BAI BAO KHOA HOC

PANH GIA HOAT TINH CUA TRO BAY THEO PHUONG PHAP
TRUC TIEP VA GIAN TIEP

Nguyén Vin Huéng'

Tém tat: Tinh chdt héa hoc va vit Iy ciia tro bay phu thudc vao nguon goc cia than dd ciing nhie
cong nghé dot ciia nha mdy nhiét dién. Do vdy, viéc danh gid tinh chdt héa hoc, thanh phan
khodng, tinh chdt vdt Iy va d¢ hoat tinh ciia tro bay la can thiét. Trong nghién ciru nay, danh gid do
hoat tinh ciia tro bay theo hai phwong phdp (phwong phdp truc tiép va phiwong phdp gian tiép) da
dwoc thiee hién ciing nhuw xem xét moi lién hé giita két qua cia hai phwong phdp. Phwong phdp trec
tiép la xdc dinh leong canxi hydroxit phan ieng véi tro bay bang thiét bi phan tich nhiét trong hrong
va phirong phdp gian tiép la xdc dinh chi sé hoat tinh cwong dg nén. Két qua dat dweoc cho thdy:
cdc chi tiéu thi nghiém ciia tro bay nghién ciru théa man yéu cau la logi phy gia khodng hoat tinh
theo TCVN 10302:2014; dong thoi két qua ciia phirong phdp truc tiép la co s¢ dé gidi thich hiéu
qud ciia tro bay trong phdt trién cwong dé nén theo phwong phdp gian tiép théng qua hiéu irng

puzolanic.

Tir khoa: Tro bay, phu gia khoang, puzolanic, nhiét trong luong, bé tong.

1. PAT VAN PE

Tro bay la bui khi thdi min sinh ra do qua
trinh dbt chay nhién liéu than d4 trong cac nha
may nhiét di€n. Tro bay duoc thu gom tur bui
thai qua 6ng khoi nha may bang bo lang tinh
dién hodc tai loc, n6 c6 thé tai st dung hodc thai
b6. Duéi dang d6 déng tro bay nhin gidng nhu
xi ming, tuy nhién chung khac nhau vé thanh
phén héa hoc. Tuy theo ngudn gdc than d4, cong
nghé d6t va muc dich str dung ma tro bay cé thé
str dung truc tiép chua tuyén hodc da qua cong
nghé xir 1y tuyén kho hodc tuyén uét dé loai bot
thanh phan khong mong mudn, nham nang cao
thanh phan va chat luong hitu ich trong sir dung.

Theo TCVN 10302:2014 (Hoi cong nghié¢p
bé tong Viét Nam, 2014), tuy thudc vao chi tiéu
chét luong, tro bay ¢6 thé duoc xac dinh 14 loai
phu gia khoang hoat tinh dung cho bé tong, vira
x4y va xi mang; ciing theo tiéu chuan nay, tro
bay dugc phan thanh hai loai 1a tro bay loai F
(tro axit - acid ash) va tro bay loai C (tro bazo -
base ash). Ngoai ra, néu tro bay dung cho bé

" Trung tam Nghién ciu Tai nguyén nucc, Truong Dai
hoc Bach Khoa — Dai hoc Pa Nang

tong dam lan thi tinh chat ctia né phai phu hop
véi TCVN 8825:2011 (Hoi Coéng nghiép Bé
tong Vi¢t Nam, 2011). Khéc véi tro bay loai C
c6 ham lugng CaO cao nén ngoai thudc tinh
puzolanic nd con c6 thudc tinh xi mang, con dbi
v6i tro bay loai F do ¢6 ham luong CaO thip
nén nd ¢ thude tinh puzolanic 1a chu yéu, do dé
viéc danh gia d0 hoat tinh puzolanic (pozzolanic
reactivity) 14 can thiét doi vdi tro bay loai F dé
c6 thé s dung hiéu qua cua tro bay loai nay
dung cho bé tong (Das, S. K, 2006).

