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NGHIEN CUU ANH HUONG CUA DUNG DICH KIEM HOAT HOA
VA NHIET PO BAO DUONG PEN CUONG PQ VUA GEOPOLYMER

Nguyén Quang Phi
Truong Pai hoc Thuy loi

Tém tit: Bai bdo trinh bdy két qud nghién civu vé anh hwéng ciia nong do dung dich kiem NaOH
twong iing la 10M, 12M, 14M va 16M va ty Ié ciia dung dich chat kich hoat (NaOH va Na2SiO3)
voi tro bay (FA): DDIFA = 0,35; 0,40 va 0,45 dén curong dé ciia vita geopolymer. Cdc mau vita
Geopolymer bao dwong nhiét ¢ cdc nhiét do khdc nhau ciing dwoc nghién cuu. Thong qua cdc
két qua thi nghiém lwa chon dwoc ty I¢é 16i wu ciia DD/FA=0,4 dat dwoc cuong do nén cua vira
GPM ¢ 28 ngay tudi la I6n nhat, théa man cdc yéu cau ky thudt cia viia GPM thiét ké.

Tir khéa: Vita Geopolymer; dung dich kiém hoat héa; tro bay; nhiéz dé bao dirong.

Summary: This paper presents the research results on the effect of the concentration of NaOH
alkaline solution of 10M, 12M, 14M and 16M respectively and the ratio of the alkaline-activated
solution (NaOH and Na»SiOs) to fly ash (FA): DD/FA = 0.35; 0.40 and 0.45 to the strength of
geopolymer mortar. Geopolymer mortar samples curing at different temperatures were also
studied. Through the experimental results, the optimal ratio of DD/FA = 0.4 was selected,
achieving the maximum compressive strength of GPM mortar at 28 days of age, satisfying the

technical requirements of the designed GPM mortar.
Key words: Geopolymer mortar; alkaline-activated solution; fly ash; curing temperature.

1. PAT VAN DE

Hién nay chat két dinh kiém hoat hoa da va
dang dugc nghién ctu, dan timg budc ung
dung vao thuc té xay dung, dé 1a vat lidu
Geopolymer. Vat liéu Geopolymer (GPM)
dugc hinh thanh do qua trinh hoat héa gitra vat
liéu Alumino-silicate trong mdi truong dung
dich chira kiém. Trong d6 vat liéu Alumino-
silicate chtra cdc thanh phan hoat tinh
(SiO2YPH va Al,03) c6 trong phu gia khoang
(tro bay, xi 16 cao nghién min, tro triu...). Qua
trinh phan ¢mg trong moi truong kiém hoat hoa
s& tao cac chudi -Si-O-Al lam cho vat liéu co
cuong d va bén viing theo thoi gian. Chat két
dinh kiém hoat hoa d6 sir dung dung dich kiém
hoat hda gom dung dich xut (NaOH) va dung
dich thuy tinh long (NazSiOs), két hop sir dung
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phu gia khoang hoat tinh véi mot so hoa chat
thong thuong khéc [3].

Barbosa [2], Joseph Davidovits [3] dd nghién
ctru va phat trién vat liéu polyme vo co va khai
niém “vat liéu Geopolymer” da dugc hinh
thanh. Vat liéu GPM st dung chat két dinh
kiém hoat hoa duogc dua vao ung dung thay thé
cho chét két dinh (CKD) xi ming podc ling
truyén thong vi GPM c6 nhiing tinh nang vuot
tro1 so voi CKD xi mang nhu bén axit, bén
sunfat, khang nirt t6t, d co ngot thap, phat trién
cuong do som... Dé hinh thanh chét két dinh
kiém hoat hoa, thi phu gia khoang tro bay hoic
xi 10 cao can dugc hoat héa bfmg dung dich
kiém natri hydroxyt (NaOH) dé tao ra cac lién
két Si-O-Al cao phan tir gan két rat tot trong
cAu tric GPM. Natri silicat (Na2SiOs) 1a dé ting
cuong sy hinh thanh céc tién chat geopolymer
hodc qua trinh trung hop.

