Nghién ciru khoa hoc cong nghé
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Tém tit: Trong nghién ciru nay, vt liéu geopolyme trén co so bun do va cao lanh da
dwoc nghién ciru ché tao nham tao ra vit liéu véi dinh huwéng ung dung trong linh viec xdy
dung. Hoén hop cao lanh, bun do dwoc tron voi dung dich chat hoat héa kiém, Ca(OH)s,,
nhiét @ va thoi gian duwdng mau khdc nhau tao thanh vit liéu geopolyme. Két qua nghién
citu cho thdy vit liéu geopolyme ché tao dwoc sau xir Iy dong ran bin dé ¢6 kha nang cho
cuong dé chiu nén cao nhat la ~21 MPa. Sw ¢é mdt ciia Ca(OH), tao ra thanh phdn C-S-
H/C-A-S-H lam tang cuong do chiu nén cia vit liéu ché tao duoc.

Tur khoa: Geopolyme; Polyme vo co; Bun do; Cao lanh.
1. MO PAU

Dé san xuét ra 1 tin alumina (nguyén liéu dé san xuat nhom) tir quing bauxit bang phuong
phap Bayer sé thai ra khoang 1,3-1,5 tan bun thai (bun do6) [1]. Hang nim, lugng bun do thai ra
trén thé gioi 1a rat 16n, 1én t6i 82 triéu tan [1-3]. Tai Viét Nam, nha may alumin Tén Rai (Ldm
Podng) ciing thai ra ¢& 1,5 triéu tin bun do/ndm. Bun thai nay c6 do pH rat cao tor 11-13,2 va
chinh 1a tac nhan gay nguy co 6 nhiém mai trudng nhu: i) 6 nhiém ngudn nudc ngam va nudc
mit do c6 chira kiém va cac tap chat kim loai néng [4]; ii) tdc dong truc tiép toi tham dong, thuc
vat [5]; iii) nguy co gdy anh huong va khé c6 thé khic phuc trén dién rong, nhu su ¢b bun do &
Ajka (Hungary) nam 2010 [6, 7]. Chinh vi vay, viéc xtr ly bun do6 da va dang dugc cac nha khoa
hoc trén thé gidi quan tim nghién ciru: 1am vat liéu zeolit, hap phu [8-11], lam chat xuc tac [12,
13], lam vét liéu xay dung [2, 14, 15].

Polyme v6 co (con goi 1a geopolyme) 14 hop chit aluminosilicat & dang tir vo dinh hinh dén
mang ludi ban tinh thé khong gian 3 chiéu [16]. Mang ludi cau triic ctia polyme vo co dua trén
co s& ngung tu lién két cac tir dién [SiO4] va [AIO,] tao thanh tir sy hoat hoa kiém ngudn tién
chat aluminosilicate nhu cao lanh [2], tro bay [17], tro triu [18],... Cac polyme v6 co hinh thanh
¢6 kha ning giup cimg hoa cac vat liéu bo roi theo co ché két dinh va bao boc cac hat vét lidu véi
nhau bing cac lién két hoa hoc xay ra trong qua trinh geopolyme hoa. Hop chit polyme vo co
thu duoc c6 kha ning sir dung lam vat lidu xay dung ma khong cin qua giai doan nung tén nhidu
nang luong.

Trong bai viét ‘nay, ching t6i nghién ctru mot sO yéu t6 anh huong dén kha ning ché tao va
dic trung tinh chit vat liéu dong ran tir bun d6 bang phuong phap geopolyme str dung chit két
dinh cao lanh, dinh huéng lam vat li€u xay dung khéng nung.