bac tinh quan trong cua tro bay loai F 1a kha
nang tac dung vdi Ca(OH), theo phan ung
puzolanic (2510, + 3Ca(OH), — 3CaO. 2Si0,.
3H,0) tao thanh canxi silicat hydrate tha cap
(C—S-H: 3Ca0.2S10,.3H,0). Do do, khi thay
thé mot phan xi ming bang tro bay trong bé
tong s& dan dén sy gia ting cuong do sau cung
(Isaia, G. C. et al, 2003); giam do rong va ting
do6 bén cua bé tong (Leklou, N. et al, 2017);
ngoai ra, né ciing mang lai cac hiéu qua dang ké
khac nhu tang tinh cong tac, giam tach nudc,
phén ting va giam nhiét hydrat héa ciia hén hop
bé bong tuoi (Sarker, P. & McKenzie, L, 2009).

D0 hoat tinh puzolanic cua tro bay phu thuoc
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vao loai va lugng cua pha vo6 dinh hinh
(amorphous phases), d min va luong mat khi
nung. Cac nghién ctru cia (Dhir, R. K. et al,
1981) va (Joshi, R. C & Lohita, R. P, 1997) da
xdy dung mdi quan hé gitta cuong do nén méu
vira va bé tong ciia hdn hop chat két dinh xi
ming — tro bay véi thanh phan héa hoc va do
min cua tro bay, két qua nghién ctru ctia ho chi
ra rang: cac tinh chat vé luong mat khi nung, do
min va lugng cua pha v6 dinh hinh c6 anh
huong dén cuong d6 nén tuy nhién da khong chi
ra duoc mdi quan hé 1 rang nao giita cudng do
nén voi mot trong ba tinh chét néu trén.

Hién nay, c6 nhiéu phuong phap dé danh gia
do hoat tinh ctua vat li¢u puzolan (tro bay, mé-
ta-cao-lanh, mudi silic, tro tréu) da duoc dé xuat
va c6 thé phan thanh hai nhém 13 nhém phuong
phép thuc tiép va nhom phuong phép gian tiép.
Phuong phap truc tiép 1a xac dinh qua trinh kha
nang phan ung cua vat ligu puzolan véi
Ca(OH), thong qua céc thiét bi thi nghiém nhu
nhiéu xa tia X (X-ray diffraction: XRD), phan
tich nhiét trong luong (thermo-gravimetric
analysis: TGA) hay chuan d6 héa hoc (chemical
titration). Phuong phap gian tiép 1a xac dinh dic
tinh vat Iy ciia mau thir nhu cuong do nén, do
dan dién hay xac dinh sy phat trién nhiét bang
thiét bj do nhiét luong (calorimetry) sinh ra.

Trong bai béo nay, tic gia phan tich thanh
phan héa hoc cia tro bay bang phuong phap
nhiéu xa tia X, sau d6 danh gia do hoat tinh cta
tro bay theo phuong phép phan tich nhiét trong
lrong va phuong phap xac dinh cuong dd nén

ciia mau. Két qua dat duoc cho thay: cac chi tiéu
thi nghi¢ém cua tro bay nghién ctru théa man yéu
cau 1a loai phu gia hoat tinh theo TCVN
10302:2014; dong thoi két qua cua phwong phap
truc tiép 14 co so dé giai thich hiéu qua cua tro
bay trong phat trién cudng do nén theo phuwong
phép gian tiép thong qua hiéu tng puzolanic.

2. NGHIEN CUU THU'C NGHIEM

2.1 Vitli¢u thi nghiém

- Tro bay: nghién ctru dung loai tro bay lay
truc tiép chua tuyén ¢ mot nha may nhiét dién &
mién Trung duoc cung cap boi Cong ty C6 phan
Xuat nhap khau Vat lidu xanh c6 d6 am 2.8% va
thanh phan hoa hoc cua tro bay nhu ¢ Bang 1.
Cac chi tiéu & Bang 1 cho thiy loai tro bay
nghién ctru phu hgp véi tro bay hoat tinh loai F
dung cho bé tong, vita xdy va xi mang theo
TCVN 10302:2014.