Bai bao trinh bay két qua nghién ctru vé& anh
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huéng cia nong d6 dung dich kiém NaOH
tuong Gng 1a 10M, 12M, 14M va 16M va ty 1¢
cua dung dich chit kich hoat (NaOH va
NazSiO3) vdi tro bay (FA) dén cuong do cua
vira Geopolymer. Thong qua cac két qua thi
nghiém xac dinh duoc ty 1¢ chét kich hoat/tro
bay t6i wu dé san xudt vita Geopolymer co
cuong do nén cao nhat, phu hop cac yéu cau
thiét ké.

2. VAT LIEU SU DUNG NGHIEN CUU
2.1. Phu gia khoang (tro bay)

Tro bay (FA): LAy tryc tiép tir nha may nhiét
dién Fomusa - Ha Tinh. Tro bay c6 dd am
1,15%; khdi lugng riéng 2,19 g/cm® khdi
luong thé tich xdp 0,955 glcm® ; MKN =
3,28% va thanh phan hoéa hoc cua tro bay:
SiO2 = 56,9%; Al.0z = 27,7%; Fe03 =
6,68%; CaO = 1,15%; KO = 0,65%; SOs
0,11%: chi sb hoat tinh sau 28 ngay dat 88,5%;
dién tich bé mit riéng 3680 cm?/g; tro bay
nghién ctru thude loai F phu hop véi ASTM
C618-03 va TCVN 10302:2014.

2.2. Cot liéu min (cat)

Trong nghién ctru sir dung cat ty nhién dé san
xuit vira Geopolymer. Cat dugc ldy tir cong
trinh va dua vé kiém tra cac chi tiéu co 1y tai
phong thi nghiém. Cét c6 khdi luong riéng
2,62 g/cm®; khdi luong thé tich x6p 1,65

g/cm?®; d6 rdng 37,0%; do am 4,8%; mo dun
do 1on 2,62; tap chit nam trong pham vi cho
phép. Cat ty nhién ding ché tao vita
Geopolymer c6 thanh phan hat va cac chi tiéu
co ly phu hgp TCVN 7570:2006.

2.3. Dung dich hoat hoa

Dung dich hoat héa (DD) 1a hon hop cua dung
dich Natri hydroxyt (NaOH) va Dung dich
Natri silicat (thuy tinh 16ng: NazSiO3). Natri
hydroxyt dang vay khé c6 d6 tinh khiét trén
98%, khdi lwong riéng 1a 2,13 g/cm® NaOH
khan dugc pha ché thanh céc dung dich kiém
véi cac nong do Mol 1a 10M, 12M, 14M va
16M. Dung dich Natri silicat dugc dat mua cé
ty 1€ SiO2/Na20O = 2,5; Na,O = 12%, SiO; =
30% va nudc = 58% theo khoi lugng.

3. THIET KE CAP PHOI VUA
GEOPOLYMER VA KET QUA THi NGHIEM

3.1. Thiét ké cap phoi vira Geopolymer

Nghién ctu anh huong ndng d6 Mol cua
NaOH dén tinh chat cia vita GPM vdi cac
cip phdi ky hiéu nhu sau: CP1.1, CP1.2,
CP1.3 va CP1.4 tuong mg v6i ndong do Mol
cua NaOH la 10M, 12M, 14M va 16M va ty
1¢ dung dich kiém hoat hoa va tro bay la:
DD/FA = 0,35. Thanh phan cac loai vat liéu
nhu trong Bang 1.

Bang 1: Thanh phin vit li¢u ciia cAp phdi vira GPM véi nong d9 NaOH khac nhau

) ) Vit liéu DD Nong do Mol
Cap phoi - - . :
FA (kg) Cat (kg) Na2SiOs (kg) NaOH (kg) cua NaOH
CP1.1 926 1175 232 93 10M
CP1.2 926 1175 232 93 12M
CP1.3 926 1175 232 93 14M
CP14 926 1175 232 93 16M

