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. BO GIAO DUC VA PAO TAO
TRUONG DAl HQC SU PHAM KY THUAT
THANH PHO HO CHI MINH

LUAN VAN THAC ST
TRUONG THANH HUNG
MSHV: 1780817

NGHIEN CUU TANG CUONG KHA NANG CHONG
AN MON TRONG MOI TRUONG AXIT CHO BE
TONG GEOPOLYMER BANG SILICAFUME

NGANH: KY THUAT XAY DUNG CONG TRINH
DAN DUNG VA CONG NGHIEP

Huwéng dan khoa hoc:
PGS. TS. PHAN PUC HUNG

Thanh phé Ho Chi Minh, thang 6/2019




. BO GIAO DUC VA PAO TAO
TRUONG DAl HQC SU PHAM KY THUAT
THANH PHO HO CHI MINH

LUAN VAN THAC ST
TRUONG THANH HUNG
MSHV: 1780817

NGHIEN CUU TANG CUONG KHA NANG CHONG
AN MON TRONG MOI TRUONG AXIT CHO BE
TONG GEOPOLYMER BANG SILICAFUME

NGANH: KY THUAT XAY DUNG CONG TRINH
DAN DUNG VA CONG NGHIEP

Huéng dan khoa hoc:
PGS. TS. PHAN DUC HUNG

Thanh phé Hé Chi Minh, thang 6/2019




BO GIAO DUC VA DAO TAO CONG HOA XA HOI CHU NGHIA VIET NAM

TRUONGDAIHOCSU PHAMKY THUAT Poc lap - Tw do - Hanh phiic
THANH PHO HO CHI MINH
S6: 1598/QD-DHSPKT Tp. H6 Chi Minh, ngay 28 thdng 8 nam 2018
QUYET PINH

Vé viéc giao d@ tai luan vin tét nghiép va ngwdi hwéng dan nam 2018
HIEU TRUO'NG TRUO'NG PAI HOC SU' PHAM KY THUAT TP. HO CHi MINH

Can ctr Quyét dinh sé 426/TTg ngay 27 thiang 10 nam 1976 cGa Thu tuwéng
Chinh pha vé mét s6 van dé cap bach trong mang luéi cac truong dai hoc va Quyét
dinh s6 118/2000/QD-TTg ngay 10 thang 10 nim 2000 ctia Thi twéng Chinh phi vé
viéc té chirc lai Pai hoc Qudc gia Thanh Phé H6 Chi Minh, tdch Trudng Pai hoc
Sw pham Ky thuat Thanh phé H6 Chi Minh truc thudc B Gido duc va Pao tao;

Cin cr Quyét dinh s6 70/2014/QP-TTg ngay 10 thiang 12 ndm 2014 cta Thu
twéng Chinh phu vé viéc ban hanh Diéu 1é trudng Pai hoc;

Cin cr Quyét dinh s6 937/QP-TTg ngay 30 thang 6 nam 2017 vé viéc phé
duyét dé an thi diém déi méi co ché hoat dong ctia Trwong Pai hoc Sw pham
Ky thuat Tp. H6 Chi Minh;

Can cr Thong tw sé 15/2014/TT-BGDDT ngay 15/5/2014 cia Bd Gido duc va
Dao tao vé viéc Ban hanh Qui ché dao tao trinh do thac si;

Can cir vao Bién ban bao vé Chuyén dé ctia nganh Ky thuat xay dung céng trinh
dan dung & céng nghiép vao ngay 24/08/2018;

Xét nhu cau cong tac va kha niang can bg;

Xét dé nghi cta Trwdng phong Dao tao,

QUYET PINH:

Piéu 1. Giao dé tai Luan van tét nghiép thac sT va ngudi hwéng dian Cao hoc

nam 2018 cho:

Hoc vién : Trwong Thanh Hiung MSHV: 1780817
Nganh : Ky thuat xay dung céng trinh dan dung & céng nghiép
Tén deé tai : Nghién civu tdng cwong khad ndng chéng an mon trong

méi trwong axit cho bé téng Geopolymer bang silicafume

Nguwdi hwéng din : PGS.TS. Phan Dirc Hiing

Théi gian thuc hién: Tir ngay 28/8/2018 dén ngay 28/02/2019

DPiéu 2. Giao cho Phong Dao tao quan ly, thuc hién theo ding Qui ché dao tao
trinh dd thac si ctia B9 Gido duc & Pao tao ban hanh.

Piéu 3. Truwdng cac don vi, phong Pao tao, cac Khoa quan nganh cao hoc va cac
Ong (Ba) c6 tén tai Piéu 1 chiu tradch nhiém thi hanh quyét dinh nay.

Quyét dinh c6 hiéu lwc ké tir ngay ky./. \d'

Noi nhdn :

- BGH (dé biét);

- Nhwr diéu 3;

- Lwu: VT, SPH (3b).

[ ZfOM HO 317 PH)
KT tiUAT

L& Hidu Giang



_BO GIAO DUC VA PAO TAO ‘ CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DATHQC SU PHAM KY THUAT Poc14p - Ty do - Hanh phic
THANH PHO HO CHI MINH

BIEN BAN CHAM LUAN VAN TOT NGHIEP THAC ST_NAM 2019
NGANH: KY THUAT XAY DU'NG_KHOA 2017-2019

Hoi ddng chim LVTN theo QD sé: 1315/QD-BHSPKT-SDH, ngéy 11/07/2019 o

C6 mit D rseessintsicissiesseonranesiattecanesssnesensnsneseearasetneses Vang mat: .......

Chu tich Hoi dong : TS. Trdn Tudn Kiét

Thu ky Hoi dong . TS. Lé Anh Thdng

Hoc vién bao v&€ LVTN : Trwong Thanh Hing MSHV: 1780817

Giang vién huéng din : PGS.TS. Phan Pic Hiing
Giang vién phan bién : TS. Pham Ditc Thién
TS. Nguyén Dinh Hung
Tén dé tai LVTN : Nghién ctvu tdng cwong khd néing chéng dn mon trong méi trwong axit
cho bé téng Geopolymer bdng silicafume
I. KET QUA BAO VE:

TT Thanh vién héi dong Két qua baové | Ghichi
8]
1 ITS.Trin Tuin Kiét & 3,0
2 |TS. L& Anh Thing ¢,0
3 |TS. Pham Dirc Thién G %
4 |TS. Nguyén Dinh Hing O,(
5 |PGS.TS. Vii Hong Nghiép “3,0

Téng diém

5
Piém trung binh 7“ ) Ok

II. KET LUAN:
(Thu ky hgi dong ghi ro cdc y kién cia thanh vién héi déng vé vigc chinh sika, b6 sung nhitng ngi dung gi trong LVTN)

Tp.H6 Chi Minh, ngay 21 thdng 7 ndm 2019
CHU TICH HQI PONG THU KY HQI PONG
(Ky, ghi rd hoc ham, hoc vi & ho tén) (Ky, ghi ré hoc ham, hoc vi & ho tén)




BO GIAO DUC VA PAO TAO
TRUONG PAI HQC SU PHAM KY THUAT
THANH PHO HO CHI MINH

HCMUTE

PHIEU NHAN XET LUAN VAN THAC SY
(Danh cho giiang vién phan bién)
Tén dé tai luan van thac sy: Nghién ctru tang cudng kha nang chéng an mon trong moi trudng axit cho bé
tong Geopolymer bang silicafume
Tén tac gia: TRUONG THANH HUNG MSHYV: 1780817
Nganh: Ky thuat xay dung cong trinh dan dung va cong nghiép Khéa: 2017
Pinh huéng: Ung dung
Ho va tén nguoi phan bién: TS.Pham Dtc Thién
Co quan cong tac: Khoa Xay Dung - Truong Pai hoc Su pham K§ thuat TpHCM
Dién thoai lién hé: 0949596128
I. Y KIEN NHAN XET

1. V& hinh thirc & két cdu luin vin:
- Céan chinh sta df)ng thoi véi chinh stra ndi dung nhu liét ké & muc 2.5 cua bang nhan xét nay.
2. Vé ndi dung:
2.1. Nhén xét vé tinh khoa hoc, ré rang, mach lac, khiic chiét trong lugn viin
- Can cai thién hon, xem muc 2.5 cua bang nhan xét nay.

2.2. Nhdn xét ddanh gid viéc siv dung hodc trich dan két qua NC cua ngwoi khdc cé ding qui dinh
hién hanh ctua phdp ludt sé hivu tri tué

- Trich dan dung quy dinh o
- Chi trich dan dugc rat it cong trinh nghién ctru nudc ngoai (2) va trong nudc (3) lién quan truc tiép dén deé
tai nghién curu.

2.3. Nhdn xét vé muc tiéu nghién ciru, phuwrong phdp nghién cieu sir dung trong LVTN

- Muc tiéu nghién ctru 16 rang, phuong phap nghién ctru phu hop.

2.4. Nhén xét Téng quan cia dé tai

- Phan téng quan cua dé tai tam on, tuy nhién van co thé duoc cai thién, bd sung trich dan, nhan xét danh gia
dé néu bat duoc muc ti€u cua deé tai mot cach mach lac, r6 rang va thuyét phuc hon.

2.5. Nhdn xét ddnh gid vé ngi dung & chdt lwong ciia LVTN



- Can klem soat nhiéu doan ndi dung lap di lap lai nguyén vian giy trc ché cho nguoi doc mot cach khong
can thlet

- Phan ABSTRACT (tiéng anh) c6 kha nang duoc cai thién dé t6t hon.

- Hinh 1.1, 1.3 can dugc thay thé bang cac hinh khéac khong cé céc thong tin kh6ng lién quan (watermark).
Hinh 3.4 nén st dung hinh anh cat da qua san loc, hinh hién tai cat 1an nhiéu dé soi, co phai tac gia dé
nguyen nhu vay tron bé tong khong‘? Hinh 3.6 ciing cho cam giac kich ¢& hat da khong dong déu va qua to,
nén sir dung hinh anh khac c6 tac dung thi giac tot hon.

- 86 trich dan [1,2,3,..] chua theo thir tu.

- Muc 2.7.1 va 2.7.2 ¢6 nhiéu noi dung lap lai. Cau trac dé muc chua logic, cac muyc tr 2.7.3 dén2.7.6
duong nhu phai 1a muc con cua muc 2.7.2 thay vi 1a cac muc ngang cap?

- Muc 2.7.3 dén 2.7.6 chua thiy néi vé anh huéng cua ion sulfate, ion clorua, nuéc bién, nudc thai cong
nghi¢p dén tinh chat bé tong geopolyner, chi thay nhic dén bé tong xi mang. Cac chét phan ng v&i nhau tao
san pham nén duoc thé hién thém bang phuong trinh héa hoc.

- Muc 2.8 va cac muyc con can dugc bo sung nhiéu trich dan dé minh ching cho céac ndi dung da trinh bay.
Muc nay ciing khong thay nhéc dén anh huong cua silicafume dén tinh chat cia bé tong gepolymer, du phin
tong quan c6 noi dén 1 d€ tai nhu thé nay.

- Bang 3.3 khong c6 s6 liéu cho ¢ sang 15 mm, dd thi hinh 3.7 lai vé& dugc diém so li¢u do.

- Hinh 3.12 dtic mau voi bé mat loang 16, thleu vat li€u,...gdy phan cam va nghi véan ve chét luong tao mau.
Trong khi céc hinh tiép theo thdy mau kha tot. Dé nghi giai thich rd thém va thay thé bang maot hinh anh
khéc.

- Muc 4.1 “Kiém tra bang truc quan”, can c6 hinh anh $0 sanh dbi chiéu gitra mau c6 ngam hoa chat va
khong ngam hoa chét sau cung khoang thoi gian. Cac mau bi anh huong bé mit can dwa hinh anh theo dién
tién cac mdc thoi gian ma tac gia nghién ciru, thay vi chi 1a hinh anh ciia 120 ngay ngam hoa chat nhu hién
tai.

- Céc d6 thi hinh 4.5, 4.6 nén thay tén CP1,2,3... bang 0%, 5%, 10%,... hoa chat (hodc thém vao tén dudng
ham lugng nay). Dé theo ddi truc quan hon.

- Trang 60, doan 1, két luan 2 chat acid lam tang cuong do bé tong geopolymer theo thoi gian la chua day du
co s6 khoa hoc khi khong c6 céc mau khong ngdm hoa chét dé ddi chumng. Ket luan cuong do 6n dinh, khong
thay d6i nhiéu sau 120 ngay ngam mau 1a khong thuyét phuc do xu huéng dd thi cudng do dang di xudng
sau 60 hodc 90 ngay va tac gia thiéu két qua do cho thoi gian dai hon.

- Muc 4.4 can néu 13 cong thirc tinh % khéi luong thay doi.

- Theo mo ta q doan 1 trang 48: “mau duoc lay ra khoi dung dich hoa chét, lau sach miu bang khin mém va
ngay sau do ti€n hanh cén va nén mau”, lic nay mau & trang thai bao hoa, dem cén va so sanh véi khoi
luong, mau khéng ngam ¢ trang thai kho thi rat khap khiéng. Ciing néi thém nén mau & trang thai bio hoa
nay két qua so sanh véi cuong do mau ban dau & trang thai kho ciing khong hop 1y.

- Muc 4.3 dén 4.6 ciing can c6 thém cac binh luén, g1a1 thich va dan chiing khoa hoc chirng minh cho su
tdng giam cuong do cua bé tong geopolymer ma tac gia da thuc hién la dang tin cay thay vi chi c6 cac mo ta
sO liéu nhung rat it giai thich nhu hién tai.

2.6. Nhdn xét ddnh gid vé khd ndng irng dung, gid tri thwc tién ciia dé tai

- Pé tai voi cac két qua thuc nghiém da thuc hién co thé dung lam tai liéu tham khao va co s khoa hoc cho
cac nghién cuu tiép theo.

2.7. Lud@n vdn cén chinh siva, b6 sung nhitng néi dung gi (thiét sét va ton tai):
- Xem va chinh stra theo muc 2.5 cia bang nhan xét nay.

II. CAC VAN PE CAN LAM RO
(Cac cau hoi cua giang vién phan bién)

1/ Cén trinh bay o hon ndi dung nghién ctru cua cong trinh nghién ctru trich dan s6 [19] cua PGS.TS. Phan
buc Hung. Nhu luén van da trich dan: BT Geopolyner c6 kha ning duy tri cudng do sau 24 tudn ngam trong
acid, nhu vay c6 can thiét phai c6 thém nghién ctru cua tac gia hay khong?

2/ Tac gia can giai thich bang cac dan chirng khoa hoc xem cuorng dd cua bé tong geopolymer c6 tang theo
thoi gian (sau duomg ho nhiét) hay khong? Nhét 14 sau cac cot moc thoi gian 30, 60, 90, 120 ngay (n€u
dugc). Vi sao tac gia khong c6 cac mau khong ngam hoa chét dé thi nghiém cuong do ¢ cac mdc thoi gian
nay lam so sanh doi chirng?

3/ Giai thich rd hon cac co ché lam tang giam cudng do, khdi lirgng mau bé tong geopolymer khi ngdm céc
acid nhu da thuc hién? Co thé tra 101 bang cach thém vao ndi dung ludn van sau khi bao vé.



I11. PANH GIA

TT Muc danh gia Panh gia
Pat Khoéng
dat
1 |Tinh khoa hoc, r6 rang, mach lac, khic chiét trong luan van X
2 |Panh gia viéc sir dung hodc trich dan két qua NC cua ngudi khac c¢6 dung qui X
dinh hién hanh cua phap luat s¢ hiru tri tué
3 |Muc tiéu nghién cuu, phuong phap nghién ctru st dung trong LVTN X
4 |Téng quan cua dé tai X
5 |Panh gia vé ndi dung & chét luong ciia LVTN X
6 |Panh gia vé kha nang tmg dung, gia tri thyuc tién cua dé tai X

Ddnh ddu chéo (x) vao 6 muén DPdnh gid
I1I. KET LUAN
(Giang vién phan bién ghi ro y kién “Tdn thanh lugn vin" hay “Khong tan thanh ludn vin”)
Tén thanh ludn vin, sau khi chinh sira theo cac gop ¥ ctia 2 PB va Hoi dong
TP.HCM, ngay 21 thang 7 nam 2019
Nguwoi nhin xét

(Ky & ghi 10 ho tén)

/

TS.Pham Durc Thién




BO GIAO DUC VA PAO TAO
TRUONG PAI HQOC SU PHAM KY THUAT
THANH PHO HO CHI MINH

HCMUfE
PHIEU NHAN XET LUAN VAN THAC SY
(Danh cho gidng vién phan bién)

Tén dé tai ludn van thac s§: Nghién clru tang cudong kha nang chdng dn mon trong mai truong axit cho bé
tong Geopolymer bang silicafume

Tén tac gia: TRUONG THANH HUNG MSHYV: 1780817
Nganh: K¥ thuat xay dung cong trinh dan dung va cong nghiép Khéa: 2017
Pinh huéng: Ung dung

Ho va tén nguoi phin bién: TS.Nguyén Dinh Hung

Co quan cong tac: Dai hoc Québc té

Dién thoai lién hé: 0698069559

I. Y KIEN NHAN XET
1. V& hinh thire & két ciu ludn vin:

Luan vin voi két cdu 5 chuorng gom tong quan, co so ly thuyét nguyén vit liéu va phuong phap thi nghi¢m,
két qua thi nghiém va danh gia, va két luan. Két ciu luan van phu hop vdi yéu ciu cua ludn vin thac sy.