- Xi mang: xi mang dung thi nghiém la loai
xi mang Poocling PC40 phu hop v61 TCVN
2682:2009 (Vién Vat li¢u xay dung, 2009) va
ISO 9001-2008.

- Canxi hydroxit Ca(OH),: dang bdt min mau
traing v6i ham luong Ca(OH), 98% duogc dung
dé ché bi mau ho tro bay — voi dé xac dinh do
hoat tinh theo phuwong phap nhi¢t trong luong.

- Cat: 1a loai cat tiéu chuan Beltech dung dé
thur nghiém xac dinh cuong do cua ximang, loai
cat nay phu hgp theo TCVN 6227:1996 (Vién
Vat li¢u xay dung, 1996) va ISO 679.

- Nuéde: Nude dung dé bao dudng mau, tron
vita va hd phu hop véi TCVN 4506: 2012 (Vién
Khoa hoc Cong ngh¢ Xay dung, 2012).

Bang 1. Thanh phin héa hoc ciia tro bay

Thanh phén Si0,; | ALO;s | Fe,0;

SO;

Na,O | KO ClI'T | CaOy | LOI

% theo khdi lwong | 56.3 | 22.62 | 591

0.49

0.15 | 0.19 | 0.007 0.0 2.94

2.2 Thiét bi thi nghiém

Nghién ctru d sir dung céc thiét bi gdm: may
nhiéu xa tia X, may phan tich nhiét trong luong
va cac thiét bi xac dinh cudng dd nén mau vira.

- May nhiéu xa tia X (X-ray diffraction:
XRD): thanh phan khoang cia tro bay duoc xac
dinh bang nhidu xa tia X loai Rigaku SmartLab,
diéu khién thyc hién thi nghiém véi bic xa

CuKa, cuong do dong dién 30 mA, hi¢u dién
thé 40 kV va goc nhiéu xa 20 = 10° — 70° (budc
0.01°).

- May phan tich nhi¢t trong luong (thermo-
gravimetric analysis: TGA): thiét bj TGA loai
PerkinElmer STA 6000, phan tich mau dugc
thue hién trong méi truong khi ni to, tbe do gia
tang nhiét do 5°C/ phut tir 25°C dén 600°C.
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- Céc thiét bi xac dinh cuong do mau vira
gdm: may tron vira dung tich 5 lit, khuén duc
vira (4x4x16)cm, may xac dinh cuong d§ nén va
udn vira loai Matest E160-01D phu hop véi
TCVN 3121:2003 (Vign Khoa hoc Cong nghé
Xay dung, 2003).

2.3 Chuong trinh thi nghiém

Pé danh gia d6 hoat tinh cia tro bay theo
thot gian (3 ngay, 7 ngay, 14 ngay va 28 ngay),
nghién ciru ndy di tién hanh theo ci phuong
phép truc tiép va gian tiép:

- Phwong phdp truc tiép: dua trén nguyén
tic giam khéi lwong cuia mau (ghi nhan duoc
do may phan tich nhi¢t trong Iluong
PerkinElmer STA 6000) do Ca(OH), chua
phan Umg phan huy trong khoang nhiét d¢ tur
400°C + 500°C thanh CaO va H,O (bbc hoi),
tir d6 xac dinh chi sd hoat tinh I tinh bang
phan trim cua ty sd cua luong voi dd phan
g v6i tro bay so voi lwrong voi ban dau. Mau
hd tro bay — voi duoc tao thanh véi ty 1¢ giira
(tro bay: voi) 1a 1:1 va ty 1& nudc trén tong
lugng tro bay va voi la 0.55 (Pourkhorshidi,
A. R. et al, 2010). Mau hd duogc cho vao bén
binh nhya dung tich 15 ml c6 nip day dé ngin
trao d6i 4m va qué trinh cacbonat hod, binh
dung mau dit trong phong thi nghiém c6 nhiét
d6 (27 £ 1)°C.