Tiép theo, dé nghién ctru anh hudng cua ty 1¢
dung dich hoat héa (DD) va tro bay (FA) dén
tinh chét cua vita GPM, dé tai st dung dung
dich NaOH c¢6 néng d6 10M, voi cac cép

phdi ky hiéu nhu sau: CP2.1, CP2.2 va
CP2.3 tuong tng véi DD/FA = 0,35; 0,40 va
0,45. Thanh phan céc loai vat liéu nhu trong
Bang 2.
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Bang 2: Thanh phan vat li¢u ciia cAp phdi vira GPM véi cac ty 18 DD/FA

: ; Vit liéu DD
Cép phdi DD/FA i :
FA (kg) Cat (kg) Na2SiOs (kg) NaOH (kg)
CP2.1 0,35 926 1175 232 93
CP2.2 0,40 926 1132 266 106
CP2.3 0,45 926 1088 298 119

Tron cac mau vira GPM thiét ké theo cap phdi
0 bang 1 va 2 theo quy dinh, nhiét do trong
phong duy tri trong khoang 25+2°C. Buc cac
t6 mau co hinh 1ap phuong
(7,07x7,07x7,07)cm, tit ca cic mau vira duc
duogc rung trén ban rung trong 2 dén 3 phut dé
loai bd céac bot khi. Bdo dudng céc mau vira
GPM trong diéu kién tiéu chuan va nén kiém
tra cuong do nén cla cic to mau vira GPM
thiét ké & 7, 14 va 28 ngay tudi.

3.2. Anh hwéng ciia nong d6 NaOH dén
cwong do nén cua vira GPM

Ttr cap phéi vita GPM da thiét ké & Bang 1 V6i
céc nong do Mol cua dung dich NaOH 13 10M
(CP1.1), 12M (CP1.2), 14M (CP1.3) va 16M
(CP1.4), dtc cac t6 miu lap phuwong kich
thudc a = 7,07 cm, thi nghiém kiém tra cuong
d6 nén (Rn, MPa) ciia cic cip phdi vita GPM
& 7, 14 va 28 ngiy tudi. Két qua thi nghiém
cuong do nén cua cac cip phdi vita GPM thiét
ké nhu trong Hinh 1.

Rn (MPa)

t (ngay)

Hinh 1: Anh hieéng nong dé Mol ciia NaOH
dén Rn ciia cdac cap phoi vitea GPM

Nhgn xét: Tir két qua thi nghiém & hinh 1,
nghién cru anh huéng cua néng do6 Mol cua
NaOH dén cuong do nén cua vira GPM, nhan
thdy: Khi nong d6 Mol cta dung dich NaOH
tang 1én thi cuong do nén cia vira GPM tang
1én, ting lan luot 13 14,5%; 54,5% va 61,8%
tuong Ung v6i miu vira GPM c6 ndng do
12M, 14M va 16M so sanh véi mau vita GPM
¢6 néng d6 mol cia NaOH 1a 10M & 7 ngay
tudi. Cling nhu vy ting tir 14,6%; 54,8% va
90,3% & 14 ngay tudi va 10,2%; 28,4% va
53,3% & 28 ngay tudi. Piéu nay c6 thé nhan
thdy qua trinh pha v& ciu tric cua cac hat tro
bay do NaOH va qua trinh ran chic cua vira
GPM ¢ tudi som nhanh hon & cac ngay tudi
sau, phat trién rat nhanh ¢ 7 dén 14 ngay
tudi. Pac biét, khi néng d6 mol cua NaOH
ting dén 16M thi cuong do nén cua vita
GPM & 28 ngay tudi ting 1én dén 53,3% so
v6i miu vira GPM c6 ndng do mol cua
NaOH 1a 10M. Vi vay, trong thiét ké ciing
nhu san xuét vira GPM va BT GPM, cén
thiét phai nghién ciru va danh gia, cling nhu
st dung nong do ctia NaOH hop 1y v6i ham
lugng phu gia khodng tro bay co6 trong thanh
phén cua vira va BT GPM, nham dat dugc
cuong do nén cling nhu céac chi tiéu ky thuat
khac ding yéu cau thiét ké.