2. THUC NGHIEM

2.1. Héa chit

Bun do cuc lay tir bai thai cua nha may san xuit alumin Tan Rai (LAm Ddng) duoc siy,
nghi€n nho va rdy lay kich thude hat <90 pm. Cao lanh dugc str dung trong nghién ctru 1a cao
lanh Trdc Thon (Chi Linh, Hai Duong) ¢ dang bot min. Céc nguyén liéu deéu dugc say kho ¢ 105
°C trong 24 h trudce khi tién hanh thi nghiém. Céc chat hoat hoa kiém st dung trong nghién ctru
la NaOH dang hat (Trung Quoc 98%), Ca(OH), dang bot min (Trung Quoc, 99%).
2.2. Péng rin bun dé theo phwong phap polyme vé co

Thanh phan phdi lidu cao lanh, bun d6, Ca(OH), dugc duge tron déu véi nhau, rdi cho tir tir
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dung dich kiém hoat hoa NaOH vio h5n hop rdi nhao tron trong 15 phit. Trong nghiér} clru nay,
ti 1¢ phoi liéu bun do/cao lanh duge ¢ dinh la 1/3 (75 g/225 g) theo ham lugng cao nhat cua bun
do thay thé luong cao lanh trong nghién ctru cua Hajjaji [2]. Ham luong Ca(OH), thay doi tur 15
— 75g, nong d6 NaOH tir 4 — 12 M. Ti 1¢ khoi lugng chat long/ran duge gitr khong doi 1a 0,37.
Hon hop sau d6 dugc dua vao khudn tao hinh mau vat liéu ¢ kich thude 40x40x40 (mm). Cac
mau dugc gitr & nhiét do xac dinh (nhiét d6 phong, 60 °C hoac 80 °C) trong vong 24 h. Sau do,
cac mau dugc thao khuon va dudng & nhiét d6 phong cho dén khi dugec dem do cudng do chiu
nén (3; 7; 14; 28 hoac 42 ngay).
2.3. Phuong phap dic trung tinh chat vt liéu

Thanh phan héa hoc cua nguyén lidu cia cao lanh, bun do dugc do bang phuong phap phd
huynh quang tia X (XRF) trén hé may S4-Pioneer. Phan bo kich thude hat cia cao lanh va bun do
dugc do trén may Horiba LA-960. Gian d6 nhicu xa tia X (XRD) dugc do dugc do trén may D8
Advance - Brucker (anot Cu, A = 1,504 A). Pho hong ngoai (IR) cua mau vat li¢u dugc do trén may
FTIR 1S - Shimazu. Anh hién vi dién tr quét (SEM) dugc do trén may model Quanta 450. Cuong
do chiu nén cua mau vat liéu polyme v6 co dugc do bang may Advantest 9 Controls Model 50-
C9030 véi toc do gia tai 500 kN/gidy. Cuong d6 chiu nén (MPa) R = F/A; trong do: F 1a lyc nén
khi mau bi pha hiy (N); A 1a gia tri trung binh cOng dién tich hai mat chiu nén (mmz).

3. KET QUA VA THAO LUAN

3.1. Tinh chit ciia nguyén li¢u cao lanh, bun dé

Thanh phél} héa hoc cac mau bun dd, cao lanh trong bang 1 cho théy bun d6 6 ham luong sit
oxit chiém phan 16n (~48%), ham lugng nhom oxit va silic oxit chiém lan luot 1a ~16% va 6%,
cao lanh c6 ham lugng silic oxit chiém ti 1¢ cao nhat trong mau (~48,8%), ham luong nhém oxit
cao thtr hai (chiém ~35%). Thanh phan silic va nhom cao trong cao lanh chinh 1a nguon chat két
dinh dong vai tro quan trong cho qua trinh dong ran bun dé theo cong nghé geopolyme.

Bing 1. Thanh phan héa hoc ciia nguyén liéu bun do, cao lanh.

Thanh phin (% khdi hrgng)

Nguyén liéu | .. . LOI
SiO, A|203 F6203 TiO, | MnO|Na,O | K,O | CaO MgO (rnét Kkhi nung)

Bun do 6,01 |16,16]48,29 6,44 | 0,08 | 4,27 |10,09|3,35| 0,13 14,30
Cao lanh |48,85|35,45| 0,64 |0,03| 0,18 | 0,05 [1,47|0,06| 0,04 12,98
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Hinh 1. Phdn bé kich thuée hat cia nguyén liéu cao lanh, bin do.
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Kich thudc hat cua nguyén lidu c6 anh huéng quan trong dén kha nang hoa tan ngudn tién
chat nhom, silic cho qua trinh geopolyme hoéa cua chat hoat hoa kiém [19]. Phan b6 kich thude
hat trén hinh 1 cho thay phan lon nguyén liéu cao lanh va bun do trong nghién ctru nay c6 kich
thudc hat nh(:), tap trung & dai tur 0,1 - 2 pm. Kich thudc hat nhé sé tot cho su hoa tan nguon
nhom, silic d¢ thyc hién qua trinh geopolyme hoa.