2.Vé ndi dung:
2.1. Nhdn xét vé tinh khoa hoc, ré rang, mach lac, khiic chiét trong lugn vin

Téc gia da tiép thu kién thirc co ban vé céc loai an mon bé téng, cac giai phap chong an mon cho bé tong xi
mang, va cac kién thirc vé bé tong goepolymer. Cac nguyén vt liéu duge danh gia va phan tich dé str dung,
qua trinh thuc hién thi nghi¢m bé tong geopolymer rit bai ban, c6 chét luong va do tin cdy cao. Trong do,
cap phm bé tong geopolymer dbi chirng c6 tro bay duoc thay thé boi silica fume 5%, 10%, 15%, 20% va
25%. Két qua chi ra rang, khi thay thé tro bay bang 10% silica fume, thi cho két qua t6i wu hon. Cac cip
ph01 bé tdng geopolymer ciing duge ngdm trong moi truong an mon axit HCL va H2S04 véi nong do 5%
dén 10%. Két qua cho thiy cuong do bé tong geopolymer giam it nhat va lam ting kha ning chong in mon
khi ham lugng tro bay dugc thay thé trong khoang 5% dén 10%.

2.2. Nhén xét danh gid viéc str dung hodc trich dan két qua NC ciia ngwei khdc c6 diing qui dinh
hién hanh ciia phdp ludt sé hivu tri tué

Céc trich din dam bao yéu cau.
2.3. Nhdn xét vé muc tiéu nghién ciru, phuwong phdap nghién ciru sir dung trong LVTN
Tac gia st dung phuong phap nghién ctru phan tich, so sanh va danh gia trong luan van la phu hop.
2.4. Nhgn xét Tong quan ciia dé tai
Luan van dat loai kha tro 1én
2.5. Nhdn xét ddnh gid vé ni dung & chdt lwong ctia LVTN
Noi dung ctia ludn van dap mg yéu cau cua luan vin thac sy.
2.6. Nhdn xét ddnh gid vé kha ndng vmg dung, gid tri thwc tién cia dé tai
Két qua ctia ludn van c6 tinh thyc tién, c6 thé ap dung dé tim két cdu phu hop.
2.7. Lugn vdn cén chinh siva, b6 sung nhitng néi dung gi (thiét sét va ton tai):
Chinh sira sau khi c6 ¥ kién cuia hoi dong bao vé
I. CAC VAN PE CAN LAM RO

(Cac cau hoi cua giang vién phan bién)



1. Anh hiy cho biét lugng mat mat cta bé tong geopolymer giam theo thoi gian nhung cudong do lai ting thi
co lop 1y khong?

I1I. PANH GIA
TT Muc danh gia Panh gia
Dat Khong
dat

1 |Tinh khoa hoc, rd rang, mach lac, khic chiét trong luan van

2 |Panh gia viéc str dung hoic trich dan két qua NC cua ngudi khéc c6 dung qui

dinh hién hanh cua phap luat sé hiru tri tué

3 |Muc ti€u nghién ctru, phuong phap nghién ctru stir dung trong LVTN X

4 |Téng quan cua dé tai X

5 |Panh gia vé noi dung & chat luong cia LVTN X

6 |Panh gia vé kha nang tmg dung, gia tri thuc tién cia dé tai X

Ddnh ddu chéo (x) vao 6 muén Ddnh gid

I1I. KET LUAN

(Giang vién phan bién ghi ro y kién “Tdn thanh ludn van" hay “Khong tan thanh ludn van”)

Tan thanh luan van

TP.HCM, ngay 21 thang 7 nam 2019

Nguoi nhan xét
(Ky & ghi 6 ho tén)

-

1 Y
.,‘/I %J‘l I’,:_\'

L

TS.Nguyén Pinh Hiing




r
(Miu sH 2)

LY LICH KHOA HQC

(Diing cho nghién ciru sinh & hoc vién cao hoc)

L LY LICH SO LUQC:
Ho & tén: Truong Thanh Hing Gi6i tinh: Nam
Ngay, thing, ndm sinh: 04-7-1978 Noi sinh: T. An Gian
Qué quin: H.Chg Mdi, T. An Giang Dan tdc: Kinh
Chirc vy, don vj cong tic trude khi hoe tap, nghién ciru: Chuyén vién cia Ban Quan ly
&n diu twr xiy dyng va khu vuc phét trién d6 thj An Giang.
Chd & riéng hoic dia chi lién lac: s6 7D Lé Lai, phuong My Binh, Tp. Long Xuyén, tinh

An Giang.
Dié¢n thoai co quan: 02963.854494 Dién thoai nha riéng: 0918584972
Fax: 02963.854705 E-mail: Thanhhungbqlag@gmail.com
II. QUA TRINH DAO TAO:
1. Dai hoc:
H¢ dao tao: Tai chirc Thai gian dio tao tir nam 1997 dén nim 2002

Noi hoc (truomg, thanh phd): Trudmg Dai hoc Giao théng Vin tii co s& 11, Tp.Hd Chi Minh
Nganh hoc: Xdy dyng Ciu dudmg

Tén b 4n, ludn 4n hodc mén thi tét nghiép: Thiét ké cAu bé tong cét thép nhip gian don
Ngay & noi bao v¢ dd 4n, luin an hojc thi tét nghiép: Thang 12/2002, tai Trudmg Dai hoc
Giao thdng Vin tai co sa I, Tp. Hd Chi Minh.

Ngudi huéng din: Ngé Chau Phuong

2. Thac st:
H¢ dio tao: Chinh qui, Thai gian dio tao tir thang 10/2017 dén thang 4/2019
Noi hoc (trudng, thanh phé): Trudng Dai hoc Su pham Ky thuat thanh phé H8 Chi Minh
Nganh hoc: K§ thudt xiy dyng cong trinh din dung va cdng nghiép
Tén lufin vin: Nghién ciru ting cudmg kha nang chéng in mon trong méi trudng axit cho
bé tong Geopolymer bing silicafume
Ngdy & noi bdo v¢ ludn vin: Ngdy 21/7/2019 tai trudng Pai hoc Su pham Ky thuat thanh
phé Hb Chi Minh
Ngudi huéng din: PGS.TS. Phan Dirc Hung

5. Trinh d§ ngoai ngir (biét ngoai ngir gi, mirc d§): Anh Vin Bl

6. Hoc vj, hoc ham, chirc vy k thuit dugc chinh thirc cip; s bing, ngay & noi cip:

11. QUA TRINH CONG TAC CHUYEN MON KE TU KHI TOT NGHIEP DAI HQC:

Thoi gian Noi cong tic Cong viéc dam nhiém
Nim 2003 - Ban Quan ly dy 4n dau tu xay dyng va .
dén nay khu vyrc phit trién o thj An Giang_ Chuyén vién
IV. CAC CONG TRINH KHOA HQC PA CONG BO:
XAC NHAN CUA CO Ngay 12 thang 8 nim 2019
A0 GIAM e 8

Ngudi khai ky tén

%

{hvi.;w%, fronks "H"'?’_()

Crire Nlint Pete

Scanned with CamScanner



LOI CAM POAN

To6i cam doan day la cong trinh nghién ctru cua toi.

Céc sb liéu, két qua néu trong luan van 1a trung thuc va chua timg duoc ai

cdng bd trong bat ky cong trinh nao khac.
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TOM TAT

Luan vin 1a su ndi tiép cac cong trinh nghién ctu trude ddy va nham hiéu rd
hon vé mot vat liéu geopolymer xanh c6 dic tinh k¥ thuat rat tét, c6 kha nang chéng an
mon theo thai gian khi tiép xuc véi axit bang silicafume va mong mudn no sé 1 vat
liu phat trién manh mé& sau nay. Ngoai tinh than thién véi méi truong do khéng sir
dung xi ming dé lam nguyén vat liégu ma st dung cac phu pham cua nganh cong
nghiép nhu tro bay tir nha may nhiét dién. D& tai sir dung bdn cip phdi bé tong
geopolymer c6 ham lugng silicafume tir 0 dén 15%. Cac cap phdi bé tong Geopolymer
dugc dac vai kich thude 100x200mm, sau khi tinh dinh 48 gio sé dugc thao khudn va
dudng ho nhiét & 80°C trong 10 gid va tinh dinh trong 24 gid tiép theo. Cac mau dugc
do kich thuéc va can lay sé liéu ban dau trudc khi ngdm héa chat H,SO,, HCI véi nong
d6 lan luot 12 5% va 10%, nham thuc hién céc chi tiéu dé danh gia kha ning chéng an
mon theo thoi gian. Sau cac méc thoi gian 0 ngay (chura ngdm héa chat), 30 ngay, 60
ngay, 90 ngay, 120 ngay, ngdm mau véi hoa chat bé tong Geopolymer duoc lay ra do
lai kich thudc, can xac dinh khéi lugng va nén dé xac dinh cudng do chiu nén cia mau

theo thoi gian tiép xdc céac loai dung dich hda chat gay an mon.

Cuong do chiu nén cua bé tong geopolymer ham lwong tr 5 dén 15%
silicafume thay thé tro bay déu c6 khuynh hudng ting trong cac dung dich axit H,SO,
5%, H,SO, 10%, HCI 5%, HCI 10%. Két qua thi nghiém sau 90 ngay ngam mau cho
thiy kha ning duy tri cuong do chiu nén cao hon so véi bé tdng geopolymer théng
thuong va khéi luong cua miu bé tong geopolymer ham luong tr 5 dén 15%
silicafume thay thé tro bay khi ngam trong céc dung dich trén déu c6 khuynh hudng
giam it hon, diéu nay cho thay bé tdng geopolymer sir dung ham lugng silicafume thay
thé tro bay hinh thanh dya trén qué trinh geopolymer hda tao ra cac san pham kho bj
tac dong boi hda chat. Trong cac két qua nghién ctu, chi c6 bé tdng geopolymer sir
dung 10% ham luong silicafume dat cuong d6 va kha nang chéng an mon tt hon. Két
qua nghién cau nay rat phu hop cho cac cong trinh 1am viéc trong diéu kién khic
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nghiét nhu 6ng céng, éng nudc thai cdng — ndng nghiép, bé chaa hda chat, nha may

san xuat phan bon.
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ABSTRACT

The current thesis is a continuation of previous studies and aims to better the
understanding of a green geopolymer material with good technical properties, good
corrosion resistance over time when being exposed to acid by silicafume and it is also
expected to be a well-perfomed material in the future. In addition to being
environmentally friendly and not using cement to make materials, instead industrial
by-products such as fly ash from a thermal power plant are used. The topic uses four
levels of geopolymer concrete with silicafume content containing from 0 to 15%.
Geopolymer concrete mixtures are molded in 100x200mm dimensions, and after 48
hours static, the mold will be removed and thermally cured at 80°C for 10 hours and
fixed for the next 24 hours. Samples were measured in size and weighed to take the
initial data before soaking H,SO,4, HCI with concentrations of 5% and 10%, in order to
carry out the criteria to evaluate the corrosion resistance over time. After the timetines
of 0-day (not soaked with chemicals), 30 days, 60 days, 90 days, 120 days, soaking
samples with Geopolymer concrete chemicals were re-measured, weighed and
compressed to identify the compressive strength of the sample over the time of

contacting with corrosive chemical solutions.

The compressive strength of geopolymer concrete from 5 to 15% silicafume
substitutes for fly ash all tends to increase in 5% H,SO,, 10% H,SO,, 5% HCI, 10%
HCI. Experimental results after 90 days of immersion show that the ability to maintain
compressive strength is higher than that of conventional geopolymer concrete and the
volume of geopolymer concrete samples containing from 5 to 15% of silicafume
replacing fly ash when soaking all of these solutions tend to decrease less, suggesting
that geopolymer concrete uses silicafume substitutes for fly ash based on
geopolymerization to produce products that are difficult to be affected by chemicals. In
the results of the study, only geopolymer concrete using 10% of the silica content

achieves the best strength and corrosion resistance. The results of this study is very
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suitable for works in harsh conditions such as sewer pipes, industrial - agricultural

waste water pipes, chemical storage tanks, fertilizer production plants.
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Chuong 1: TONG QUAN
1.1. Swcan thiét cia dé tai nghién ciu

Trong su nghiép cong nghiép hda hién dai hoa dat nuée, nganh xay dung
ngay cang phat trién nhanh 1am cho nhu cau st dung xi ming lam chat két dinh rat
I6n, tuy nhién qua trinh san xuat xi mang s& tiéu tén ngudn tai nguyén thién nhién
va gay 6 nhidm méi truong. Van dé dit ra 1am thé nao dé c6 mot san pham bé tong
st dung vat liéu xanh, than thién véi méi truong, giam tdi da luong khi thai CO,

vao khi quyén.
1.1.1. Anh hwéng méi truong

Hién nay, ca nude cd khoang 13 nha may xi mang 10 quay, 54 nha may xi
ming 10 dimg voi tong cong sudt thiét ké khoang 23 triéu tin/nam. San luong xi
ming hién nay van con thiéu, hing nim nudc ta van phai nhap khau khoang 4 triéu
tan clinker. Pé giam luong clinker nhap khau, tién toi san xuat di luong xi ming
dap ung nhu cau sir dung, ngoai viéc xay dung thém cic nha may xi miang moi thi
viéc nghién ctru cac ngudn phu gia khoang (PGK) cho san xuét, nang cao san lugng
va chat luong xi mang & Viét Nam 1a hét stc can thiét. Theo bang thong ké tinh
hinh tiéu thu lugng xi mang 16n udc tinh vao nam 2020 nudc ta tiéu thu khoang 95
triéu tdn/nam. Theo tinh todn dé san xuét ra mot tin xi mang thi nha may s& thai ra
moi trudng xap xi mot tin khi CO, sau nhitng cong doan nung nguyén liéu, khi nay
gdy hiéu tng nha kinh goép phan lam trai dat nong lén. Khi CO, thai ra tir cong
nghiép san xuit xi mang chiém khoang 7% lugng CO, trén toan thé gisi. Khéng chi
thé, day con quy trinh san xuét 1ang phi nhién liéu va niang luong déng ké dé san
Xuit 1 tan xi-ming sé& tiéu hao 100kw gio dién. Qua trinh nung nguyén liéu véi
nhiét do cao sé sir dung than da 1a chii yéu - 12 loai nhién liéu hoa thach c6 hai voéi
mdi truong. Nhiét d6 caa khi thai & mac kha cao 250-370°C ty thugc tirng cong

doan, nhung d6 1a lugng nhiét khong dugc tan dung .



Bén canh d6 Viét Nam c6 20 du 4n nha may nhi¢t dién than dang hoat dong
v6i tong cong suat 14.675 MW, tiéu thu khoang 40 triéu tan than/nam. Nhiéu van
dé moi truong trong qua trinh xay dung va van hanh nha mdy nhiét dién than nhu
bui, khi thai (CO, NOx, SOx...), nudc lam mét ¢ nhiét do dau ra cao hon dau vao

khoang 7°C, anh hudng dang ké téi hé sinh thai.

Cu thé, véi 20 nha may nhiét dién (NMND) than dang van hanh co6 tong
cong suét khoang 14.675 MW, lugng nhién li¢u ti€éu thu khoang 40 tri¢u tan
than/ndm s& phat sinh luogng tro, xi thai khoang 15,8 triéu tin (trong d6 khoang 80-
85% tro bay va 15-20% xi day 10). Theo thong ké, nam 2016 tong lugng tro, xi phat
sinh vao khoang hon 15,7 tri¢u tAn/nam. Téng luong tro, xi, thach cao thai ra tur cac
nha may nhiét di€n mai ti€u thy duge khoang 25-30% téng lugng thai ra. Viéc luu
trit tro, xi tai bai thai c6 thé gay ra cac tic dong téi moi truong nhu ro ri nude tir bii
thai xi, chiém dién tich 1on dé luu gifr, dé phat tan bui kich thudc nhd, cac thanh

phan trong tro, xi ¢6 thé gay 6 nhiém nudc mit, nude ngam...[2]



Nhu vay tinh dén nam 2023, Viét Nam s& c6 43 nha may nhiét dién, tiéu thu
khoang 110 triéu tan than va thai ra khoang 29 triéu tan tro xi/nam, luong tro xi thai
ra mot phan nam lai dudi 10, nhirng hat rat nho bi cudn theo khi tir nhitng dng nha
may thai ra méi truong mot lwong rat 16n. Theo tinh toan cac nha may xi méng c6
thé tiéu thy khoang 2-3 triéu tan tro bay/nam, cic cong trinh bé tong dam lin c6 thé
sir dung 01 tridu tin tro bay/ nim; cac don vi san xuat vat liéu xay khéng nung
(VLXKN) ciing ¢6 thé sir dung 01 triéu tan va cing cac nhu cau khac, dam bao tiéu
thu 6-8 triéu tan trong sé 11 triéu tan tro bay mdi nam hién nay. Xét vé tiém ning,
trong vong tir 3-5 nam t&i cac don vi trong nude ¢6 kha nang sir dung toi thiéu 5-6
triéu tan tro bay/nam lam VLXD, tuy nhién con sb nay rat thap so véi 29 triéu tan
thai ra tir cac nha may nhiét dién tinh dén nam 2023. Nhu vay, véi nhu cau sir dung
nhu trén thi lugng tro xi thai ra & cic NMND ngay cang nhiéu gay un &, & nhidm

mai truong, anh huang cudc sdng con nguoi.

- L
i

Hinh 1.2 Khi thdi tir cac nha may nhiét dién than gay 6 nhiém méi truong [2]

Tru6c tinh hinh giam thiéu 6 nhiém moéi trudng tir viéc san Xuit xi mang va
sir dung c&c phé pham tir nha may nhiét dién, cac nha nghién ciru da tim ra dwoc
mét loai chat két dinh khac thay thé xi miang Porland trong bé tong truyén thong d6

Ia Geopolymer.