3.3. Anh huwéng ciia ty 18 DD/FA dén cwong
do nén cia vira GPM

Cap phdi CP2.1, CP2.2 va CP2.3 nhu trong
Bang 2 dugc chuan bi dé nghién ctru anh
hudng cta ty 1& chat hoat hoa trén phu gia
khoang tro bay (DD/FA) theo khéi luong dén
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cuong d6 nén cua vita GPM. Nong d6 cia
dung dich Natri hydroxit dugc st dung trong
thi nghiém 1a 10M. Tuong tu, dic cac t6 mau
1ap phuong kich thudc a = 7,07 cm, thi nghiém
kiém tra cudong do nén (Rn, MPa) cta cac cip
phéi vita GPM & 7, 14 va 28 ngay tudi. Két
qua thi nghiém cua cac cdp phdi vira GPM
thiét ké nhu trong Hinh 2.

e (MPs)

1 (mgar)

Hinh 2: Anh hiéng ciia ty 1é DD/FA dén Rn
cia cdc cdp phéi viea GPM

Mo (MPa)

TSR DDFA

Hinh 3: Ty ¢ chat kich hoat/tro bay t6i wu

Nh@n xét: Tir két thi nghiém ¢ Hinh 2 va Hinh
3 nhén thdy, khi cap phdi vita GPM vdi ty 1é
chit hoat hoa trén tro bay la 0,4 (CP2.2,
DD/FA=0,4) c6 cudng d6 nén cao nhat so véi
CP2.1 va CP2.3. Tang cuong do nén ¢ 28 ngay
tudi dén 77,3% so voi miu CP2.1 va ting
10,6% so voi mau CP2.3. Vi vay trong nghién
ctru nay lua chon ty I¢ cht hoat trén tro bay
hoa tbi wu 13 0,40 (DD/FA = 0,4).

Tir két qua ¢ Hinh 3, khi luong chit hoat hoa
tang 1én, cuong do nén cua vira GPM tang 1én.
Tuy nhién, khi bd sung thém ham luong chét
hoat hoa, tang ty 1¢ chit hoat hoa trén tro bay
1én 0,45 thi cuong do nén cua vira GPM co6
giam so véi miu c6 DD/FA = 0,4. Piéu nay c6
thé giai thich 1a do néng d6 OH" vuot qua
trong CP2.3, nén thanh phan hoat tinh trong
tro bay (SiO2YPH) khong du dé thuc hién hét
qué trinh hoat hda, s€ lam gidm cuong do cua
vita GPM. Ham luong natri du thira c6 thé 1am
gian doan qua trinh trung hgp cia qua trinh
GPM [7, 8].

3.4. Anh hwéng ciia nhiét do va thoi gian
bio duéng dén cwong do nén ciia vira GPM

Muc dich cuaa thi nghiém nay la tim ra
duogc nhiét d6 bao dudng ciing nhu thoi gian
gia nhiét thich hop cho c4c mau vira GMP sau
khi ché tao, nham dam bao vira tiét kiém nhién
ligu tiéu thu trong qua trinh dudng ho mau,
vira lam tiang nhanh sy phét trién cua qué
trinh GPM, néng cao cuong d6 cua vira GPM.
Trong nghién ctru sir dung cap phdi CP1.1 ¢
néng do Mol ciia NaOH 1a 10M, thanh phan
vat liéu nhu trong Bang 1 dé tién hanh thi
nghiém Kkiém tra sy anh huong cua nhiét do va
thoi gian bao dudng cac mau thi nghiém dén
su phét trién cuong do nén cua vita GPM.

Tién hanh duc cac t6 miu lap phuong kich
thudc a = 7,07 cm, mau duc thi nghiém duogc
ché tao theo TCVN 3105:1993, c4c mau vira
sau khi duc 48 gio, mau duoc thao khudn roi
tiép tuc cho vao ti say dudng ho nhiét & cac
nhiét d6 twong tng la: 40°C, 60°C, 70°C
va 80°C lan luot trong 6, 12 va 24 gio.