Bang 2. Cip phdi miu ho tro bay — véi xic
dinh d¢ hoat tinh I, don vi (g)

Ca(OH)z
138.97

Nuédce
139.9

Tro bay
140.0

- Phwong phdp gidn tiép: xic dinh chi sd
hoat tinh cuong do (Ir) véi xi mang poodc lang
sau n ngay theo TCVN 6882 : 2001 (Vién
Khoa hoc Coéng nghé Vat liéu xay dung,
2001). I tinh bang phan trim cua ty s giira
d6 bén nén ciia mau xi ming podc ling pha
20% tro bay sau n ngay (Rg) va do bén nén
cia mau xi mang poodc ling nén (khong pha
phu gia) sau n ngay (Ra). V& co ban cach xéc
dinh chi sd hoat tinh cudng d6 cua tro bay
theo TCVN 6882 : 2001 la twong dong véi
tiéu chuan ASTM C618 (Standard, 2008).

Bang 3. Cip phdi miu vira xac dinh chi s6
hoat tinh cwong d¢ Ig, don vi (g)

Mau Xi Tro Cat | Nuéc
ming | bay
A(0 % tro) 450 0 1350 | 225
B(20% tro) 360 90 1350 | 225

3. KET QUA VA NHAN XET

Két qua phan tich thanh phan khoang cua tro
bay bang nhiéu xa tia X duoc biéu dién nhu &
Hinh 1. Két qua thu duoc cho thdy: tro bay
nghién ctu chira cac thanh phan chu yéu gom
silica (quart: Si0;), mullite (AlgS1,0;3) va mot
lwrong nho hematite va canxi 6xit. Pho nhifu xa
thé hién cc dinh cao nhit tai 20 = 20° + 30"
dugc xac dinh bdi cac khodng v6 dinh hinh
silica chiém chu yéu va mullite.

830

Q
730 Q: Quart
- M: mullite
E__ H: Hematite
g 330 C: Calcium Oxide
&
%350
=] M
= Q Mo
130 M 5 M A
M M Q
G e ) o ap Mo M Q
1) [ " ST —--— A - .
10 13 20 25 30 35 40 43 30 35 60 65 0
2 theta (%)

Hinh 1. Két qud phé nhiéu xa tia X ciia tro bay

Két qua phan tich nhiét trong luong duogc
thé hién duéi dang thay d6i khéi lwong TG
(giam khéi luong) va téc do thay dbi khoi
lugng (derivative thermogravimetric: dm/dt)
ctia cac mau hd tro bay — voi ¢ cac thoi diém
phan tich 3 ngay, 7 ngay, 14 ngay va 28 ngay
bang thiét bi PerkinElmer STA 6000 duoc
trinh bay nhu ¢ Hinh 2.
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Hinh 2. Két qua phdn tich nhiét trong hrong
ciia mau hé tro bay — véi & cdc thoi diém
phan tich 3, 7, 14 va 28 ngay

Theo (Askarinejad, A. et al, 2012) phan ung
puzolanic gitta cac thanh phan cua tro bay nhu
silica, alumina va oxit sit voi Ca(OH), tao thanh
cac gel C-S-H (calcium silicate hydrate), C-A-H
(calcium aluminate hydrate) theo phan ung:

Tro bay + Ca(OH), —» C-S-H + C-A-H +

(Askarinejad, A. et al, 2012)