1.1.2. Bé tbng geopolymer:

Bé tdng Geopolymer 1a loai bé tdng khdng st dung chét két dinh xi mang
Porland ma sir dung chat két dinh kiém hoat hoa (chat két dinh geopolymer) véi cac
loai vt liéu c6 chira ham lwong 16n hop chit silic va nhdm.

Geopolymer 14 loai vat liéu két dinh polymer v6 co téng hop tir vat lidu co
ngudn gdc aluminosilicate, duwoc phat trién dau tién nhd nha khoa hoc ngudi Phap
J.Davidovits tir nhirng nam 1970 . Phan (rng Geopolymer hoa la mét phan trng héa
hoc dién ra giira cac oxit cia nhém va silic véi dung dich c6 tinh kiém manh dé tao
ra cac mach c6 céu tric ba chiéu rin chic chira cac lién két Si-O-Al. Phan ung
geopolymer héa dién ra dudi ap suat khi quyén & nhiét do dudi 100°C. San pham
geopolymer cudi cing duoc tao ra s& duoc dic trung bai nhiéu yéu té lién quan dén
thanh phan hoa hoc ciia cac nguyén liéu va dung dich kiém kich hoat.

Bé tong Geopolymer di va dang duoc nghién ctiu rong rdi va cho thay kha
nang 13 vat liéu xanh dé thay thé bé tong xi ming, do bé tong geopolymer vira co

c4c tinh chat k¥ thuat tét, giam kha ning gay hiéu ang nha kinh.

Viéc sir dung bé tong truyén thong ciing nhu bé tdng Geopolymer diéu bi hu
hong, mot trong nhitng yéu té gay hu hong cong trinh trong qua trinh sir dung 12 bi
an mon.

1.1.3 An mon bé tong

Bé tong xi mang sau khi da cing ran bao gom hai thanh phan: P4 xi mang va
bo khung cét liéu. Hai thanh phan nay lién két véi nhau tao thanh mot khéi viing
chic va c6 kha nang chiu lyc. Khi bé tong sir dung trong mdi trudng co tac dong
xam thuc, néu khéng cé nhitng bién phap bao vé nd s& bi an mon. Trudc hét 1a
thanh phan da xi ming bi pha hoai vi n6 d& bj an mon hon cét liéu. Khi d4 xi ming
bi an mon thi lién két gitra d4 xi mang vai cot lidu cling bi pha hoai va cubi cling bé

tong bi pha huy.



Bé tdng bi an mon va pha hoai trong nhiéu moi truong khac nhau nhu moi
truong ran, 16ng, khi, trong d6 mdi truong long nhu nude thai ban, nude thai cua
cac nha may, tap doan va xi nghiép cdng nghiép, nudc bién, dat nhiém phén chua

rat pho bién.

Trong nudc thai ban ¢d nhiéu abumin do xac stc vat chét, théi rira, thire dn
thira, nhiéu hop chat hitu co, V0 co ¢ chtra lwu huynh, mot loai vi sinh yém khi
phan huy chung, chi sau mot dém bién thanh hydro sulfua (H,S), sau vai gio boc
lén khong khi. H,S 1a khi c6 kha nang 6xy hoé rat manh. Trong dudng ong chira
nuée thai duge ché tao bang xi mang Portland, khi H,S bdc Ién ngung tu vao bé
téng va bi 6xy hoé bién thanh acid H,SO,. Acid lam mun bé téng, roi xudng thanh
bun. [3]

Theo sb liéu cua thé gidi, voi nong do H,SO, tir 80-300 phan triéu, sau 7
nam, bé tong xi mang Portland bi pha huy 5cm [3]. Khi 16p x&m thuc tién dén 16p
cdt thép phia trong bé tong, 16p cbt thép nhanh chong bi phéa huy, va bé tong bi sap,

do, vo.

Hinh 1.3 An mon bé téng cot thép [4]
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Trong mdi trudng bién bé téng bi an mon, hu hong nang hoac bi phéa hay chi
sau 10 — 30 nam sir dung. Hau hét cac két cau nay trong qua trinh 1am viéc déu tiép
xUc véi moi trudng khong khi va nude bién, giira vat liéu va moi truong ludn xay ra
cac tac dong qua lai va ban than bé téng ludn thay doi trang thai cau tric.

Tac dong xam thuc ciia moi trudng bién téi do bén cong trinh bé tong va bé
téng cdt thép: Qua trinh cacbonat hoa lam giam ndéng d6 pH cua bé tdng theo thoi
gian, 1am v& mang thu dong co tac dung bao vé cbt thép, diy nhanh qué trinh in
mon cét thép dan dén pha huay két cau; qué trinh dn mon sunfat do viéc tham ion
SO4* vao bé tong, tuong tac véi cac san phim thay hoa cua xi ming tao ra khoang
Ettringit truong né thé tich gay pha hay két cau; qua trinh khuéch tan oxy, ion CI°
va hoi 4m vao bé tong trong diéu kién nhiét do khong khi cao; qua trinh dn mon

sinh vat, an mon co hoc do séng, an moi ria troi.

Dé bé tdng bén vimg trong moi trudng xam thuc cin c6 nhitng giai phap

dam bao tinh on dinh, 1au dai cho cong trinh .

1.1.4. Céc giai phap chong in mon bé tong

Str dung chat tao mang nhu Urethan, Neopren, Epoxy mat ngoai cong trinh
dé bao vé két cau bé téng khdng cho xam thuyc.

Str dung xi ming bén sunfat bang cach han ché thanh phan khoang C;A
trong xi mang.

Str dung phu gia chira SiO, cao (Silicafume) 1a loai phu pham céng nghiép,
giam hiéu (mg nha kinh, ting cau tric dic chac bé tdng, ngin can sy khuéch tan cac
ion xam nhap, lap day 15 rdng, chéng tac nhan xam thyuc gy an mon bé tong.

Céc giai phap chong dn mon trén, thi giai phap sir dung phu gia Silicafum cé
nhirng tinh chat sau:

Silicafume (hay muoi silic) 1a san pham phu cua céng nghiép luyén kim
(cdng nghé san xut silic va hop chét silic) . Muoi silic co kich thudc rat nho tir 0,1
dén vai um, n6 c6 kha ning xam nhap vao moi khoang tréng dé lap day giira cac
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hat xi mang va lam tang mat do ciing nhu ngin nudc cho bé tong, cai thien mot sb
tinh chat cho bé téng nhu:

- Bao vé bé tong chéng dn mon

- Tang d6 climg va dic chic bé tong

- Tang cudng do chiu nén, cudong do udn va do dong nhat tét

- Chdng lai su thay d6i thé tich tot

Silicafume 1a loai san pham phu gia bén Sunfat, khang axit, chéng an mon
Clorua. Bé tong xi ming truyén théng dap ing dugc cac yéu cau ty nhién, tuy nhién
trong mdi treong axit chat két dinh cua bé téng truyén théng bi phan huy do d6 viéc
st dung Silicafume 1a dé bao vé bé téng khdng bi an mon, kéo dai tudi tho st dung
bé tong. [5]

Viéc nghién ciu chéng an mon bé tong geopolymer dé dua vao tng dung
trong thuc tién, di c6 nhiéu nghién ctu trén thé gigi va trong nudc vé bé tong
geopolymer, vé co ché an mon, vé phu gia silicafume.

1.2 Tinh hinh nghién ciu
2.1.1. Nghién cieu trén thé giéi

J.Davidovits, di nghién xi mang polymer bang céch két hop nguyén lidu sét
vén duoc cau tao chu yéu tir dioxit silic, oxit nhém va dung dich kiém hoat tinh cao,
tao thanh chat két dinh vo co méi c6 kha nang déng ran nhanh va cho cuong do ban
dau rat tét. [6]

D.Hardjito va B.V.Rangan, da nghién citu vé qua trinh phat trién va nhiing
dic tinh cua bé téng Geopolymer sir dung tro bay c6 ham luong canxi thap. Két qua
cho thay bé tong Geopolymer c6 cudng do nén tot, it co ngot, khang sunfat va axit,
chi phi san xuit 2,5m* bé tdng Geopolymer str dung khoang 01 tin tro bay r& hon
so véi chi phi 01 tan xi mang portland va dugc sir dung trong nhiéu (ng dung co s
ha tang. [7]


http://vikhanh.com.vn/

H.Kamarudin va cong su, da nghién ciru co ché va phan ang héa hoc cua tro
bay va dung dich kiém hoat hoa dé tao ra xi ming Goepolymer gdm 3 budc giai
thé, dinh huéng va 1am ctng, tir d6 danh gia mot budce quan trong cho viéc thay thé
xi ming trong san xuat nganh cdng nghé gém.[8]

L.Krishnan va cong su, da nghién ctu bé tdng Geopolymer la san phiam
than thién véi moi trudng. Két qua nghién ciru cho thay bé téng van ting cuong do
trong 24 gio & nhiét do moi trudng ma khodng can bao dudng nuée.[9]

B.V.Rangan, di nghién ctu bé tdng Geopolymer bao vé moéi truong. Két qua
nghién ciru bé tong c6 cuong dd chiu nén tét va mat khéi luong khoang 3% khi
ngam trong axit sunfuaric vaoi nong do 2%, 1%, 0,5% sau thoi gian 01 nam .[10]

D.Hardjito, da nghién ctiu bé tdng Geopolymer sir dung tro bay, cho thay
thoi gian dong ran dé tang cuong do6 nhanh hon bé tong thudng, cac tinh chat dan
hoi cua bé téng goc tro bay cung, modun dan hdi, ty 1& poisson, dd bén kéo gian
tiép twong ty nhu bé tdng xi mang thong thuong .[11]

A Allahverdi va F.Skvara da trinh bay co ché dn mon cua axit sulfuric ddi
véi vita Geopolymer ciing nhu kha ning chdng dn mon cia vira Geopolymer khi

chiu tac dung cua axit & ndng do cao va nong do thap.[12]

X.J.Song va cong su, da nghién ctru bé tdng Geopolymer st dung tro bay khi
duoc ngam trong axit Sunfuric 10% trong thoi gian 56 ngay diéu kién bao dudng &
nhiét do 23 hoic 70°C, cho két qua mit khdi lugng dudi 3%, ciu tric bé tdng con

nguyén ven dam bao kha nang chiu tai [13]

1.2.2 Nghién ciru trong nwéc
O Viét nam, tir nhitng nam 2008 da c6 nhiéu dé tai khoa hoc nghién ciu va
ung dung cdng nghé geopolymer nay. Mét trong nhitng thanh tuu d6 1a xac dinh

duoc do bén cua bé tong geopolymer trong mdi truong xam thuc.



Nguyén Vin Diing, 3 nghién citu ché tao bé tong Geopolymer tir tro bay va
cac yéu t6 anh huong dén cuong d6 cua bé tdng geopolymer nhu mé dun silicat,

nhiét do, thoi gian dudng hd va luong nudc tron.[14]

Phan Pic Hung va L& Anh Tuin, dd nghién ctu anh hudng cua soi
polypropylene va silicafume dén cudng d6 chiu nén cia bé téng. Viéc sir dung
silicafume thay thé 5-10% khdi lugng xi ming giup cai thién cuong do chiu nén cua
bé tong va st dung két hop silicafume véi ham luong soi polypropylene ciing cho

cudng do chiu nén cao hon mau déi chimg .[15]

Pinh Anh Tuan va Nguyén Manh Trudng da nghién ctiu thuc trang an mon
va pha huy cac cong trinh bé téng cét thép bao vé bo bién ¢ Viét Nam cao hon
nhiéu nuéc trén thé giéi do nhiét do, do am khong khi cao, thoi gian am uét 1on,
nong dd mudi CI™ cao, nuéc va cot licu co nhidm man. dé xuat cac cong nghé chong
an mon nhu khir mudi, tai kiém, bom ép xi mang, phun kho bé tong.[16]

Phan Puc Hung di nghién ciu xac dinh do bén cua bé tong geopolymer
trong cac moi truong xam thuc. Két qua cho thay kha niang duy tri cuong do chiu
nén cua bé tong geopolymer trong 3 loai hoa chat NaCl, Na,SO, HCI ¢6 nong do
10%, khéi lwong mau ting nhe sau 24 tuan ngdm mau trong dung dich Na,SO, va
giam trong dung dich dong HCI. Bé tdng geopolymer c6 thé lam viéc tét trong moi
truong ton tai hda chat vi c6 kha niang khang xam thuc cao .[17]

1.3 Nhan xét tinh hinh nghién cau

Cac bai viét, bai bao va bao cao nghién cau khoa hoc da trinh bay chi tiét va
day du vé bé tong geopolymer. Qua d6 c6 thé hiéu rd hon vé vat liéu méi than thién
v6i moi trudng, co ché phan tng geopolymer hoa tir cac nguyén liéu giau oxit silic,
oxit nhém (Tro bay...) va dung dich kiém hoat hoa, qué trinh an mon bé téng trong

moi truong xam thyc, phu gia Silicafume .

Tuy nhién, hién vin chua c6 nghién citu nao trinh bay rd vé viéc ting cuong

kha ning chong an mon bé téng geopolymer trong moi trudng axit bang Silicafume.
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1.4 N§i dung caa dé tai nghién ciru

Dé tai “Nghién ctu ting cwong kha ning chéng in mon trong méi
trwong axit cho bé tdng geopolymer bing silicafume” di va dang tiép ndi qué
trinh nghién ciru vé vat lidu bé tong geopolymer dé tao ra san pham xanh than thién
moi trudng va c¢d kha ning chdng lai tac nhan gay n mon.

Noi dung cia dé tai 1a nghién ctu vé kha ning chéng an mon bé tong
goepolymer trong méi trudng axit bang silica fume. Qua d6 c6 thé van dung vao
cac cong trinh thyc té cta san pham nay nhu duong 6ng, bé chtra dau khi, dudng
6ng xtr 1y nudce thai, nha may san xuat phan bon, hé thong xir Iy nuéc thai cong —

ndng nghiép, bé chira hda chit. ..

1.5 Muc tiéu nghién cau
Nghién ctiu ting cuong kha nang chéng ian mon theo thoi gian trong cac moi
truong axit HCI, H,SO, cho bé tdng geopolymer bang silicafume.

1.6 Nhiém vu nghién ciru

Xac dinh tinh chat ki thuat caa silicafume trong thanh phan chinh cua cap
phdi bé tbng geopolymer,

Xac dinh thanh phan cap phéi bé téng geopolymer dbi chang, thanh phan
cap phéi bé tbng geopolymer c6 ham lugng silica fume thay thé tro bay.

Xac dinh kha nang chdng an mon theo thoi gian trong méi truong axit HC,
H,S0O, cho bé tdng geopolymer khi thay thé ham lwong silicafume vai tro bay.

V& biéu do so sanh, danh gia vé cuong do chiu nén va kha niang chéng an
mon theo thoi gian trong moéi treong axit HCI, H,SO,4 cho bé tdng geopolymer khi
thay thé ham luong silicafume véi tro bay so véi bé tong geopolymer ddi ching.

V& biéu dd so sanh, danh gia vé& cudng do chiu nén va mirc d6 dn mon theo

thoi gian trong hai méi trwong axit HCI, H,SO, véi nong do cao cho bé tong
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geopolymer dbi ching va bé tong geopolymer c6 ham luong silicafume thay thé tro

bay & muc tét nhat.

1.7 Phwong phap nghién ctru

Nghién ctru két hop gitta ly thuyét va thi nghiém.
1.8 Y nghia khoa hoc va thuc tién cia dé tai nghién ciru

Pé tai nghién ctu nham bd sung va hoan chinh thém kién thac ly thuyét,
thuc nghiém vé bé tdng geopolymer. Bén canh d6 con tim hiéu céc tac nhan gay ra
an mon dé co bién phap xt ly ting cuong kha ning chéng an mon, nham tao diéu
kién 1am viéc tét nhat cho bé tdng geopolymer.

Két qua nghién ctru 1a céc san pham xay dung gdp phan lam giam thiéu tri
lugng phé thai céng nghiép, tiét kiém tai nguyén thién nhién, bao vé méi truong va

giam dang ké hiéu &ng nha kinh.
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Chwong 2: COSOLY THUYET

Dua trén co so ly thuyét vé bé tdng geopolymer sir dung nguyén liéu giau
oxit silic, oxit nhém (Tro bay) va dung dich kiém hoat h6a. Trén co s& d6 xem xét
qué trinh geopolymer héa, co ché va tac nhan gay in mon chu yéu dbi véi san pham

nay dé cd giai phap sir dung loai phu gia cho phu hop.
2.1. Tro bay

Tro bay (Fly Ash) Ia phan hat min thu duoc trong qué trinh dét than kho
dang bot trong cac nha may nhiét dién. Than dugc dich chuyén téi ving c6 nhiét o
cao lam néng chay céc chit trong thanh phan than, sau d6 duoc chuyén sang ving
c6 nhiét d6 thap hon rdi bi dong ran thanh cac hat c6 dang hinh cau. Mot vai
khoang dugc tich tu thanh tro nam dudi day, nhung phan 16n diéu theo dong khi
thoat ra ngoai theo ong khoi sau d6 duoc gom lai bang thiét bi loc bui tinh dién.
Thai pham nay dung dé ché tao bé tong cuong do cao. Hat c6 dang hinh cau, kich
thudc tir 1-100pum, nhung phan 16n diéu nho hon 20um.

Thanh phan héa va khoang cua tro bay dugc tao nén béi nhiéu thanh phan
khong ddng nhat ton tai ¢ hai dang: vo dinh hinh va két tinh. Theo tiéu chuan
ASTM C618-94a [18], tro bay dugc phan thanh 3 loai sau:

Loai N: do cac chat bun, da phién sét bi dét chay tao thanh.