Két thic quéa trinh bao dudng mau trong ta
sdy, cac to mau dugc ldy ra thi nghiém kiém
tra cudong do6 nén (Rn, MPa) cia céc to mau
vita GPM. Két qua thi nghiém cuong do nén
cia cac to mau vira GPM dugc dudng ho gia
nhiét trong ti sdy sau 6, 12 va 24 gid & cac
nhiét d6 khac nhau nhu trong Hinh 4.
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Hinh 4: Anh hueng cua nhiét dé bdo duwéng dén
cuong dg nén cuiia cac mau vira GPM

Nhdn xét: Tir két qua thi nghiém nhéan théy
cuong d6 nén cta vira GPM phat trién rét
nhanh tir 6 dén 12 gio dau ngay sau khi dugc
gia nhiét va dén 24 gio thi phat trién cham dan.
Vi vay nhiét d§ va thoi gian bao dudng anh
huong dén cuong d6 nén cua vira GPM. Nhiét
dd bao dudng cao hon s€ lam cho qué trinh
triung hop Geopolymer xay ra nhanh va triét dé
hon, cuong d¢ nén cta vira GPM cao hon.
Nhin vao biéu d6 hinh 4 thdy duogc, nhiét do
bao dudng ting tir 60°C dén 80°C thi cuong do
nén ting rat nhanh trong 6 dén 12 gio dau bao
dudng. Néu ting nhiét do bao dudng lan luot
tir 40°C = 60°C = 70°C = 80°C thi cuong do
nén cua cic mau vita GPM sau 24 gid bdo
dudng nhiét 1an luot ting 1én 15,1% = 13,2%
= 4,4%; cuong d6 nén clia cac mau vira GPM
bao dudng & nhiét do 60°C dén 70°C khdng
nho hon nhiéu so véi cac mau duoc bao dudng
& 80°C. Vi vdy, dé cac mau vita GPM khong
bi cong vénh khi bdo dudng ¢ nhiét d qua
cao, ciing nhu dé tiét kiém ning luong dién
tiéu thy cho qué trinh bao dudng mau, tir cac
két qua thi nghiém va tham khao tai liéu [1, 5],
dé tai da Iya chon ché d6 bao dudng mau hiéu
qua nhat 13 sy cac miu vira GPM ¢ 60°C

TAI LIEU THAM KHAO
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trong 24 gio. Sau khi duc mau 48 gid, mau vira
GPM dugc thao khudn va cho vao tu sdy
dudng hd & nhiét d6 60°C lién tuc trong 24 gio
dé day nhanh va triét dé qua trinh geopolymer
hoa. Két thuc qua trinh bao dudng trong tu
sdy, cac t6 mau duoc ldy ra va bdo dudng
trong diéu kién tiéu chuan cho dén khi cac t6
mau du ngay tudi yéu cau thi tién hanh thi
nghiém kiém tra cac chi tiéu ky thuat yéu cau
cua vita GPM thiét ké.

4. KET LUAN

Trong nghién cru va san xuat vira GPM, thi
ham luong cua dung dich chat hoat héa, ciing
nhu ndng d6 mol cua dung dich NaOH ¢6 anh
huong dén cudng do va mot sé tinh chat ky
thuat khac cua vira GPM. Tur két qua thi
nghiém nhan thay khi néng ¢6 mol caa NaOH
tang 1én thi cuong do cua vira GPM tang lén.
Cuong d6 cua vira GPM ting manh khi nong
dd6 mol cua NaOH cao nhat 12 16M.

Ham luong dung dich hoat hoa trén tro bay
tang lén thi cuong do cua vira GPM cling
tang 1én, tuy nhién ciing can xac dinh dugc
ty 16 DD/FA tbi wu véi ting mac vita GPM
thiét ké khac nhau, nhim dam bao céac yéu
cau ky thuat dé ra va tinh kinh té trong san
xuat vira GPM.

Cuodng do cua vira GPM phu thudc rat nhiéu
vao nhiét do va diéu kién dudng hg, cling nhu
thoi gian dudng ho cac mau thi nghiém. Ngoai
ra, tinh chét ctia vira GPM con phu thudc vao
ham lugng phu gia khoang, ty 1¢ cia dung dich
hoat hoa véi tong lwong phu gia khoang, nong
dd cua dung dich hoat hoéa... Vi vay trong thiét
ké, can dya vao céc yéu cau thiét ké cua vira
GPM dé lya chon ty 1€ céc loai vat li¢u cling
nhu ndéng d6 ciia NaOH hop Iy.
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