Do vay, lugng Ca(OH), phan g tai cac thoi
diém phan tich 1a thong s6 thé hién do hoat tinh
clia tro bay hay céc loai vét liéu puzolan khac. Két
qua & Hinh 2 cho thay: cac duong biéu dién TG
thé hién mot sy giam khdi lwrong nhanh trong
khoang nhiét do tir 400°C+500°C va cac duong
DTG déu xuét hién cac ddy siu tai nhiét do
khoang 450°C, két qua nay 1 do su phan hiy cia
Ca(OH), thanh CaO va H,O (bdc hoi lam giam
khoi lrong mau). Két qua ciing chi ra luong voi
con du (chwa phéan Gng véi tro bay) giam dan theo
cac thoi diém phan tich tir 3 ngay dén 28 ngay. Tir
két qua phan tich boi thiét bi PerkinElmer STA
6000 nhu & Hinh 2, cdp phdi méu tro bay — voi &
Bang 2, khéi Irong mau thi nghiém ban dau (khdi
lwgng mau & 25°C & Bang 4) va phuong trinh
phan hiy voi (Ca(OH), — CaO + H,0OT) thi
lwong vo1 phan tmg (hay do hoat tinh) duogc xéac
dinh nhu ¢ Bang 4 va biéu dién nhu ¢ Hinh 3.

Bang 4. Két qua tinh toan dd hoat tinh ciia tro bay theo phwong phap nhiét trong lwong

Thei Khéi lwgng (mg) Lwgng
N H

gian | Miu Tai Tai 4A(;3 Ca(OH), | Ca(OH), C;‘f&f‘nz ;haél?&zzg

3 25° 400° ° ) ban da

(ngay) | (25°0) 00°C 500°C 500°C dw an dau ime 1.(%)
3 27.850 | 214413 | 212489 | 1.924 7.913 8.893 0.98 11.02
7 23.203 | 213.720 | 212.266 | 1.454 5.980 7.409 1.429 19.29
14 20.721 | 206.519 | 205.423 | 1.096 4.508 6.617 2.109 31.88
28 23.415 | 205.887 | 204.830 | 1.057 4.347 7.477 3.130 41.86

Két qua xac dinh cudng d6 nén vira ciia mau
nén (A), mau thay 20% xi mang podc ling bang
tro bay (B) va chi sb hoat tinh I theo cudng do
nén cua loai tro bay nghién ctru & cac thoi diém
3, 7, 14 va 28 ngay nhu & Bang 5 va biéu dién
dudi dang biéu d6 nhu & Hinh 4. Két qua cho
thay ¢ thoi diém 3 ngdy mau cé tro bay chi dat
cudng d6 nén bang 77.4% so v6i cuong do cua
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mau nén; tuy nhién, sau 3 ngay thi téc do phat
trién cuong do ciia ndé nhanh hon (do dé chi sb
hoat tinh cudng d6 ting dan) diéu nay duoc
minh ching bang d6 déc cua duong qua trinh
phét trién cuong do nén theo thoi gian ciia Ry
16n hon R, nhu & Hinh 4; & thoi diém hai 28
ngay, chi sb hoat tinh cuong do cua tro bay
nghién ctru dat 98.11%, do vay nd théa man
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yéu cau ky thuat 1a tro bay hoat tinh loai F
dung cho xi mang.
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Hinh 3. Két qua xdc dinh lwong Ca(OH),
phadn vmg & cdc thoi diém phan tich 3, 7, 14
va 28 ngay

Bing 5. Két qua tinh toan chi s6 hoat tinh
cwong do Ir

Thoi gian Ra Rg Ir(%)
(ngay) | (MPa) | (MPa)

3 27.87 21.57 77.40

7 33.59 29.96 89.19

14 37.76 35.50 94.01

28 44.95 44.10 98.11

30 1 100

Y s
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LN Ln
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Hinh 4. Qud trinh phdt trién cwong do va chi sé
hoat tinh cuwong do Ir

Ngoai ra, tic gia di thé hién twong quan giira
phat trién cuong d6 va lugng Ca(OH), phan Gng
dé xem xét hiéu qua cua phan @ng puzolanic (46
hoat tinh cua tro bay thong qua tic dung voi
voi) dén su phat trién cudong do nén cua mau
vira chtra tro bay nhu ¢ Hinh 5.

