing chitng khéng cé sw khac
biét trong cac nhém.

Hon nita, trong Bang 3.4 c6t phan nhém véi cac chiv
cai A, B, c, D cho thay cac nhdm khéng c6 chra cung mot
nhom, déu dugc tach biéttheo cac nhém riéng, chirng té co
s khac biét rat rd rang vé cudng dd nén cla vira & nhitng
nhiét dd khac nhau. Trong biéu dé Hinh 3.5, v&i dé tin cay
95%, thé hién khoang dao déng clia Rn twong trng v&i nhiét
dd sdy khac nhau. Mirc d6 dao ddng trong cac nhém kha
doéng déu, khéng co sw bién ddi khac la nao, khoang chénh
léch gan nhw nhau so v&i diém gilta - trung binh cla ba
mau. Boéng thei, Hinh 3.5 con cho thady cwong dé cha vira
dat t6t nhat & nhiét do say la 1 oo°c.

4. KET LUAN

Nhuw vay, bdng phan tich phuvong sai mdt nhan t6 va
phan tich hau dinh kiém dinh su sai khac bing Tukey da
cho thdy mot bikc tranh day du vé anh hudng cla nhiét
dd bdo dudng trong 12h dén cuong db chiu nén cda vira



geopolymer tro bay & tubi 28 ngay nhuw thé nao. Khi nhiét
dd bao duwdng cang cao thi cwdng dé nén ctia cdc mau vira
geopolymer thu dugc cang lon.
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