3.2. Ché tao vat li¢u polyme vé co
3.2.1. Anh huong ciia ham leong chdt hoat héa kiém NaOH

Ching t0i d3 tién hanh thyc nghiém voi nong do NaOH thay doi tr 2 M; 4 M;
6 M; 8 M va 10 M; 45 g Ca(OH),; say ¢ 60 °C trong 24h dau tién, sau d6 dugc dudng & nhiét do
phong trong 28 ngay.
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Hinh 2. Cuong dé chiu nén cua vdt liéu Hinh 3. Cuong dé chiu nén cua vdt liéu
polyme vé co ché tao duoc voi NaOH ¢ cac geopolyme theo ham luong Ca(OH),
nong do khdac nhau. 0 NaOH 6 M.

Két qua khao sat trén hinh 2 cho thdy: Khi ting ham luong chat hoat héa kiém NaOH thi
cuong do chiu nén cia cac mau vat liéu ciing ting 1én. Tuy nhién, néu ham lwong NaOH ting
qua 6 M thi cudng do chiu nén ciia cac mau vat lidu geopolyme lai giam xudng. Diu nay co thé
giai thich 1a: khi ting ndng do chat kiém hoat hoa thi kha ning hoa tan ngudn nhém, silic tao
monome cho qua trinh geopolyme hoa nhiéu hon nén cudng do chiu nén cua vat liéu ché tao
dugc tang 1én; Tuy nhién, khi nong d6 NaOH ting qua 6 M thi c6 thé ham luong chét kiém trong
méu vat liéu di qua du 1am gidm kha ning gin két cdu triic, dan dén cuong do chiu nén giam.
Trong nghién ctru nay, nong do chat kiém hoat héa NaOH 6 M 1a cho gia tri cuong d chiu nén
cao nhit va duoc lua chon cho céc nghién clru tiép theo.

3.2.2. Anh heong ciia ham leong chat phy tro Ca(OH),

Vat liéu duge ché tao voi ham lugng Ca(OH), thay dditir 0 - 60g, tron voi chét kiém hoat hoa
NaOH 6 M, sdy & 60 °C trong 24 h dau tién, sau d6 duoc dudng & nhiét d6 phong trong 28 ngay.
Két qua khao sat cuong d6 chiu nén cua cac vat liéu dugc dua ra trén hinh 3. Két qua trén hinh 3
cho thay cudng d6 chiu nén ciia vét liéu geopolyme ché tao duge c6 xu hudng ting 1én khi ting
ham lugng Ca(OH), c6 mit trong hdn hgp phdi liéu va dat gia tri cao nhat khi ham lugng
Ca(OH), trong mau 1a 30 g. Cudng dd chiu nén cua vat liéu ché tao dugc khi thém 30 g Ca(OH),
¢ NaOH 6 M (21,17 MPa) da tang 236% so v6i khi khong c6 mdt Ca(OH), (8,96 MPa). R9 rang
rang sy ¢6 mit cua thanh phan Ca(OH), da anh huong tich cuc tdi kha nang dong ran bun do trén
co s& chit két dinh cao lanh. Anh huong tich cuc cua Ca(OH), t6i cuong dd chiu nén cua vat li€u
geopolymer phu hop véi cac két qua nghién ciru M.J.A. Mijarsh [20] va Maria Luz Granizo [21].
3.2.3. Anh hwéng ciia thoi gian dwéng madu
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Thanh phﬁn nguyén vat li¢u dqu s dung’ nhu sau: 225 g cao lanh, 75 g bun do, dung dich
NaOH 6 M va 30 g Ca(OH),. Cac mau duoc siy & 60°C trong 24h, sau d6 duogc dudng & nhiét do
phong véi cac thoi gian dudng khac nhau tir 3; 7; 14; 28 va 42 ngay.
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Hinh 4. Cuwong dé chiu nén cia vit liéu ¢ Hinh 5. Cuong dé chiu nén theo thoi gian duong
cdc thoi gian duwong mau khdac nhau. mau cua cac vt lieu che tao dwoc voi nhiét do
dudng khdac nhau trong 24 h dau tién.