Loai F: 1a san pham cua qué trinh d6t chay than bitum va than anthracite
trong nha may nhiét dién, c6 ham luong than chua chay tir 2 — 10%. Tro bay loai
nay cd tinh chat gan gidng puzzoland (phu gia thiy vo co hoat tinh). Ham lugng
CaO trong loai nay thuong nho hon 10%.

Loai C: c6 tinh chat gan giéng nhu trong bay class F nhung 1a san pham thu

duoc tir viéc than non (lignit) bi dot chdy, ham luong than chua chay thuong it hon

12



2%. Ham luong CaO trong loai nay thuong 16n hon 10%. Loai tro bay nay chat
lwong cao nhung kho san xuat.

Bang 2.1 Thanh phan chinh cua tro bay theo ASTM C618-94a

Thanh phr:in hoa hoc (%) Loai N Loai F Loai C
Min (SiO; + Al,O3 + Fe,03) 70 70 50
Max SO3 4 5 5
Max (lugng mat khi nung) 10 6 6
Max (CaO) 5 10 30

Tro bay dung cho thi nghiém dugc lay tir cac co sé thu gom & cac nha may
nhiét dién hodc cac co sé d6t than da. Vit liéu dugc chia nho ra vao céc tdi nilon va

cét gitr vao thing chira ngan nap hop 1y dé thuan tién cho qua trinh st dung.

Pé bao dam chat luong va cac chi tiéu co hda ly caa tro bay, can phai bao

quan can than tranh tiép xdc truc tiép véi anh nang mit troi va noi 4m wét, noi c6

d6 am cao.
Bang 2.2 Thanh phan vat ly cua tro bay dia phuong
Thanh phén Khoi Ham lugng | Chi s6 hoat | Chi sb hoat Luong mét
vat ly thi lugng lot sang | tinh cuong | tinh cuong | sau khi
nghiém riéng 0.05mm | 36 sau28 do sau 7 nung (g)
(g/cm3) (%) ngay (%) | ngay (%)
Tro bay
2.4 935 90.7 79.6 1.0
Formosa
Tro bay Pha
o 2.74 88.0 85.0 78.5 4.76
ai
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Tro bay dia phuong c6 cac thanh phan héa hoc nhu sau

Bang 2.3 Thanh phan héa hoc cua tro bay loai F [17]

Thanh phan _ K,0 +
i SiO, A|203 Fe,O;| CaO MgO SO; MKN(*)
hoa hoc Na,O

%khoilwong | 51.7 | 319 | 348 | 1.21 | 1.02 | 0.81 | 0.25 9.63

(*) MKN : mdt khi nung

Trong qué trinh hydrat hda tro bay thi tro bay sé tac dung véi Canxi hidroxit
tao ra Canxi Silicat va Canxi aluminat, do d6 giam di hién twong tham Canxi
hidroxit (Ca(OH),) vao trong bé tong va ting kha ning chong thim bé tong, cai

thién duoc chét luong bé tong.

2.2. Dung dich hoat hoa (Alkaline)

Dung dich hoat hda con goi 1a dung dich Alkaline 1a su két hop gitta sodium
hydroxide (NaOH) va sodium silicate (Na,SiOs3), duoc st dung trong qua trinh
Polymer hoa 1a sy két hop cua cac dung dich Natri hydroxit (NaOH) hay Kali
hydroxit (KOH) véi thay tinh long (R,.nSiO) (R la Nathin=25-3,2 néu R 1a K
thin=3-4).

Phan (ing Alkaline 1a phan ung giira chat kiém vai cot liéu. Trong do, tro
bay, dung dich sodium hydroxit, sodium silicat dong vai tro rat quan trong dé tao
qué trinh geopolymer hoa.

2.2.1 Dung dich sodium hydroxit (NaOH)

Dung dich sodium hydroxit 1a dung dich NaOH sir dung lam chat hoat héa
kiém pha vai dung dich thay tinh long Natri silicat (Na,SiO3) hoic Kali silicat
(K5Si03). Hon hop nay phan &ng véi tro bay 1am tan rd céc thanh phan khoéang cua

tro bay.
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I** va Si*" trong dung dich Natri

Qué trinh phan wng ching tach ion A
hydroxit (NaOH) ciing nhu dung dich KOH. Do d6 dung dich kiém khir Nhdm va
Silic trong cac hat tro bay tir d6 quyét dinh cudng d6 ciing nhu d6 cing cua

Geopolymer, gilp tang toc d6 phan @ng va l1am gel tao ra s& déo hon.

Dung dich sodium hydroxit NaOH, d6 tinh khiét can phai dat muc trén 90%.
Y&u cau can phai xac dinh trudc ndong d6 dung dich can thiét dé tir d6 pha trén dung
dich véi nong d6 Mol ding nhét tir cdng thic xac dinh nong d6 Mol, tir d6 suy ra
duoc khéi lwgng NaOH khan can pha tron vao dung dich.

C., xM %V, x100
NaOH 1000 P

Trong d6

- Mpyaon 12 khéi lugng NaOH khan can cho vao

M la khéi luong Mol cia NaOH (M=40)

Vgq 12 thé tich dung dich can phatron

P 12 d6 tinh khiét cua dung dich NaOH lay bang 99%

2.2.2 Dung dich Sodium Silicate (Na,SiO3)

Dung dich thay tinh long (Na,SiO3) 1a dung dich c6 mau trang duc, c6 dic
tinh sét, sanh, dé dang hoa tan trong nuéc. Thuy tinh long 1a mot dung dich c6 kha
nang tac dung véi nhiéu chat ¢ dang ran, long, khi. Thay tinh long dé bi cac axit
phan huy ngay ca carbonic acid va tach ra két tia keo dong tu silicic acid.

Dung dich Na,SiO; dong vai tro quan trong trong qua trinh phan ung
Geopolymer. Téc do xay ra phan wng cao khi dung dich kiém kich hoat chira cac
ion silicat hoa tan trong dung dich. Dung dich thay tinh long trong dung dich kiém

kich hoat sé giup qua trinh tan rd cc hat tro bay xay ra nhanh hon.
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2.3. Nwoc pha dung dich NaOH

Nudc dung pha lodng NaOH khan phai dam bao khéng cht:a cac thanh phén
hoa hoc tap chat dé khoéng anh huéng xau dén thoi gian dong ran cua bé tong
Geopolymer va phai dap ung cac chi tiéu theo TCVN 4506:2012 [19].

2.4. Qua trinh Geopolymer hoa
Davidovits (1978) da dung thuat ngit Geopolymer dé gigi thiéu loai polymer

méi duogc tong hop tir cac khoang vat thuoc Aluminoilicate. Thanh phan chu yéu

4 - -2+ 3+ \ 2 z ;‘\ ;’\ \ 4 2
cua Geopolymer la cac nguyén to giau Si , Al va O c6 nguon goc tir khoang san
tu nhién (dat sét, cao lanh, da fenpat... ) hodc san pham tir san xuat (tro bay, xi 10
cao). Vit liéu Geopolymer khac véi vt liéu polymer thong thudng & cau triic mang

khong gian v6 dinh hinh.,

Céu trac vo dinh hinh ciia Geopolymer co ban duoc tao thanh tir ludi cau
trdc cua nhitng Alumino-Silico hay con goi la Poly-sialate (Sialate Ia viét tat cua
Silic-Oxy- Nhoém), cac cau ni -Si-O-Al- tao thanh cac bo khung khong gian viing

chic bén trong cau trdc. Khung Sialate bao gom nhiing ti dién SiO va AlO, duoc

+

, . . R 3 . , . + + + 2
noi xen ké véi nhau bang cac nguyén to Oxy. Nhitng ion duong (Na , K , Li Ca
2+ 4+ - . . . 3+
Ba ,NH , H3O ) phdi c6 trong khung dé can bang dién tich cua Al

Qua trinh tong hop dé tao thanh vat liu Geopolymer goi la qua trinh
Geopolymer héa cac nguyén vat liéu aluminosilicate ban dau nhd vao cac dung
dich hoat hda kiém. Qua trinh hoat hoa kiém cho céc vat liéu aluminosilicate 1a mot
qua trinh phtc tap va dén nay van chua duoc md ta mot cach rd rang. Cac budc
phan wng khong dién ra tuan ty ma dién ra cung lic va chong lap vao nhau. Do do,

rat kho phan biét ciing nhu khao sat cac budc phan (g mot céch riéng biét [20].

Phan tng hda hoc cua quéa trinh geopolymer dién ra theo 1 trong 2 céch sau:

[6]
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n(8i,0,.A1,0,)+2nSi0,+4nH,0+NaOH or KOH-> Na K+ n(OH),-Si-O-Al"-O-Si-(OH),
(S1-Al materials) |
(OH),

n(OH),-Si-0-Al"-O-Si-(OH), + NaOH or KOH > (Na+.K+)-(-Si-O-Al"-0-8i-O-) + 4nH,0 (OH),

.

O O O
Hinh 2.1 So d6 hinh thanh Geopolymer
Theo D.Hardjito, qué trinh phan @ng héa hoc tao thanh Geopolymer cé thé

dugc phan ra thanh cac budc chinh sau: [7]

- Hoa tan cac phan tu Si va Al trong nguyén liéu nho vao cac ion hydroxide
trong dung dich.

- Binh hudng lai cac ion trong dung dich tao thanh cAc monomer.

- Péng rin cac monomer théng qua cac phan tng trung ngung polymer dé

tao thanh céc ciu tric polymer vé co.

V.D.Glukhovshy di dua ra mot co ché tong quat cho su hoat hoa kiém déi
Véi vat liéu cd chira oxit silic va oxit nhém hoat tinh. Nhitng nim gan day, nhiéu tac
gia da mo rong ly thuyét cua Glukhovshky, &p dung vao linh vuc tong hop zeolite
va giai thich qua trinh Geopolymer hoa. Co ché phan tng trong so do trén phac
thao qué trinh chuyén hoéa tir vat liéu alumosilicat rin sang vat lidu kiém
alumosilicat tong hop, nhitng qua trinh nay cd thé xay ra tuan tu nhu trén hoic xay
ra dong thoi. [21]
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Hinh 2.2 So &6 md phong su hoat héa vat liéu alumosilicate [21]

Alumosilicat ran hoa tan trong dung dich kiém sinh ra nhitng dang hop chat
silicat va hop chat nhdm. Chinh su hoa tan cia cac phan tir hat ran trén bé mat da
giai phong ra nhitng hop chit silicat va hop chat nhém nay vao trong dung dich.
Pay 1a co ché chuyén hda cua nhitng phan tir ran khi tham gia vao qua trinh

geopolymer hoa.

Nhitng hop chat duoc giai phong khoi bé mat hat ran bang cach hoa tan
trong dung dich thi lai két hop véi nhau trong pha long. Mot hdn hop caa céc chat
silicate, aluminate va aluminosilicate duoc tao thanh. Nhiing hop chat
aluminosilicate vo dinh hinh hoa tan nhanh chong & moi truong c6 pH cao va tao ra
dung dich aluminosilicate qua bdo hoa. Khi dung dich tré nén dam dac hon thi cac
gel oligomer bt dau sinh ra va trg thanh mot mang ludi Ion khi dung dich cang co
dac. Qua trinh nay con giai phong ra nudc trong qua trinh hoa tan. Nudc dong vai
trd chat trung gian phan mg nhung nudc dugc giai phong ra lai ton tai bén trong

cua gel. Loai cau tric gel nay c6 hai pha la chat ran aluminosilicate va nuéc.
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Thoi gian dé dung dich aluminosilicate qua b&o hoa tao thanh gel s& khac
nhau d6i véi cac loai vat liéu ban dau, qua trinh phan @ng, thanh phan dung dich va
diéukién tdng hop khéac nhau. Sau khi tao thanh gel, hé théng tiép tuc t6 chic lai va
mang ludi gel ngay cang gia ting, két qua 1a tao thanh mang lugi aluminosilicate ba
chiéu.

2.5. Co ché hda hoc cinia cong nghé geopolymer sir dung tro bay

Trong céng nghé geopolymer sir dung tro bay thi toc do phan wng kich hoat
cling nhu cac vi cau trdc va thanh phan héa hoc cua céc san pham phan ¢ng phu

thuc vao nhiéu yéu td nhu sy phan bd kich thude hat va thanh phan khoang chat

ctia tro bay ban dau, dung dich kich hoat va thoi gian hang nhiét [22]

(a) (b) (©)
Hinh 2.3 Hinh anh SEM cac trang thai vi hat cua tro bay [22]

() Tro bay ban dau
(b) Tro bay duoc kich hoat vai NaOH
(c) Tro bay dugc kich hoat véi Na,SiO;

Hinh 2.3 thé hién hinh anh vi cau tric cua tro bay dwoc thé hién rd qua
phuong phap SEM. Hinh 2.3a thé hién hinh thai dic trung ban dau cia tro bay
truéc phan @ng, 1a nhitng tinh thé hinh cau co kich thudc khac nhau, cau trdc
thuong rong va coé thé chira nhitng hat nho hon trong né. Hinh 2.3b va 2.3c la
nhitng thay doi trong vi cau tric cua tro bay duéi tac dung cia dung dich kiém va
thoi gian hing nhiét, két qua phan ang 1a mot loai gel Natri-Silicat méi hinh thanh
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qua qué trinh dong ran céc hat tro bay va dung dich kiém. Tuy nhién phan tng

khong xay ra nhanh chéng, van con mét sb thanh phan tro bay phan tng cham.

Hinh 2.4 Su tuong tac cua tro bay trong dung dich hoat hda kiém [8]

Hinh 2.4 thé hién sy tuong tac trén 1a md hinh hat tro bay khi bi kich hoat
kiém. Bét dau bang sy kiém héa mot diém nho trén bé mit hoat tro bay, sau d6 lan
rong va tao thanh 15 16n va tiép tuc phan @ng véi nhitng hat nho o bén trong (hinh
2.4a). Phan tng tiép tuc duy tri va phét trién nhanh hon theo hai chiéu tir ngoai vao
trong va nguoc lai (hinh 2.4b). Phan tng tiép tuc xay ra cho dén khi hat tro bay
duoc kiém hoa hoan toan (hinh 2.4c), co ché phan tng hoa tan gan két cac hat nho
bén trong cac hat 16n, gin két tao thanh ma tran day dic. Cac hat nay phan ang véi
dung dich hoat hoa dudi tac dung cua nhiét d6 tao ra cuong d6 cho vat liéu
geopolymer.

2.6. Anh hwéng ciia ciu tric geopolymer dén cwong do bé tong

Phan ng hoa hoc trong bé tdng Geopolymer anh hudng truc tiép dén cuong
d6 bé tong. Su phét trién cuong do cua bé tdng Geopolymer phy thudc vao ham
lwong dung dich alkaline, diéu kién dudng ho va ham lugng cbt liéu trong bé téng.
C6 ba yéu té quan trong nhat anh huong dén cau trdc 1am thay doi cuong do cua bé

téng: ti 1&¢ dung dich alkaline/tro bay, ti 1é sodium silicate/sodium hydroxit va diéu

20



kién dudng ho. Nhitng yéu t6 nay lam thay d6i cau tric caa vat liéu trong qua trinh

phan tng tao nén chudi polymer Si-O-Al.

Poly(sialate) . O Ei‘%m S0
siAl=1  (-Si-O-Al-0-) Sio N Y/ A0,
Q. 0 o)
Poly(sialate-siloxo) Oté?o.\p{x 0w é; 0
siAl=2  (-Si-O-Al-0-Si-O-) 3 Y N\
Poly(sialate-disil I A N
. Poisiaatedision)  os deoghoctacto
Si:Al=3  (-Si-O-Al-O-Si-0-Si-0-) é i ‘5
0
o o o
“\ 5 L d
—Si—O—Sl-—O—Si—O—
Si:Al>3 Sialate link a b &k
L O /?
O’I <9
o \ o J (o)
S\ 2 il
S O e S O s S e O e
o )

Hinh 2.5 Cau tric chudi poly (sialates) Si-O-Al theo J.Davidovits [6]

Qua trinh phan ung giita tro bay va dung dich alkaline anh huéng tryc tiép
dén cuong do cua bé tdng Geopolymer. Khi ti I¢ dung dich alkaline/tro bay va ti 1¢
Na,SiO3/NaOH thay doi din dén cdu tric cua Geopolymer thay ddi va dan dén
cudng do ciing thay doi.

2.7. An mon bé téng
2.7.1 Cac méi trrong in mon

Bé tdng truyén théng hay bé tong geopolymer déu c6 thé bi dan mon hoéa hoc &
ca ba méi truong sir dung: ran, long, khi.

An mon trong méi trudng ran khi bé tong tiép xic voi mot sé loai hoa chit
nhu phan khoang, thudc trir sau. An mon loai nay dién ra khi cac hda chat bi am.

An mon trong méi trudng long xay ra khi bé tong tiép xuc véi nudc bién,
nuéc phén chua, nuéc khoang, nuéc ngam hoic nuwoc thai cta cac nha may xi

nghi¢p céng nghiép, an MoOn rira troi, vi sinh ¢d trong nudc ... Cac loai nudc nay
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chta cac nhan t6 ¢6 tinh chat gay an mon. An mon trong méi trudng long 1a loai an
mon phd bién tai cac cong trinh xay dung & moéi trudng bién, cac cdng trinh 1am
viéc trong nude, dudi dat co6 nudc ngam, hay trong nudc thai cong nghiép hay céc

nha may xi nghiép san xuét c6 sir dung héa chat.

An mon trong méi trudng khi xay ra khi vat liéu tiép xuc véi cac loai khi gay
an mon (khi CO,, CI, SO,, céac lon S, F, ...) thuwong gap ¢ khu vuc xung quanh cac
nha may c6 st dung va ché bién hoa chat hoic cdng trinh ¢ tiép xdc véi khong khi

bién va trong moéi truong khi hau ven bién.