Ig=152.03 *ILIZI.IT
E2=90204
o

Lwong Ca(OH); phan vng I (%)
Hinh 5. Twong quan giita phdt trién cwong do Ix
va lwong Ca(OH); phan ung I,

Két qua & Hinh 5 cho thay khi luong voi
phan tng (I.) cang ting thi chi sd hoat tinh
cuong do (Ir) cling tang theo va quan h¢ gitra
hai dai Iwong nay duoc biéu dién bang ham liy
thira (Izg=52.03*I.>'7). Két qua nay 1a phu hop
bai vi khi lugng Ca(OH), phan tng cang tang
ddng nghia voi luong phan tng puzolanic xay
ra cang nhiéu do d6 cac gen C-S-H thir cap sinh
ra cang nhiéu s& gop phan cai thién cuong do
ciia mau chira tro bay dan dén chi s hoat tinh
cuong do cling tang theo thoi gian.

4. KETLUAN

Tur cac két qua thi nghiém xéac dinh luong voi
phan Gng vo1 tro bay theo phuong phap phan
tich nhiét trong lwong va xac dinh chi sé hoat
tinh cudng d6 dbi v6i xi mang. Nghién ciru nay
dua ra mot sb két luan nhu sau:

- Lugng Ca(OH), phan tmg trong mau tro
bay - voi theo thdi gian duoc xac dinh bang
phuong phap nhiét trong luwong (thermo
gravimetric analysis) dugc xem 13 thong sé quan
trong dé xac dinh d6 hoat tinh cua tro bay noi
riéng va cac loai vat liéu puzolanic khac néi
chung thong qua hi¢u Ung puzolanic
(pozzolanic effect). Thong s6 nay anh hudng
truc tiép dén viéc hinh thanh cic gen C-S-H va
C-A-H thtr cdp anh hudng quan trong dén su
phat trién cuong do va do dac cua vat ligu su
dung hdn hop chét két dinh xi mang — tro bay;

- Két qua phan tich d6 hoat tich cia tro bay
nghién ctru theo phwong phap truc tiép va gian
tiép chi ra mdi twong quan gitra phan trim luong
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vOi phan tng véi tro bay (IL) va chi sé hoat tinh
cuong d6 ddi voi xi mang (Ig) theo ham liy
thira (Iz=52.03*I."!7);

- Céc chi tiéu thi nghiém duoc dbi voi loai
tro bay nghién ctru lay truc tiép tir nha may
nhiét dién khong qua tuyén déu thoa man 1a loai
phu gia khoang hoat tinh tro bay loai F dung

cho bé tong, vira xay va xi mang theo TCVN
10302:2014.

Loi cam on: "Nghién cuu nay dwoc tai tro
béi Quy Phat trién Khoa hoc va Cong nghé
Pai hoc Pa Ndng trong dé tai ma s6 B2017-
DNO2-26"
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Abstract:
EVALUATION OF POZZOLANIC ACTIVITY OF FLY ASHBY DIRECT AND
INDIRECT METHODS

Physical and chemical characteristics of fly ash depend on the origin of the coal as well as its
combustion technology in the power plant. Thus, chemical, mineralogical, physical and activity
characterizations of the fly ash were considered to evaluate. In this research, two test methods
(direct method and indirect method) have been used to assess the pozzolanic activity of fly ash, and
the results from each test is correlated with each other. The direct method was the
thermogravimetric analysis test by measuring reacted calcium hydroxide content and the indirect
method used was the compressive strength activity index test. The obtained results showed that,
experimental criterias of the fly ash studied conforming to the requirements of activity mineral
admixture - fly ash for concrete, mortar and cement according to standard TCVN 10302: 2014,
Contemporaneously, results of the direct method are the basis for explaining the effect of fly ash in
the development compressive strength by indirect method through the puzzolanic effect.

Keywords: Fly ash, Mineral admixture, Pozzolanic, Thermogravimetric analysis, Concrete.
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