Két qua khao sat cho thiy: Cudng d6 chiu nén cua vat liéu ting 1én khi thoi gian dudng mau
tang. PO ting cudng do chiu nén ting nhanh trong thoi gian dau cta qua trinh dudng miu, sau d6
cuong do van tiép tuc ting nhung cham dan theo thoi gian. Ta c6 thé quan sat thdy sau 3 ngay
dudng, cudng do chiu nén cua mau vat liéu da 16n hon 15 MPa. Sau 7 ngay va 14 ngay dudng
mAiu, cudng do chiu nén cia cac mau vat liéu geopolyme van ting twong dbi rd (khoang 7 -
15%). Tuy nhién, sau 28 ngay dudng, gia tri cudng do chiu nén cua vt liéu tang khong dang ké,
¢6 thé do cau trac vat liéu da twong d6i on dinh.

3.2.4. Anh huong cia nhiét do dwéng mau

Céc mau vat liéu duoc ché tao vai thanh phﬁn 225 g cao lanh, 75 g bun do, dung dich kiém
hoat hoa NaOH 6 M va Ca(OH), 1a 30 g. Cac mau vat liéu dugc dudng & cac diéu kién nhiét do
khac nhau nhu nhiét d6 phong (~30 °C), 60 °C va 80 °C trong 24h dau tién, sau do dugc thao
khuén va déu duoc dudng tiép & nhiét dd phong trong 28 ngay. Qua két qua nghién ctru hinh 5
cho thiy: Pudng cong cuong do chiu nén cua cac mau vat liéu dudng ¢ cac nhiét do khac nhau
déu c6 hinh dang va xu hudng gidng nhau 1a tiém cén t6i gia tri cuong do chiu nén cao nhat.
Cuong do chiu nén cua vat li€u dudng ¢ 80 °C tiém cén nhanh hon ¢ 60 °C va cham nhét 13 &
nhiét 6 phong. Cac vat liéu geopolyme khac nhau c6 thé phu hop véi cac nhiét 46 dudng mau
khac nhau nhu Zahariki va cac cong su [22] nghién ctru ¢ 80 °C, Kaya [23] lam ¢ 60 °C, Hajjaji
[2] nghién ctru ¢ 50 °C hay Ascensdo [24] lam & nhiét d0 phong. Trong nghién cru nay, dudng
vat liéu & nhiét do phong ngay tir 24 gid dau tién khong phu hop do qua trinh dong rén vat lidu
dién ra cham, cudng d6 chiu nén thap va bi cacbonat hoa bé mat. Nhiét do dudng trong 24h dau
tién 1a 60 °C thi phu hop cho qua trinh dong rin mau vi vira dam bao cudng do chiu nén tt, vira
khong mat qua nhiéu ning luong.

3.3. Pic trung céu tric ciia ciia vat liéu geopolyme

Vit liéu geopolyme duge nghién ciru 1a mau vat ligu ché tao trong diéu kién: 225 g cao lanh,
75 g bun d6, dung dich NaOH 6 M va 30 g Ca(OH),, sdy & 60 °C trong 24 h va sau d6 dudng &
nhiét 46 phong.

Trén hinh 6 la gian dd nhiéu xa tia X cua mau vat liéu. Két qua cho thdy mot sb pic dic trung
cho pha tinh the kaolinite, quartz da xuat trén gian d6 nhi€u xa mac du cuong dd pic 1a tuong doi
yeu. Bén canh do, dinh pic ¢ 26 = 29,3 dac trung cho pha tinh thé cua canxi silicat hydrat (C-S-
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H)/canxi aluminosilicat hydrat (C-A-S-H) ciing dugc thiy rd trén gian dd nhidu xa [25]. Theo I.
Garcia-Lodeiro va cac cong su [25] khi ¢6 mit ham lugng Ca(OH), trong méi trudng kiém cao
thi gel C-S-H va C-A-S-H c6 thé duoc tao thanh — day 1a thanh phan rat quan trong lam ting do
cung cua vt liéu, tir d6 lam cudng do chiu nén tang 1én.
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Hinh 6. Gidn do6 nhiéu xa tia X cia mau vit Hinh 7. Pho IR cua mau vt liéu geopolyme
liéu geopolyme che tao duoc. che tao duoc.