Su an mon cua bé tong thong thuong trong méi treong long thuong la dang an
mon Cacbonat, Chloride, Sulfate va su hydrat hoa cua Xi mang. Qua trinh dn mon
d6i vai vat lieu Geopolymer thudng dugc xem xét & cac moi trudng nhu: Chat tay
rira tong hop (Aceton), méi truong mudi (NaCl, Na,SO4) hay méi truong axit (HCI,
H,SO,).

2.7.2 Co ché ciia qua trinh dn mon

Vé co ché an mon: Hé lién két Aluminosilicate s& thuc hién trao ddi cac ion
(Na* va Ca?*) ciing véi cac ion dwong ciia H" hay HsO" ¢6 trong dung dich axit vao
lien két polymer (Si-O-Al), xuat hién sy co rdt cua cac vét nat. Vét nat co rat du
rong, cac ion sunfat SO,* s& khuéch tan vao vét nit phan tng véi Ca”* tao nén tinh
thé hinh luc gi4c chinh Ia thach cao (CaS0O,4.2H,0) bao phu 1én bé mat bi an mon,
gdy nén an mon mot phan bé mat vat ligu geopolymer, nhung ciing trd thanh Iop
pht bao vé gay tc ché qué trinh xam nhap sau hon cua ion sunfat, giup chdng in
mon vat liéu.

Cudng do bé tong phu thudc rat nhiéu vao kha ning lién két giira cét lidu Ion
va chat két dinh. Tai mién tiép giap thuong chira nhiéu khoang trong do nudc dong
hozc do thiéu hut lién két va dic biét do hién tuong tich tu va trdm lang & phia dudi
cua bé mat cét liéu. Mat khac, & nhitng ving lién két tét véi cdt lieu thd, cac két qua

nghién ctu cho thay dang lién két canxi hydroxit trong ving nay chiém ty I 16n,
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cac tinh thé hydroxit canxi phat trién 16n va ¢ sy dinh huéng caa cac bé mat tinh
thé song song, nhat 14 cac tinh thé canxi hydroxit co cudng do thap, dé bi phé hoai
theo cac bé mit song song d6. Do vy cuong do yéu & nhitng ving dé lam cho
cudng do chung cua bé tong khong cao. Dé ting d6 dic chic cho vung tiép xuc pha
va ting kha ning lién két can b sung thanh phan bé téng phu gia silicafume nham
cai thién vi céu trdc bé tong.

2.7.2.1 An mén bé téng trong nwéc ¢ chira ion sulfate

lon Sulfate (SO,%) 1& mét trong nhirng anion thuong gap trong moi truong
tw nhién. Khi ham lwong SO, trong nudc cao s& gay anh huéng dén con nguoi do
tinh chat tay raa cua Sulfate. Ngoai ra trong nudc cap cho cdng nghiép va sinh hoat,
chi tiéu SO,* ciing rat quan trong do kha ning két hop vai cac ion kim loai trong
nudc hinh thanh cin ¢ cac thiét bi dun nudce, 10 hoi hay céac thiét bi trao d6i nhiét.
Trong xt Iy nuéc thai, chi tiu SO,% ciing duoc quan tdm do van dé mui va van dé

an mon dudng 6ng, bé chira hay hé thong cong ranh.

Su 3n mon cua cac ion Sulfate thé hién rd nét hon khi nuwéc thai sinh hoat cé
nhiét 4o cao, thoi gian luu nhiét dai va nong do Sulfat cao. Nguyén nhan cua sy an
mon nay la do H,S va H,SO,4 boi qué trinh khir Sulfate thanh H,S va tir H,S thanh
H,S0,. H,S la mot acid yéu, yéu hon ca H,COs va it anh huong dén chat lugng bé
tong. Tuy nhién, H.,S lai 12 nguyén nhan gian tiép gay ra sy an mon & cac vat liéu.
Ngoai su ton tai cua acid H,SO, trong nudc thai, gdy dn mon thi ¢ diéu kién hiéu
khi H,S ciing bi vi khuan oxy héa thanh H,SO, va theo thai gian, nong d6 H,SO,

tré nén dam dac, dan dén an mon cong trinh.
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Hinh 2.6 Su hinh thanh H,S va su an mon
do qua trinh oxy héa H,S thanh H,SO, [3]

Trong mai trudng nudc, ngudn cung cip ion SO, thudng 14 cac mubi hoa
tan nhu: Na,SO,, K,;SO4, MgSOy, ... Nhitng dung dich mudi nay cé thé ton tai tu
nhién trong nudc bién, nude thai va dit ngdm. Khi ham luong ion SO,* > 250mg/I
s& gay xam thyc rdt manh ddi véi bé tong. Nguyén nhan 1a ion SO,* tac dung Vi
c4c thanh phan khoang cua xi ming nhu C3AHs trong qué trinh sinh ra san pham
thuy hoa cia xi ming (Ca(OH),), tao ra cac chat tich tu nhu thach cao (gypsum:
CaS0,4.2H,0) lam tang thé tich gap 2,34 lan so véi thé tich cia Ca(OH),. Ngoai ra
CaS04.2H,0 lai cd thé tiép tuc twong tic véi 3Ca0.Al,05.6H,0 dé tao thanh
3Ca0.Al,05.3CaS0,.31H,0 (ettringite) gay né thé tich Ién 4,8 lan. Hién tuong ting
thé tich caa céc chat tich tu sinh ra noi luc bén trong, gay nit mau bé tong. Cir tiép
tuc nhu thé, nuéc chira ion SO,* tiép tuc thAm sau vao trong miu thdng qua cac vét
nit 1am cho qué trinh xam thuc dién ra lién tuc va sau rong, 1am phé va cau tric

cua bé téng. [23]
2.7.2.2 Sw xam nhap caa ion clorua

Clorua c6 thé ton tai trong hon hop bé tdng théng qua nhiéu cach. Clorua cé
thé duoc duc vao két cau thong qua phu gia CaCl, (d4 nging sir dung) hoic cac ion

clorua cd thé ton tai trong hdn hop céat, cot lidu, nude, mot cach vo tinh hay cb .
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Tuy nhién, nguy@n nhan chinh cta hién twong dn mon do clorua trong hau hét cac
cong trinh 1a do sy khuéch tan cua ion clorua tir mdi truong nhu:

- Két cau tiép xUc tryc tiép v6i moi trudng bién c6 nhidu mudi.

- Viéc stir dung mudi 1am tan bang hoic cac hop chat héa hoc c6 clorua.

Tuong tu qua trinh carbonat hoa, qua trinh xadm nhap cua clorua khong truc

tiép dn mon cbt thép, ngoai trir chling phéa v& 16p mang bao vé trén bé mit cét thép
va thuc ddy qua trinh 4n mon phat trién. Noi cach khac, clorua déng vai trd nhu mét
chat xac tac cho qua trinh an mon bé téng cét thép. Tuy nhién, co ché dn mon do
ion clorua khac qua trinh carbonat hoa & chd ion clorua xam nhap qua 16p bé tong

bao vé va tan cong cdt thép ngay ca khi do pH trong hdn hop van & mic cao.

Trong thuc té, két ciu bé tdng va bé tdng cét thép thudng xuyén lam viéc
dudi tac dong hdn hop cua ca hai co ché trén. Clorua aluminat (AICI,), duoc tao ra
tur phan tng gitra ion clorua va xi mang cé tac dung lam giam luong clorua, qua d6
lam cham qua trinh an mon. Tuy nhién, khi qua trinh carbonat hoa lam giam d6 pH
trong bé tong, AICI, s& bi pha v&. Két qua 1a nhitng két ciu chiu sy tac dong cua ca
hai co ché trén dong thoi s& nhay cam hon nhiéu véi dn mon va kho dé kiém soat

hon.
2.7.2.3 An mon bé tdng va bé tong cot thép trong méi truwong bién
Trong mdi truong bién ¢ mot sé6 dang n mon chinh nhu sau:

- An mon héa hoc bé téng trong nudc bién.
- An mon cét thép trong khi quyén bién va viing c6 muc nuéc 1én xudng.

- An mon bé tong do vi sinh vat bién.

Trong cdc dang an mon nay thi an mon hoa hoc cua bé tdng trong moi
treong bién 1a nguy hiém nhat vi n6 vira pha v cau tric bé tong vira tao diéu kién

dé céc tac nhan hoa hoc xam nhap vao an mon cét thép.

25



Céac cbng trinh bé tong cbt thép khi st dung trong méi trudng bién, néu
khéng co bién phap bao vé cd hiéu qua thi bi an mon manh, vi moéi truong nudc
bién cd chira cac hop chat hoa hoc cd tinh chat an mon cao d6i vai ca bé tong va cot

thép. C6 thé noéi day 1a dn mon tong hop.

Dic diém caa nudc bién 1a chira nhidu mudi, tong ham lugng cac mudi hoa
tan trong cac dai duwong khoang 34 — 35% va tuong quan ham luong cua chdng rat
bén virng. Lwong mubi hoa tan trong nuéc bién nho hon so véi & dai dwong va bién
d6i trong mot giGi han rong . Ham luong mudi (%) 16n nhat 12 NaCl (77-79%), sau
dén MgCl, (10.5-10.9%), MgSO, (4.4-4.8%), CaSO, (3.4-3.6%). Tong luong mubi
clorua 1a 88-89% va cac mubi sunfat 1a 10.5%: do pH = 8.2-8.3. [23]

Ngoai ra trong nudc bién con cd cac hop chat héa hoc nhu nitrit, nitrat,
photphat, dioxyt silic, cling nhu cc loai mudi bromua, iotua... Qu4 trinh in mon bé
téng trong méi truong nudc bién do nhiéu phan ng dong thoi va phu thugc 1an
nhau vé&i cac co ché khac nhau. Hoa tan khi ngam chiét, cac phan ung trao doi
kiém, két taa cac hop chat hoa tan, két tinh cac mudi gi&n né. Cac mudi hoa tan chu
yéu trong nuéc bién (MgCl,, MgSO,) céac phan ung chinh gay ra pha hiy bé tong:
[23]

MgCIZ + Ca(OH)2 —> Mg(OH)Z + C&CIZ
Hoac: MgSO, + Ca(OH), —» Mg(OH), + CaS0,.2H,0

Hoac: MgSO, + [Ca(OH), + 3Ca0O.Al,0;CaS0,.18H,0] - Mg(OH), +
3Ca0.Al,03.3CaS0,.31H,0 (ettringite gay ng thé tich)

Hodc: MgSO, + [Ca(OH), + 3Ca0.25i0,.3H,0] —> 4MgO.Si0,.8H,0 +
CaS0,4.2H,0 (san pham hoa tan)

Ddi vai bé tdng ngam trong nude bién, Moskovin di dwa ra so ¢6 phan ving
theo sy uu tién tac dong cua cac ion khac nhau. Tac dung cia mdi loai ion khdng co

tinh tan Chéng han nhu monoclorua luminat canxi (C3A.CaCl,.10H,0), khi c6 mat
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cia SO,? tré nén khong 6n dinh va phan hay tao thanh ettringite
(3Ca0.Al,04.3CaS0,.31H,0). Khi c6 mat cua mudi cacbonat va silic hoa tan thi
ettringte lai chuyén thanh hop chat méi (CaCOs, CaS0,.Ca0.Si0,.15H,0). Chinh
tir sy giao thoa cuia cac ion khac nhau nén mirc d6 xam thuc cua nudc bién yéu hon
nhiéu so véi nudc chira ion sunfat. Mirc do xam thwc yéu cua nuée bién do vai tro
cua ion clo 1am ting d¢ tan cua thach cao va ettringite, nén han ché sy két tinh

ching, han ché d6 gian no 16n gay pha hay bé téng. [23]

Nguyén nhan chinh 1am phé& hay bé tong trong moéi trudng bién 1a do céc
mubi sunfat an mon d4 xi miang. PO bén an mon sunfat cta bé tong ting khi giam

thanh phan C,A va phu thudc khéng nhiéu vao ham luong C3S cua xi ming.
2.7.2.4 An mon ciia nwéc thai cong nghiép

Trong nudc thai cdng nghiép, nhat 1a nudc thai cua cadc nha may phan
khoang thuong chta cac hop chat hda hoc ¢o tinh an mon manh, cé tac dong pha
hoai bé tong rat da dang. Thanh phan cac hop chat an mon trong nuéc thai cong

nghiép tly thudc tirng nganh san xuat.

Két cau bé tong cdt thép trong mdi trudng cdng nghiép ciing chiu tic dong
an mon cua moi trueong hitu co 16ng (nhu axit béo). Sy an mon cua nudc thai cong
nghiép ciing c6 thé khong do twong tac vai hop chét cua da xi mang, nhung lai anh
huong dén do bén do thugc tinh hap phu. Cac hop chét c6 tinh hap phu nay hap phu
trén bé mat pha ran coa da xi mang. Sau mot thoi gian ching tao thanh Iép don
hodc da phan tir, chlding hap phu tham nhap vao céc phan khuyét tat, cac khe ho caa
vat rin cho nén d6 dic chic caa ching bi giam di. Cac hop chat c6 tinh hap phu la
dung dich nudc cua cac chat hoat tinh bé mat (xa phong, cac chat tay rira vé sinh,

cling nhu cac san pham cua nganh héa dau).
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Tuy nhién theo danh gia ctia nhiéu nha khoa hoc thi sy an mon & cac moi
truong céng nghiép nhu & cac nha may c6 ding axit va cac nha may san xuat phan
bon 12 nguy hiém nhat. [23]

Ngoai co ché an mon con co toc d6 dn mon bé tong cling nhu bé tong cot
thép.

2.7.3 Téc dd in mon

Phuwong trinh Nernst
— RO RT 0 0,059
Erev = S —— Ak Ina .= Ejo ve - Iga ..

R: hang s6 khi = 8,314 J/mol.K

T: nhiét do tuyét d6i (K)

F: hiang sé Faraday = 96500 C/mol

n: s6 dién tir trao doi

ame - hoat @6 ion kim loai trong dung dich

E%e" v © thé dién cuc tiéu chuan cua kim loai ung véi hoat d6 dung dich
bang 1 hodc &p suat khi bang latm. Theo qui uwdc Stockholm nam 1953, thé dién
cuc tiéu chuan tinh cho cac phan tng dién cuc duogc viét ¢ dang khtr theo chiéu tir
trai sang phai.

Dinh ludt Faraday

A: Nguyén tir (phén tu) luong cua kim loai

F: hang sé Faraday, I=iS cudng d6 dong dién (A)
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i mat do dong dién (A/m?), S: dién tich (m?)
T: thoi gian dién phan (giay)
n: sb dién tu trao doi.

2.7.4 C4c loai téc dd an mon
Do giam khéi legng ciia mau / don vi dién tich / don vi thoi gian

R
S.t

D6 sau dn mon/don vi thoi gian hay bé day 16p san pham dn mon/don vi thoi

gian

g=4Am_Al A. v —K_Am_ A .
St nFSt nF “rd dSt nFd

Thuc té, an mon bé tong cot thép 12 mot qué trinh hét stic phuc tap, qué trinh
nay co lién quan dén qua trinh khac. D4i voi bé tong khi ndng d6 hidroxit canxi
giam di do c6 thé bi hoa tan trong nudc khi khuyéch tan, hoac tac dung hoa hoc véi
c4c mubi, axit co trong nudc tao thanh cac san pham dé hoa tan, 1am cho bé tong
kém dac chic. Khi nong do hidroxit canxi giam dén mirc nao d6 thi cac khoang
trong xi mang bi phan giai, cuong d6 bé téng s& giam. Hozc khi san pham 1a mudi
sunfat canxi ngam nudc co6 do truong nd thé tich Ié6n, gay nac né, 1am cho nudc
xam nhap cang siu va nhanh hon, dan dén qua trinh an mon cang ménh liét hon. Do

d6 tac nhan gy an mon trén cac cong trinh xay dung chu yéu 1 axit.

Pé bao vé két cau bé tdng khong bi an mon do axit, thi trong thanh phan cap

phdi bé tdng phai c6 phu gia bén sunfat.
2.8. Phu gia Silica fume
2.8.1 Khai quét qua trinh hinh thanh

Silica fume 1a phu gia bén sunfat, dugc tao thanh trong qua trinh bién d6i tir
viéc khtr thach anh (quartz) thanh silic & nhiét do trén 2000°C, khi sinh ra va
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chuyén t6i ving nhiét 6 thap hon bi oxy hoa do tiép xtic véi khong khi va ngung
tu lai thanh céc hat Si0, ¢ dang hinh cau khong két tinh, sau d6 sa léng qua thiét bi
loc bui dang budng dé thu hoi xir Iy khir cac tap chat va kiém soat kich thudc hat

trude khi st dung. [24]
2.8.2 Cac dac trung ly hoa cua silica fume

Céc hat silica fume c6 dang hinh cau, bé mat tron phfmg, kich thudc trung
binh cua hat silica fume vao khoang 0.1-0.2um, tirc 1a vao khoang 1:50-1:100 kich
thudce hat xi mang hoac tro bay, ty dién bé mat hat silica fume vao khoang tur
13000-25000m?/kg. Bot silica fume c6 khdi lugng don vi & trang thai d6 déng rat
nhd, vao khoang 0,15-0,2 tdn/m>. Silicafume c6 ham lugng oOxit silic hoat tinh cao

vao khoang 85-98%. [25]
2.8.3 Co ché cia qua trinh hoat déng

Silica fume hoat dong & 2 chirc ning: [24] thtr nhét c6 tac dung nhu mot chat
puzolan khi phan ng hoéa hoc voi cac thanh phan gel hydrat silicat canxi tao thanh
C-S-H.

Vai tro ctia C-S-H 1a loai chét két dinh c6 cudng d6 va luc lién két 1on 1am

nang cao cudng do bé téng, ting kha ning chéng an mon.

Chtrc nang thir hai, silica fume dong vai tro cac chat két dinh, vi silica fume
c6 kich thude hat rat nhé va c6 céu tric hat dang hinh cau, d& dang bao boc cac hat
khac 1am giam tuwong tac giita cac hat. Khi cac hat c6 dang hinh cau trong khong
gian ba chiéu, cho dién tich bé mat hat nho nhat trong cung mot don vi thé tich. Mat
d6 ctia cac hat hinh cau 16n hon cac hat c6 hinh dang khéc, diéu nay cho phép giam
duge lugng nudc yéu ciu ma van dam bao tinh cong tac ctia hdn hop bé tong, gop
phan giam do rdng, ting do dic chic, ting cudng do, chdng lai tdc nhan dn mon bé

tong.
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Viéc dua phu gia silicafume vao bé tong da lam thay ddi quan trong hé xi
ming - nude, 1am cho cac hat microsilica c6 tic dung chén lap diy cac khoang
trong gilta cac hat xi ming, qué trinh thuy hoa cua xi mang tao thanh san phim
CSH va moét lugng 16n CH khong tham gia vao viéc tao lién két cua chit két dinh
phan tng véi oxit silic cua silicafume dé chuyén héa san pham CH thanh cac CSH,
do d6 viéc dung silicafume dan dén nang cao cuong do bé tong, giam do rong, ting

d6 dic bé tong, chdng cac tic nhan gay an mon. [24]
2.8.4 Anh huéng ciia silica fume dén cac tinh chét ciia bé tong

Tinh déo cia vita bé tong: Bé tong thong thuong sir dung 300kg/m® xi méng
va dudi 10% silica fume thi d6 sut thuc té khong co gi thay doi nhiéu so v6i bé tong
d6i chimg c6 cung ham lugng chat két dinh. Vi bé tong gidu xi ming viéc thém
silica fume doi hoi ton ning luong hon trong viéc d6 va dam do vita bé tong bi
quanh lai. Trong trudng hop do6 can thiét phai thém vao vira bé tong phu gia déo
hoa. Silica fume lam ting tinh 6n dinh cua vita bé tong, nd lam giam phan ting,

tach nudc cho vira bé tong. [25]

Sy phét trién cuong do ciia bé tong: Hoat dong giéng nhu cac vat licu
puzolan, silica fume tham gia phan tmg v&i Ca(OH), trong bé tong tao ra san pham
c6 kha nang két dinh. Silica fume cang tinh khiét, cang min thi hiéu qua ctia phan
g cang cao va nhanh. Cung v&i sy khuyéch tan ciia minh cac hat silica fume 1ap
day vao khoang giita cac san pham thiy hoa cia xi ming, lam chit ciu trac dé xi
ming va lam ting kha ning két dinh giita da xi mang va cac hat c6t liéu. Po hoat
tinh cua silica fume phu thudc vao kha nang phan ung cua SiO, vdi Ca(OH),. Véi
silica fume cho phép san xuét dugc bé tong c¢6 cudng do cao hon nhiéu so véi bé
t6ng thong thuong. Viée str dung ¢t liéu thién nhién co thé ché tao dugc bé tong co
cuong do trén 150 N/mmz, voi céc loai cdt lidu dic biét thi co thé ché tao duge bé
tong c6 cudong do 1én t6i 300 N/mm?. Tdc d phat trién cuong do cia bé tong cb st
dung silica fume nhanh hon bé téng thuong. Trong diéu kién tiéu chuén, sau 7 ngdy

31



cuong do cua nd chi dat dugce tur 55-65% cuong do o tudi 28 ngay. Hoat tinh cua
silica fume dién ra chu yéu trong giai doan tir 7 dén 20 ngdy. Cac thi nghiém gan
day & mot s6 nude cho thiy, lkg silica fume co thé thay thé tir 3-5kg xi ming

poocling thong thudng ma khong 1am thay doi vé cudng do cia bé tong. [25]

Do kiém cia bé tong: Silica fume c6 anh huéng dén do kiém cua nudc trong
céc 16 rong cua gel ximang. Phan tng cua silica fume véi Ca(OH), dan dén su hinh
thanh cac gel c6 ham lugng SiO, trong lién két cao cung véi ham luong nude lién
két 1on. Do pH trong cac 16 réng cta bé tong thong thuong vao khoang 14, trong
truong hop cé sir dung silica fume voéi liéu lugng vira phai chi s6 pH nhanh chong
giam xudng 13. V&i viée sir dung 15% silica fume tri s6 pH giam xudng 12,5. Khi
lidu lugng dung 1én t6i 25% thi silica fume trung hoa gan nhu hoan toan voi ty do
trong bé tong, lac d6 chi sé pH giam dén muc c6 anh huong tiéu cuc dén tinh tro

ctia cbt thép dudi tac dong cua moi trudng an mon. [25]

Tinh thAm cua bé tong: Silica fume 1ap day cac 16 rong trong bé tong bang
céc hat rat min lam giam kich thudc cac 16 réng mao quan, ting kha ning chong
tham cho bé tong. Trén thuc té nguoi ta di ché tao duoc bé tong khong tham voi
lidu lwong silica fume vira phai va ham luong xi ming poocling khong cao. Bé tong
sir dung silica fume c6 kha ning chdng thim cao hon nhiéu so v4i bé tong thuong

twong duong. [25]

Kha ning bao vé cdt thép: V& 1y thuyét d6 kiém trong bé tong ¢t thép giam
s& 1am giam do bén cua n6é dudi tac dong ciia cabonat hoa va clo. Nhirng nghién
ctru & Na uy va Thuy Dién d6i v6i cac két cAu bé tong cbt thép trong vong 12 nim
cho thdy, do bén cua bé téng cbt thép chit lugng cao co sir dung silica fume dudi
tac dong clia cacbonat hoa khong thap hon bé tong str dung ximang poocling thong
thuong cé cuong do tuong duong, ngoai ra bé tong c6 st dung silica fume c6 kha
nang ngin ngira thim clo tir nuwéc bién 16n hon nhiéu so véi bé tong thuong. Tuy
nhién néu bao dudng bé tong co st dung silica fume khong tét thi sy hu hong cia

32



két ciu lai 16n hon so véi bé tong thuong. Mot sé cac thi nghiém nghién ctru an
mon cbt thép ctia mdt sé nude cho thiy trong didu kién bao dudng tét kha ning bao
vé cbt thép cua bé tong co sir dung silica fume t6t hon so voi bé tong thong thuong

c6 cung cuong do. [25]

Tac dong hoa hoc (sunphat): Bé tong sir dung silicafume c6 kha ning chong
thAdm cao va ham lugng voi tu do it lam tang do bén cta bé tong chéng lai mot sb
chit xam thyuc hoa hoc. Bé tong co sir dung silica fume c6 do bén rat tét véi hang
loat cac chat xam thyuc. Céc thi nghiém trong mot thoi gian dai va toan dién ¢ Na uy
da cho thay do bén cia bé tong co sir dung silica fume trong moi trudong sunphat

tuong duong v6i d6 bén cia bé tong st dung xi ming poocling bén sunphat. [25]
2.8.5 Uu diém viéc sir dung Silicafume trong bé tong

Bé t6ng st dung phu gia silicafume duoc coi 1a mot trong nhitng san pham
mang tinh budc ngodc trong cong nghé bé tong co wu diém 16n can thiét ddi véi
viéc cai tao co sO ha tﬁng, vé cong dung silicafume cai thién mot sb tinh chat cho bé
tong: Tang do bén virng lau dai, cuong do chiu nén va do déng nhat tot, bao vé bé

tong chdng dn mon, cudng d6 udn cao hon, chong lai su thay doi thé tich tot. [24]

Ngoai ra bé tong dugc ché tao vai silicafume c6 do chéng tham cao, ting
kha nang chéng mai mon va chong an mon. Sy dn mon cbt thép trong bé tong xay
ra khi clorua xam nhap vao bé téng, pha hoai 16p bao vé yéu bao quanh cét thép,
gay ra gi va rd. Qua trinh cacbonat hoa 13 nguyén nhan khac gdy dn mon cét thép,
khi bé tong cachbonat hoa tgi muc tiép giap véi thanh thép, thi méi truong trung hoa
(trung tinh) s& thay thé dan moi truong kiém da bao vé ¢t thép. Dudi diéu kién do,
cot thép khéng con thu dong nita ma nhanh chong bi an mon. Viéc cho thém
silicafume vao bé tdng dé giam do tham cua bé tdng s& ¢ hiéu qua cao d6i voi
chéng xam nhap cua céc ion clo. Su kich thich an mon cét thép va su pha hoai bé

tong duoc khdng ché rd rét, lam giam céc chi phi bao tri cong trinh.
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Nhiéu tai liéu ciia cac nghién ciru da chi ra nhirng tac dung chinh cua phu gia

khoang hoat tinh silicafume nhu: [24]

- Giam luong dung xi mang, nham cai thién vi cu tric, tang tinh 6n dinh
va tang hiéu qua kinh té cho cong trinh.

- Giam su tach nudc, tach vira cho hén hop bé tdng mai tron.

- B6 sung cip hat cho thanh phan bé tong, qua d6 1am ting tinh cong tac
ctia hdn hop bé tong, dam bao do dic chic vé ciu tric cho bé tong khi
ran chic, tang cuong do co hoc, giam sy xam nhap cua cac tac nhan co
hai vao trong bé téng.

- Vi cau tric dang hinh cau silicafume con cé tac dung lam ting tinh
linh dong cho hdn hop bé tdng nhod viéc giam ma sat kho giira cac hat

cot lidu, qua d6 1am tang tinh cong tac cho hdn hop bé tong.
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Chuong 3: NGUYEN VAT LIEU VA
PHUONG PHAP THI NGHIEM
3.1 Nguyén vat liéu

Nguyén vat liéu dé ché tao Bé tdng geopolymer gém Tro bay, dung dich hoat
hoa (NaOH va Na,SiOs), cat song va da 1x2.

Phu gia chdng an mon cho bé téng st dung Silicafume.

Hoa chét sir dung dé tao mdi truong dn mon cho bé tong geopolymer 13 axit
HCI, H,SO,.
3.1.1 Tro bay

Str dung tro bay loai F ¢6 ngudn gdc tir nha mdy nhiét dién dia phuong, khoi
luong riéng 2400 kg/m®, @6 min 94% luong lot qua sang c6 cd sang la 0.08 mm.
[17]

Hinh 3.1 Tro bay

3.1.2 Dung dich Sodium Hydroxyde (NaOH)

Dung dich sodium hydroxide mau tring duc, c6 d6 tinh khiét trén 90 % va
khdi luong riéng 2130 kg/m3. Bé ché tao dung dich sodium hydroxide bang céch

hoa tan NaOH dang vay ran vao nuéc theo ndng do 10mol/l cho trude [17]
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Hinh 3.2 Dung dich sodium hydroxide NaOH ¢ dang vay k"han va dung dléh

3.1.3 Dung dich Sodium Silicate (Na,SiOs)

Dung dich thay tinh long (Na,SiO3) st dung c¢6 ham lugng Na,O va SiO,
dao dong tir 36 — 38 %, c0 ty trong 1.42+0.01 g/ml.

Thiy tinh 16ng c6 thanh phan nhu trong Bang 3.1.
Bang 3.1 Ty Ié thanh phan dung dich thay tinh long

Thanh phan Ti 1€ khoi lugng (%)
Na,O 13.7
SiO, 23.4
H,0 62.9

&ES

Hinh 3.3 Dung dich thuy tinh long (Na,SiO,)
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3.1.4 Cét liéu cat vang

Cat sir dung 1a céat sdng c6 khéi lugng riéng 2,65 g/cm? va mé dun do 16n

0,16 cm , ¢t liéu sir dung déu thoa mén yéu cau ky thuat theo TCVN.

Hinh 3.4 Cét vang
Cat dung cho nghién ctru phai thoa man cac yéu cau caa TCVN 7572:2006.
[26]

Cat dugc st dung 14 cat sach, ¢& hat thd. Céc tinh chét co 1y ciing nhu khoi

luong riéng, khéi luong thé tich, thanh phan hat ciing duoc thi nghiém theo TCVN.

Bang 3.2 Thanh phan hat cét (trong 100 kg)

Kich thudc 16 sang vuong (mm) | 4,75| 2,36 | 1,18 | 0,6 0,3 | 0,15

Lugng sét trén sang (kg) 0,78 | 3,3 | 18,75| 38,04 | 77,74 | 97,44

Phan tich thanh phan hat cat, thu duoc két qua va dugc thé hién ¢ hinh 3.5.
Qua biéu dd xét thay, cét str dung trong thi nghiém hoan toan nim trong dudng gidi
han thanh phan hat cét theo TCVN.

37



10
20
30
40
50
60
70
80

Luong sot tich liy (%)

Kich thuéc 16 sang (mm)

Hinh 3.5 Biéu d6 thanh phan hat cat sir dung

3.1.5 Cét liéu da

Pa st dung 14 da Bién Hoa, phai thoa man cac yéu cau cua TCVN
7572:2006. [26]

Hinh 3.6 ba 1x2
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P4 st dung 1a da sach, c6 duong kinh Dy =20mm, khdi luong riéng

2.7g/cm3, khéi lwong

thé tich 1.62g/cm3.

Bang 3.3 Thanh phan hat cua da (trong 100 kg)

Cd sang (mm)

20

10

Luong sot trén san (kg) 2

48

100

Phan tich thanh phan hat da, thu duoc két qua va dugc thé hién & hinh 3.7

Qua biéu dd xét thy, da st dung trong thi nghiém hoan toan nam trong dudng gidi
han thanh phan hat theo TCVN.

N
o

N
o

(2]
o

o
//

%

Luong sot tich lity (%)

(ee]
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100

7
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10

Kich thudc 16 sang (mm)

20

Hinh 3.7 Biéu d6 thanh phan hat d4 dam
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3.1.6 Silica fume

bao theo tiéu chuan TCVN 8827:2011 [27]

Silica fume str dung trong thanh phan cap phdi bé tong Geopolymer, dam

Silica fume sir dung trong bé tdng nham ting cudng kha ning chiu luc,

chéng an mon, giam do thAm nude co dic tinh dugc thé hién trong Bang 3.4.

Bang 3.4 Thanh phan hda hoc cua silicafume

Ham luong Si02 Do 4m (%) Luong mat khi nung Ty dién
(%) (%) (m?/g)
> 85 <3 <6 15-30

Céc tinh chat ky thuat caa Silicafume duoc phan tich tai Vién khoa hoc cong

nghé xay dung (IBST), két qua nhu Bang 3.5.

Bang 3.5 Tinh chat ky thuat cua silicafume

STT Chi tiéu Ponvi | Kétqua Yéu cau k¥ thuat

1 | Khéi lugng riéng glem® 2.40

2 | Doam % 2.76 <3

3 | Ham lwong mat khi nung % 2.82 <6

4 Ham lugng SiO, % 88.15 >85

5 Ham luong SiO3 % 0.05 <2

6 Ham lugng CaO % 0.66 <1

7 | Ham Iluong CI % 0.01 <03
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Hinh 3.8 Silicafume
3.2 Thanh phan cap phéi
3.2.1 Thanh phan cap phoi

Thiét ké thanh phan cap phdi bé tdng geopolymer phu thugc vao cac yéu td
nhu: Ty 18 cét liéu/tro bay, alkaline/tro bay, sodium silicate/sodium hydroxide,
diéu kién dudng ho nhiét va nong do mole.

Theo cac nghién ctru trude day vé thanh phan cp phdi bé tong geopolymer,
tac gia dinh huéng sir dung thanh phan cap phéi nhu sau:

- Ty lé cbt liéu/tro bay la: 3.99

- Ty 18 cat/da 1a: 0.55

- Ty I¢ alkaline/tro bay la: 0.72

- Ty Ié sodium silicate/sodium hydroxide la: 1.2

- Nong do dung dich NaOH: 10 Mole

- Dudng ho nhiét trong 10 gio & mac nhiét do 80°C

Bé tong geopolymer khac véi bé tong xi ming & chat két dinh SiO,SiO; va
Al,O; cd trong tro bay phan ung véi dung dich hoat hoa (alkaline) thanh ho
geopolymer bao pha cot liéu va diéu kién dudng ho nhiét tao nén bé tong
geopolymer. Nhu bé tong truyén thong, cot lidu thd va cét lieu min chiém khoang

70-80% khéi luong cua bé tong. Do d6 hdn hop thanh phan cap phéi cua bé tong
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geopolymer cé thé dinh huéng twong ty nhu bé tong xi mang.

3.2.2 Phuwong phap xac dinh thanh phan cap phoi

Khdi luong riéng cua cac vat liéu nhu sau:

Tro bay 1& 2400 kg/m®
Silicafume 1a 2400 kg/m®

Cét vang la 2650 kg/m®

P4 1x2 1a 2700 kg/m®
Sodium silicate 1a 1420 kg/m®

Sodium hydroxide 1a 2130 kg/m®

Xéc dinh thanh phan cip phdi dua trén nguyén tic 1a thé tich tuyét déi véi

V=1m3. Céc nguyeén liéu trong tirng cip phdi c6 ti 16 theo khdi luong twong ng Véi

nhau sao cho tong thé tich 1a 1m?3.