Két qua phd hong ngoai (IR) trén hinh 7 cho thay: Dai phd co dinh thip ¢ 1413 cm™ dic
trung cho dao dong lién két O-C-O ciia mudi cacbonat do khi cacbonic phan tmg véi kiém du
ctia vat liéu tao thanh. Vai phd & 1085 cm™ dic trung cho dao dong kéo cing cua lién két Si-O
trong cu tric cao lanh vé dinh hinh. Dinh phd & 995 cm™ 14 dic trung dao dong Si-O/AI-O ¢
lién két véi canxi ching t6 thanh phan C-S-H/C-A-S-H di duoc tao thanh. Maria Luz Granizo va
cac cong su [21] da nghién ctru anh huong ciia Ca(OH), dén qua trinh hoat hoa kiém meta cao
lanh va thay rang c6 su dich chuyén dai pho tai 1050 cm™ dic trung cho lién két Si-O/Al-O trong
meta-cao lanh vé cung thdp hon & 995 cm™ (<1000 cm™) khi c6 mdt Ca(OH), trong thanh phan
tao geopolyme. Trong nghién ctru ctia Garcia-Lodeiro [25] thi dinh pic dac trung cho C-S-H/C-
A-S-H tham tri con dich chuyén sau hon vé dai 960 cm™. Céac dinh 462 cm™ va 536 cm™ lan luot
1a cic dao dong bé cong cua cac lién két Si-O/AI-O va Si-O-Al. Nhu vay, két qua phd hong
ngoai ciing khing dinh sy tao thanh C-S-H/C-A-S-H va hoan toan phu hop vé6i két qua di dugc
théo luan vé gian dd nhiéu xa tia X hinh 6 & trén.

4. KET LUAN

Ham luong chét kiém hoat hoa NaOH, thoi gian va nhiét do dudng mau c6 anh huong rd dén
cuong d6 chiu nén cua vat liéu sau xtr Iy dong ran. Su c6 mit cua thanh phan Ca(OH), lam ting
manh (~230%) gié tri cudng d6 chiu nén cia vat liéu. Sy c6 mat cua thanh phan C-S-H/C-A-S-H
dd dugc ching minh va c6 thé 1a yéu t6 1am ting gia tri cudong d6 chiu nén cua vat lidu. Trong
pham vi khao sat, diéu kién thich hop dé ché tao vat liéu polyme vo co dong rin tir cao lanh va
bun do cho c6 gia tri cudng d6 chiu nén cao nhét (~21 MPa) 1a 225 g cao lanh, 75 g bun do, 30 g
Ca(OH),, NaOH 6 M, ti 1&¢ ham luong rdn/long = 0,37, sdy & 60 °C trong 24 h dau tién va dudng
0 nhiét d6 phong.

Loi cim on: Nghién ciru duogc thuc hién voi sy hé tro ciia dé tai KHCN ma s6 B2019-MDA-03. Nhom
tdc gia trdn trong cam on cdc y kién phan bién va nhdn xét gop phan ndng cao chat luwong bai bao.
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Nghién ciru khoa hoc cong nghé

ABSTRACT

PREPARATION AND CHARACTERIZATION OF GEOPOLYMERIC MATERIALS
SOLIDIFIED FROM RED MUD AND KAOLIN

In this paper, geopolymer materials based on red mud and kaolin were prepared and
characterized. Red mud and kaolin were mixed with different amount of alkaline activator
and Ca(OH), at different temperature and curing time to form geopolymeric materials.
Compressive strength of materials obtained was measured. The results show that the
highest compressive strength of the materials was ~21 MPa. The presence of Ca(OH),
component could make the C-S-H/C-A-S-H formation resulting the highly increasing in
compressive strength of materials.

Keywords: Geopolymer; Inorganic polymer; Red mud; Kaolin.
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