Dinh huéng thanh phan cap phdi CP1 nhu sau:

Téng khéi lwong thé tich caa bé tdng geopolymer 1a: 2,761.6 kg/m3

Khéi luong cdt liéu 70-80% (chon 70%): 1,930.5 kg/m3

Trong d6 ty I¢ cat/da 1a: 0.55

+ Khéi luong da: 1,245.4 kg/m3

+ Khéi luong cét: 685.1 kg/m3

Khéi lurong dung dich alkaline va tro bay (30%): 831.1 kg/m3

Trong do ty 1€ alkaline/tro bay la: 0.72

+ Khéi lwong tro bay: 483.3 kg/m3

+ Khdi Iugng alkaline: 347.8 kg/m3
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Ty I€ sodium silicate/sodium hydroxide la: 1.2

+ Khéi Iugng dung dich NaOH (10 M): 158.1 kg/m3

+ Khéi luong dung dich Na,SiO;: 189.7 kg/m3

Dé tang cuong kha ning chdng dn mon trong méi trudng axit cho bé tdng

geopolymer bing silicafume, thi trong thanh phan cap phéi bé tdng geopolymer c6

ham luong silicafume thay thé tro bay lan luogt 1a 5, 10, 15, 20, 25% tuong (g Voi
cap phdi CP2, CP3, CP4, CP5, CP6. Céac thanh phan cap phdi duoc trinh bay trong

Bang 3.6.
Bang 3.6 Thanh phan cap phéi cho bé téng geopolymer

Cép N DD sodium | DD sodium
phdi pé cat Trobay | Silicafume hydroxide 10M| silicate

(kg/m3) | (kg/m3) | (kg/m3) | % | (kg/m3) (kg/m3) (kg/m3)
CP1 | 1,2454 | 685.1 483.3 0 0 158.1 189.7
CP2 | 1,2454 | 685.1 459.135 | 5 | 24.165 158.1 189.7
CP3 | 1,2454 | 685.1 43497 | 10 | 48.33 158.1 189.7
CP4 | 1,2454 | 685.1 410.805 | 15 | 72.495 158.1 189.7
CP5 | 1,2454 | 685.1 386.64 | 20 | 96.66 158.1 189.7
CP6 | 1,2454 | 685.1 362.475 | 25 | 120.825 158.1 189.7
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3.3 Phuwong phap thi nghiém
3.3.1 Phwong phap tao mau

Khubén mau duoc st dung 1a khuén mau hinh try tron, kich thuéc 100x200

mm, dé thuc hién tao mau va danh gia két qua thi nghiém.

Hinh 3.9 Khuon duc mau

Mau bé tong geopolymer sau khi diic dugc ngadm trong cac mdi trudng in
mon dé kiém tra va danh gia cac s liéu thi nghiém vé cuong do, phan tram khoi

lugng an mon .
3.3.2 Nhao tron va diic mau

Tat ca cac thanh phan nguyén vat liéu sau khi dinh lugng s& duoc nhao tron
kho trong khoang 2 phut. Hon hop dung dich sodium hydroxide, sodium silicate da
chuan bi trude duoc db vao hdn hop vira khd. Qué trinh nhao tron wét dién ra trong

vong 3 phit bang may tron.

Trude khi d6 hdn hop bé tdng geopolymer vao khuén, can dat khudn mau

tai cac vj tri khd rao, bang phang va tién hanh dam bé téng trong khudn mau.
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Hinh 3.11 H6n hop sau khi tron kho va dic mau
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L4 ke

Hinh 3.12 Mau bé tong sau khi dtic va danh sb thi ty

3.3.3 Dudng hd nhiét va ngdm hoéa chat

O nhiét do phong, phan tng cua bé téng Geopolymer cé thoi gian dong ran
dién ra rat cham nén cudng d6 phét trién khong cao. Do d6, dudng ho nhiét 1a can

thiét dé day nhanh qua trinh geopolymer hda va phét trién cuong do cua bé tong.

Bé tong Geopolymer sau khi duc mau, duoc tinh dinh trong 48 gio, sau d6
thao khudn va dudng ho nhiét trong 10 gio' & mic nhiét do 80°C, thoi gian dudng
ho nhiét dwoc tinh khi nhiét do trong 10 siy dat 80°C. Két thiic qua trinh dudng ho
nhiét, & mau thi nghiém tro vé nhiét do mai truong tu nhién trong khoang thoi
gian 24 gio, tién hanh lay mau thi nghiém ra khoi 10 say. Sau d6 do kich thudc va
can mau lay sé lidu vé khéi lwong ban dau trudc khi ngdm héa chat dé danh gia kha

ning chdng an mon ciia mau theo thoi gian.

46



Hinh 3.13 Dudng ho nhiét cac mau bé tdng Geopolymer bang 10 siy

Trong cac mdi trudng nudc bién, ng cong, bé nude thai cdng ndng nghiép,
ham lugng hda chat axit gdy an mon téi da khoang 2% va thoi gian an mon kéo dai.
Do d6 trong pham Vi gigi han thoi gian nghién cau khoang 180 ngay, ké ca thoi
gian chuan bi nguyén vat liéu va hoan chinh dé tai nghién cru, nén tac gia phai tiang
gia toc an mon va thoi gian cac mau thi nghiém ngam trong méi truong axit 120

ngay.

Ngoai ra, tac gia con két hop nhirng nghién ciu trude day dé dinh hudng céc
loai hoa chit duoc sir dung la dung dich H,SO,, HCI ¢6 ndng d6 mdi loai: 5, 10%

va thoi gian ngdm mau véi cac méce 30, 60, 90, 120 ngay.
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Hinh 3.15 Mau bé tdng Geopolymer ngam trong Axit
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Sau cac méc thoi gian 0 ngay (chua ngadm héa chat), 30 ngay, 60 ngay, 90
ngay, 120 ngay, ngdm mau véi hoa chat, cac mau duoc lay ra khoi dung dich héa
chat, lau sach mau bang khian mém va dé mau thi nghiém ¢ méi trueong tu nhién

trong 48 gio, cho mau kho réo, sau d6 mai tién hanh can va nén mau.

o - r - L3

Hinh 3.16 Mau bé tong Geopolymer du‘qc‘ lay ra khoi dung dich héa chat
3.3.4 Cwong do chiu nén bé tong

Xac dinh cudng d6 chiu nén cua bé tdng Geopolymer dé danh gia Mac bé
téng va chat lugng bé téng theo TCVN 3118:1993 [28]. Cuong do nén ting vién
mau bé tong (R) duoc tinh bang daN/cm? (KG/cm?), theo cong thirc

R =a . P/F (daN/cm?)
Trong do:
P — Tai trong phé hoai, tinh bang daN.
F — Dién tich chiu luc nén cua vién miu, tinh bang cm?.

o - Hé sé phu thudc chiéu cao mau thar (mau tru 100x200: o = 1.16).
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MJdi té mau duoc tinh trung binh cong cac két qua mau tha. Loai bo gié tri
c6 sai léch 16n hon 15% so véi gid tri trung binh. Két qua cudi cung la gia tri trung

binh cong cua céac gié tri hop 1é con lai, d6 chinh xac t&i 0,IN/mm?

e,

Hinh 3.18 Mau duoc nén pha huay
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Chuwong 4: KET QUA THU'C NGHIEM VA PANH GIA

4.1 Kiém tra tong thé bang truc quan

Cac cap phdi bé téng geopolymer sau khi duoc ngdm trong cic moi truong
an mon déu c6 cung sy bién d6i (vé mau sic, rd mat, vét nut...), nhung khac nhau
vé murc d6 phan tmg an mon khi tiép xuc véi cac hoa chat.

Nhin chung cac mau bé tdng geopolymer con nguyén ven vé mat ciu tric va
van dam bao kha ning chiu lyc ddng ké mac du toan bo bé téng da duoc trung hoa
bang axit H,SO, va HCI.

Chon cip phéi ngam trong hoa chat H,SO, 10% va HCI 10% sau 120 ngay

dé kiém tra truc quan.

Hinh 4.1 C4c méu bé tong geopolymer duoc lay ra sau khi ngadm hoa chat
sau thoi gian 120 ngay
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Két qua ngdm cho thiy cac mau bé téng geopolymer khi dugc ngdm trong
dung dich H,SO, thi mau khdng xuat hién vét niit, nhung c6 sy thay d6i vé bé mat
nhu bi rd va ¢ mot s6 mau c6 xuat hién 16p phi ngd mau hoi vang trén mau. Pay
chinh 1a san pham cua thach cao (CaSO,.2H,0), két qua nay ciing di duoc chi ra

trong nghién ctru cua X.J.Song cung cac cong su. [13]

Mau trudc khi ngdm hoéa chat ~ Ngam trong dung dich H,SO,

Hinh 4.2 Mau bé tong geopolymer ngam trong H,SO, sau 120 ngay

M6t s6 mau dugc ngadm trong dung dich HCI ciing c¢6 mét 1ép pha mau vang,
bé mat mau bi rd va cd xuat hién vét nat, tuy nhién cac vét nat trén mau chua an

s&u vao bén trong ma chi lam bong troc 16p vo.
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Mau trudc khi ngdm hoa chat

Ngém trong dung dich HCI

Hinh 4.3 Mau bé téng geopolymer ngam trong HCI sau 120 ngay

4.2 Anh hwéng ciia ham lugng silicafume dén cwong dd chiu nén

Két qua thi nghiém vé cudng do chiu nén cua bé tdng geopolymer c6 ham

lwong Silicafume thay thé tro bay twong @ng 0, 5, 10, 15, 20, 25% truéc khi ngam

hoa chit, duoc trinh bay trong Bang 4.1.

Bang 4.1 Két qua thi nghiém cuong d6 chiu nén (MPa)

Ham luong Silicafume

Tén Cép phbi ) Cuong do chiu nén (MPa)
CP1 (0%SF) 0 14.99
CP2 (5%SF) 5 19.98
CP3 (10%SF) 10 25.66
CP4 (15%SF) 15 16.34
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CP5 (20%SF) 20 12.15
CP6 (25%SF) 25 10.04
30

N
(62}

N
o

Cuong do chiu nén (MPa)
= =
o o

ol

o

0 5 10 15 20 25

Ham luong silica fume (%)

Hinh 4.4 Méi quan hé giita cuong d6 chiu nén va ham luong silicafume

Két qua biéu dién trén Hinh 4.4 cho thiy sy anh huong cua phu gia khoang
silicafume dén cuong do chiu nén cia bé tong véi ham luong thay doi tir 0 dén
25%. Cudng do chiu nén cua bé tong déu c6 khuynh hudng ting khi sir dung phu
gia khoang silicafume véi ham luong tir 5 dén 10%. So véi mau khéng cd ham
luong silicafume, muc ting cuong d6 twong tng 1a 33% va 71% khi thay thé tro
bay bang silicafume voi ham luong tuong tng 1a 5 va 10%. Tuy nhién khi ham
luong silicafume ting 18n 15, 20, 25% thi cudng d6 chiu nén cua cap phdi bé tong

nay lai giam xuéng tuong tng 62, 90, 104% so vai cap phdi sir dung ham luong

silicafume 10%.
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Diéu nay dugc ching minh ham luong silicafume thay thé tro bay ting lén,
thi d6 sut ctia hdn hop bé téng giam xudng va tén ning lurgng hon trong viée db va
dam do vira bé tong bi quanh lai. Silicafume c6 d6 min rat cao nén do hat nudc
nhiéu hon, lam giam d6 sut cua hdn hop bé téng.

Thay thé 10% silicafume véi tro bay thi cuong d6 bé tong 1a tét nhat, sau do
cudng d6 giam dan khi ham luong silicafume ting 1én. Piéu nay la do thyc té phan
ing pozzoland khong hét véi thanh phan hoat tinh SiO, va hiéu tng dién day cua
phu gia silicafume chua triét dé.

Theo I.R.1.Raj va B.Shanmugavalli [29] cap phdi st dung 10% silicafume s&
cai thién dang ké kha nang chiu nén cua bé tong do co6 ham lugng pozzoland tu
nhién cao, gidp phan &ng véi calcium hydroxide dé hinh thanh thé gel calcium
hydroxide hydrate tang cuong co tinh cho bé tong.

Do d6, su thay thé téi vu cua silicafume véi tro bay trong cap phdi bé téng
geopolymer 12 10%. Cho nén trong dé tai chi tap trung nghién ciu cac cap phéi bé

téng geopolymer ¢ ham luong silicafume thay thé tro bay tir 0 dén 15%.
4.3 Anh hwéng ciia ham hrong silicafume thay thé tro bay va thai gian ngam
mau dén cwong dd chiu nén cia mau
Két qua thi nghiém vé cuong do chiu nén theo thoi gian ngdm mau trong céc
moi truong an mon duoc trinh bay trong Bang 4.2
Bang 4.2 Két qua thi nghiém cuong d6 chiu nén (MPa)
a) Ngam trong hoa chat H,SO, 5%

Cuong do chiu nén (MPa)

Thoi gian (ngay) 0 30 60 90 120

CP1 (0%SF) 14.99 17.66 19.06 19.49 19.03
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CP2 (5%SF) 19.98 22.09 23.06 23.57 23.35
CP3 (10%SF) 25.66 27.86 30.24 32.11 31.97
CP4 (15%SF) 16.34 20.16 22.20 23.54 23.02
b) Ngam trong hda chat H,SO, 10%
Cuong do chiu nén (MPa)

Thoi gian (ngay) 0 30 60 90 120
CP1 (0%SF) 14.99 17.08 18.93 18.59 17.99
CP2 (5%SF) 19.98 22.00 23.00 22.99 22.54
CP3 (10%SF) 25.66 28.11 29.51 30.89 30.53
CP4 (15%SF) 16.34 19.77 21.56 21.76 20.97

c¢) Ngam trong hda chat HCI 5%
Cuong do chiu nén (MPa)

Thoi gian (ngay) 0 30 60 90 120
CP1 (0%SF) 14.99 17.60 18.84 18.98 18.64
CP2 (5%SF) 19.98 21.91 22.96 23.13 22.49
CP3 (10%SF) 25.66 28.01 29.73 31.29 30.93
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CP4 (15%SF) 16.34 19.35 21.66 22.08 21.63

d) Ngam trong hoa chat HCI 10%

Cuong do chiu nén (MPa)

Thoi gian (ngay) 0 30 60 90 120
CP1 (0%SF) 14.99 16.53 18.36 17.96 16.81
CP2 (5%SF) 19.98 21.22 21.89 22.36 21.24
CP3 (10%SF) 25.66 27.81 28.98 30.11 29.30
CP4 (15%SF) 16.34 18.69 20.06 20.77 19.89

——0%SF S5%SF 10%SF 15%SF

w
(8}

w
o

N
ol

N
o
b

Cuong do chiu nén (MPa)
|
ol

=
o

0 30 60 90 120
Thoi gian ngdm mau (ngay)

a) Cudng do chiu nén theo thai gian ngdm mau trong dung dich H,SO, 5%
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c) Cudng do chiu nén theo thai gian ngdm mau trong dung dich HCI 5%
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d) Cuodng d6 chiu nén theo thoi gian ngdm mau trong dung dich HCI 10%

Hinh 4.5 Cudng d6 chiu nén theo thoi gian ngdm mau trong cac dung dich.

Cuong d6 chiu nén ctia mau xac dinh theo TCVN 3118-1993 [28]. Cac mau
khong ngam hoa chat duoc xac dinh cudong d6 tai moc 0 ngay dé lam ddi chung cho
c4c mau ngam hoéa chat. Theo c&c nghién ciu trude day va nghién ctru cua Phan
Puc Hing va L& Anh Tuin “Anh huang cua diéu kién gia nhiét nguyén vat liéu dén
qua trinh geopolymer hda cua vira”. Két qua nghién ctu cho thiy su phat trién
cudng do cua vira geopolymer can dén qua trinh dudng ho nhiét, trong diéu kién
duong ho nhiét xay ra phan tng trung ngung trong nhirng monomer, nhiét do cang
cao thiic day phan tng tring ngung xay ra cang nhanh, dan dén cuong do ting theo
nhiét do dudng ho. Sau thoi gian dudng ho nhiét, cuong do ting khong dang ké
(gidng nhu bé tong xi ming thuong sau 28 ngay). [30]

Két qua thi nghiém duoc biéu dién trén Hinh 4.5 cho thay trong hai dung
dich H,SO4 va HCI ndng d6 5%, 10% c6 xu hudng 1am ting cudng do trong thoi
gian 90 ngay dau, sau d6 giam déu va on dinh & 120 ngay. Riéng ddi véi CP1 ¢6

cuong do chiu nén thap nhat va trong hai méi truong dung dich H,SO,, HCI ndng
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d6 10% cudng d6 chiu nén c6 xu hudng ting ngan hon (trong 60 ngay dau), sau do
giam déu dén 120 ngay. Diéu nay ciing phu hop véi nghién ciu caa TS. Phan Buc
Hung [17] cho thiy bé tdng geopolymer ngam trong dung dich HCI nong do 10% &
hai méi truong tinh va dong déu c6 khuynh huéng 1am ting cuong do trong thoi

gian dau.

Khéac véi bé tong xi mang truyén théng hinh thanh tir qua trinh hydrat hoa xi
mang, bé tong geopolymer sir dung tro bay hinh thanh dwa trén qua trinh
geopolymer hda tao ra cac san pham kho bi tac dong boi hda chat do khéng cé su
hinh thanh gypsum hay ettringite tir qua trinh thuy héa xi mang. Két qua nay ciing
da dugc chi ra trong nghién cau cua S.E.Wallah va B.V.Rangan. [31]

Bé tong xi mang truyén théng qua trinh hydrat hoa xi mang phan ng tao ra
céc thanh phan khoang truc tiép tac dung véi ion SO,* hinh thanh gypsum hay

ettringite, pha v cau trdc bé tong, 1am giam cudng do nhanh trong thoi gian dau.

Bé tong geopolymer sir dung tro bay vé co ché an mon da duoc trinh bay &
muc 2.7.2, tham chiéu voéi phuong trinh phan Gng héa hoc cua qua trinh
geopolymer (Hinh 2.1) cho thay phan tng thay thé cac ion dwong c6 trong dung
dich axit vai ion (Na* va Ca*") vao lién két Si-O-Al, gitp chéng an mon va c6 xu
huéng lam ting cudng d6 trong thoi gian dau, qua trinh cu tiép dién s& pha v cau

trdc bé tong lam giam cuong d6 chiu nén cua bé tong geopolymer sau thoi gian dau.

Déi véi bé tbng geopolymer sir dung silicafume thay thé tro bay c6 xu huéng
tang cuong do lau hon vai bé tdng geopolymer sie dung tro bay vi silicafume co
ham luong hat min 16n, ¢é cau tric dang hinh cau d& dang bao boc cac hat khac l1am
giam tuong tac gitra C4C hat, ngodi ra con co tinh chat cia puzolan va tinh dinh két,
nén déng goép vao viéc ting cudng d6 va tinh bén bé tong. Bé téng sir dung
silicafume khi dudng ho, san pham cuia phan tng puzolanic chiém day 15 réng 1am

giam tinh tham, ting do bén, nang cao kha ning chéng an mon.
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M3t khac cip phdi bé tong sir dung silicafume c6 tinh cong tac tbt tao nén
mau c6 do dic chic cao, thoi gian chdng dn mon dai hon bé tong khong ¢ st dung

silicafume do tinh cong tac thap hon.

Ngoai ra do pH trong 156 réng cua bé tong geopolymer sir dung silicafume

cao nén mdi truong Kiém cao, chdng tac nhan dn mon do axit.

Do do, bé tong geopolymer sir dung tro bay c6 xu hudng tang cuong do
trong 60 ngay dau, con bé tdng geopolymer sir dung silicafume thay thé tro bay c6
xu hudng ting cuong do 1au hon (90 ngay) ngdm trong hda chat H,SO, va HCI

nong do 10%. Sau thoi gian d6 cac mau déu giam theo dung quy luat.

Theo Hinh 4.5 (a) cho thdy su anh hudng cta phu gia khoang silicafume dén
cudng do chiu nén theo thoi gian ngdm mau trong hoa chat H,SO, 5% vai ham
lugng thay doi tir 0 dén 15%. Cuong d6 chiu nén cia CP1 tang 1én 29.9% sau 90
ngay ngam trong hda chat va giam xuéng 3% sau 120 ngay ngam trong hda chat.
Murc ting cuong dJ tuong ung cia CP2, CP4 ting 1én 57% sau 90 ngdy ngam trong
hoa chat va giam xudng tuong (ng 1.4% va 3.4% sau 120 ngay ngam trong hoa
chat. Riéng ddi véi cap phdi CP3 cuong do chiu nén ting 1én 114% sau 90 ngay
ngam trong hda chat va giam xubng 0.9% sau 120 ngay ngam trong héa chat so voi

mau khong c6 ham luong silicafume.

Déi véi Hinh 4.5 (b) cho thdy cudng d6 chiu nén cia CP1 tang 1én 26% sau
60 ngay ngam trong hoa chat va giam xudng 6% sau 120 ngay ngam trong hoa chat.
Cuong d6 chiu nén CP3 ting 1én 106% sau 90 ngay ngam trong hoa chat va giam
xudng 3% sau 120 ngay ngam trong hoa chat so voi CP1. Bén canh d6 cho thay
CP1 dat cuong d6 chiu nén tét nhat sau 60 ngay, sau dé giam dan cuong do, con

CP3 tiép tuc ting cudng d6 dén 90 ngay, sau d6 cudng do giam dan dén 120 ngay.

Hinh 4.5 (c) két qua cho thay khi ngdm trong dung dich HCI 5% c6 khuynh

huéng 1am ting cuong do sau 90 ngay ngam trong hda chat, mic ting cuong do
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tuong tng vai CP1, CP2, CP3, CP4 la 26.5, 54, 108.7, 47% va giam tuong ung la

2.2, 4.3, 2.4, 3% so véi cap phdi dbi ching khdng co silicafume.

Két qua biéu dién trén Hinh 4.5 (d) cho thay CP1 dat cudng d6 tot nhat sau
60 ngay ngam trong héa chat, khi d6 CP2, CP3, CP4 cuong do tiép tuc hinh thanh

dén 90 ngay, sau d6 giam dan. Muc ting cudng do twong tng véi CP1, CP2, CP3,
CP4 14 22.4, 49.1, 100.8, 38.5% va giam nhiéu & CP1 10.3% so véi cap phdi doi

chung.

4.4 Anh hwéng cia ham hrong silicafume thay thé tro bay va thei gian ngam

mau dén dé thay déi khéi lweng cia mau

Phan tram khéi luong thay ddi dugc xac dinh theo cong thic sau:

Trong do:

A=

m2-ml

A : Do thay doi khéi luong (%)

m1: Khéi luong mau truge khi ngam (g)

m2: Khéi lwong mau sau khi ngam (g)

x 100

Két qua thi nghiém vé do thay d6i khdi lugng (%) cua cac cap phdi theo thoi

gian ngdm mau trong cac moi trudng in mon dugc trinh bay trong Bang 4.3
Bang 4.3 Két qua thi nghiém sy thay doi khéi luong mau (%)
a) Ngam trong hoa chat H,SO, 5%

% khéi luong thay doi

Thot gian (ngay)

30

60

90

120

CP1 (0%SF)

-0.53

-0.70

-0.90

-1.08
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CP2 (5%SF) 026 | -045 | -0.64 | -0.74
CP3 (10%SF) -0.11 -0.29 -0.42 -0.44
CP4 (15%SF) 023 | -040 | -053 | -0.68
b) Ngam trong hda chat H,SO, 10%
% khdi lugng thay dbi
Thoi gian (ngay) 30 60 90 120
CP1 (0%SF) -0.69 -1.00 -1.43 -1.66
CP2 (5%SF) 045 | -053 | -074 | -0.90
CP3 (10%SF) -0.13 -0.41 -0.48 -0.56
CP4 (15%SF) 034 | -045 | -064 | -0.82
c¢) Ngam trong hda chat HCI 5%
% khéi luong thay doi
Thoi gian (ngay) 30 60 90 120
CP1 (0%SF) 081 | -1.15 | -128 | -1.49
CP2 (5%SF) -0.53 -0.67 -0.83 -1.02
CP3 (10%SF) 014 | -045 | -052 | -0.58
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CP4 (15%SF) 043 | -062 | -074 | -0.93

d) Ngam trong hoéa chat HCI 10%

% khdi lugng thay dbi
Thoi gian (ngay) 30 60 90 120
CP1 (0%SF) -1.62 -2.02 -2.15 -2.34
CP2 (5%SF) -1.22 -1.51 -1.71 -1.84
CP3 (10%SF) -0.29 -0.70 -0.93 -0.96
CP4 (15%SF) -1.00 -1.17 -1.61 -1.69
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a) Su thay d6i khdi luong theo thoi gian ngdm mau trong dung dich H,SO, 5%
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¢) Su thay d6i khéi lwong theo thoi gian ngdm mau trong dung dich HCI 5%
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d) Su thay d6i khéi luong theo thoi gian ngam mau trong dung dich HCI 10%

Hinh 4.6 Sy thay d6i khbi lwong theo thoi gian ngdm mau trong céc dung dich

Két qua ngdm mau trong céc dung dich dugc thé hién & Hinh 4.6 cho thay

khi ngam trong dung dich H,SO, 5% céc cap phdi déu giam khéi luong. Trong dé
cap phdi giam khéi luong it nhat sau 120 ngay ngdm mau la cap phdi CP3 0.44%,
cap phdi giam khéi luong nhiéu nhat 1a cap phdi CP1 1.08%, cac cap phoi CP2,
CP4 c6 khdi lugng giam tuwong tng 1a 0.74, 0.68% sau 120 ngay ngam trong hoa

chét.

Doi voi cap phdi ngam trong dung dich H,SO, 10% Hinh 4.6 (b), thi khéi
luong tiép tuc giam ¢ CP1 sau 120 ngay ngdm mau 1.66%, cac cap phdi c6 ham
lugng silicafume thay thé tro bay 5, 15% sau 120 ngay ngam hoa chat c6 khéi
luong giam it hon khoang 0.9%. Riéng cip phdi c6 10% silicafume thay thé tro bay
(CP3) giam 0.56%.

Hinh 4.6 (c) két qua cho thay khi ngam trong dung dich HCI 5% sau 120
ngay thi cap phdi CP1 c6 khéi luong giam 1.49%, cap phdi CP2, CP3, CP4 c6 khéi
lugong giam tuwong tng 1.02, 0.58, 0.93%.
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Sy thay ddi khdi lugng theo thoi gian dwoc thé hién rd hon & Hinh 4.6 (d)
két qua cho thay khi ngam trong dung dich HCI 10% sau 120 ngay thi cip phéi CP1
¢ khéi lwong giam nhiéu hon twong tng 2.34%, cap phéi CP2, CP3, CP4 c6 khéi
luong giam it hon twong tng 1.84, 0.96, 1.69%. Tuy nhién mau ngam trong thoi
gian dai thi phan traim giam khdi lugng mau lai 6 xu huéng giam bét theo thoi
gian. Két qua nay cd thé giai thich sau thoi gian dau c6 su tic dong manh cua dung
dich ngadm mau thi lai xay ra hién twong hap thu dung dich vao trong mau. Diéu nay

cting duoc chi ra trong nghién ctru cta TS. Phan Btic Hung [17].

Két qua Hinh 4.6 cho thiy mau bé tong geopolymer khong c6 ham lugng
silicafume déu bi an mon nhiéu hon cac miu c6 ham luong silicafume thay thé tur 5
dén 15% trong hai moi trudong axit. Trong d6 mau CP3 c¢6 ham luong silicafume
thay thé tro bay 10% c6 d6 sut giam khéi luong it hon khoang 0.8% trong dung
dich H,SO, va 1.69% trong dung dich HCI. Do d6 cép phdi CP3 c6 d6 dic chac tot
hon nén kha niang chdng xam thuc caa hoa chat ciing tot hon, bao vé cho bé tong
geopolymer chéng xam thuc cao. Cap phdi CP1 c6 do dic chic kém hon nén kha
nang chong lai sy xam nhap cua hoa chat ciing yéu hon. Két qua nay giéng Voi
nghién ciru caa X.J.Song va cong su [13] khi mau c6 vét nat hay do dic chac kém,
c4c ion gdc sunfat SO,” tir dung dich axit s& khuyét tan vao cac 16 réng va phan
{tng V&i céc ion Canxi Ca?* cua vt liéu, din dén su ling dong tinh thé thach cao
(CaS0,4.2H,0). Nhiing tinh thé thach cao gdy dn mon mot phan bé mat vat liéu
geopolymer nhung ciing tré thanh 16p phu bao vé, gay &c ché qua trinh tham nhap

vao sau hon cua ion sunfat, han ché duoc an mon.

4.5 Cwong dd chiju nén cha cap phéi CP1, CP3 theo thai gian ngdm trong moi
treong dung dich H,SO4 va HCI 10%

Két qua thi nghiém vé cudong do chiu nén caa cap phdi CP1, CP3 theo thoi
gian ngdm trong méi truwong dung dich H,SO,4 va HCI 10% duoc trinh bay trong
Bang 4.4.
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Bang 4.4 Két qua thi nghiém cuong do6 chiu nén (MPa)

a) Cap phdi CP1 (0%SF cap phdi dbi chung)

Cuong do chiu nén (MPa)

Thoi gian (ngay) 0 30 60 90 120
H,SO, 10% 14.99 17.08 18.93 18.59 17.99
HCL 10% 14.99 16.53 18.36 17.96 16.81
b) Céap phdi CP3 (10%SF)
Cuong do chiu nén (MPa)

Thoi gian (ngay) 0 30 60 90 120
H,SO, 10% 25.66 28.11 29.51 30.89 30.53
HCL 10% 25.66 27.81 28.98 30.11 29.30
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Hinh 4.7 Cuong d6 chiu nén cua cap phéi CP1 (0%SF) theo thoi gian ngam
trong moi trueong dung dich H,SO, va HCI 10%
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Hinh 4.8 Cuong do chiu nén cia cap phdi CP3 (10%SF) theo thoi gian
ngam trong moi truong dung dich H,SO4 va HCI 10%
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Két qua thi nghiém cho thdy CP1 c6 cudng do chiu nén ting dan sau 60 ngay
ngam mau trong hai méi truong axit H,SO, va HCI, muc ting twong tng 26.2% va
22.4%, sau d6 giam dan cuong d6 dén 120 ngady, muc giam twong Gng 6.2% va
10.3% so véi mau tai thoi diém 60 ngay. Cuong do chiu nén cua cap phéi sir dung
10% silicafume (CP3) tiép tuc phat trién cudng do chiu nén dén thoi diém 90 ngay
theo két qua thi nghiém, mutc ting tuwong ung 106 va 100.87% so v4i mau dbi
chting. Tuy nhién khi tang thoi gian ngdm mau 1én 120 ngay thi cudng do chiu nén
giam xudng twong (g 2.37 va 5.42% so vai thoi diém 90 ngay.

4.6 Pd thay déi khdi lwong cia cap phdi CP1 (0%SF), CP3 (10%SF) theo thoi
gian ngam trong moi trwong dung dich H,SO, va HCI 10%

Két qua thi nghiém vé do6 thay do6i khdi lwong cua cap phéi CP1, CP3 theo
thoi gian ngdm trong méi truong dung dich H,SO4 va HCI 10% duoc trinh bay
trong Bang 4.5.

Bang 4.5 Do thay doi khdi lugng cia CP1, CP3 (%)

a) Cap phdi CP1 (0%SF: cap phdi d6i chizng)

% khéi luong thay ddi
Thoi gian (ngay) 30 60 90 120
H,SO, 10% -0.69 -1.00 -1.43 -1.66
HCL 10% -1.62 -2.02 -2.15 -2.34
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b) Cap phéi CP3 (10%SF)

% khdi luong thay d6i
Thoi gian (ngay) 30 60 90 120

H,SO, 10% -0.13 -0.41 -0.48 -0.56

HCL 10% -0.29 -0.70 -0.93 -0.96
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Hinh 4.9 B¢ thay doi khdi luong cta cap phdi CP1 (0%SF) theo thoi gian
ngam trong moi truong dung dich H,SO,4 va HCI 10%
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Hinh 4.10 D thay doi khdi lugng cua cap phdi CP3 (10%SF) theo thai gian
ngam trong moi truong dung dich H,SO,4 va HCI 10%

Do thay doi khéi lwong & cap phéi CP1, CP3 déu c6 xu huéng giam dan.
Trong hai loai dung dich axit dung dé ngdm mau thi dung dich HCI 10% c6 téc do
giam khoi luong nhiéu hon 0.96% sau 120 ngay ngdm mau cho CP3. Biéu nay cho
thiy ¢ sy phan (ng mang cua dung dich ngdm mau Ién khbi luong cua mau bé
téng geopolymer. Tuy nhién, so véi mau d6i chiing (CP1) thi sy giam khdi lugng
cuia cap phdi CP3 ton tai trong moi truong axit van bé hon, mau bé tong ddi chiing
giam khdi luong 1én dén 2.34% sau 120 ngay. Day ciing chinh 13 nhan dinh cia
X.J.Song va cong su [13], bé tobng geopolymer ngam trong dung dich axit H,SO,
10%, sau 56 ngay cho thay ton that khéi luong cua bé tong 1a it hon 3% va khéi
geopolymer con nguyén ven vé mat cau triic va van cd kha nang chiu tai dang ké

mac du toan bo da trung hoa bai axit.
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Chuong 5: KET LUAN VA HUONG PHAT TRIEN

CUA DE TAI

5.1 Két luan

Dé tai nghién ctu thuc nghiém nham bao vé méi trudng, bao vé ngudn tai

nguyén thién nhién va tan dung cac ngudn nguyén vat liéu phu pham, phé pham dé

ché tao ra bé tdng geopolymer sir dung silicafume thay thé tro bay khi ngam trong

moi truedng axit nham danh gia do bén va kha ning chdng an mon cua loai bé tong

nay trong diéu kién méi truong lam viéc khac nghiét. Tir d6, dé tai hudng dén phat

trién cac san pham mang tinh than thién véi moi truong va bén viing theo thoi gian

nham phuc vu cho nhu cau ngay cang cao cua con nguoi.

Mot s6 nhan xét va két luan duge rat ra nhu sau:

Bé tong geopolymer sir dung silicafume thay thé tro bay sau mét thoi
gian ngadm trong mai trudng axit cd cuong dod chiu nén tuong ddi on
dinh. Piéu nay cho thay kha ning lam viéc cua bé tdng geopolymer sir
dung silicafume thay thé tro bay trong méi trudng xam thuc.

Kha nang chiu nén cua bé tong geopolymer d6i voi céc loai hoa chat
cling thé hién rd rét khi ting ham luong silicafume. Déi véi cap phdi sir
dung ham luong 5% dén 10% silicafume thay thé tro bay sau thoi gian
120 ngay ngam trong cac méi trudng axit c6 nong do lan luot H,SO,
5%, H,SO,4 10%, HCI 5%, HCI 10% thi dat cuong do tét hon. So véi
mau d6i chiang, mac ting cuong do twong ¢ng voi ham lwong 5%
silicafume la 55.72, 50.33, 49.98, 41.65%, v&i ham luwong 10%
silicafume la 113.26, 103.67, 106.31, 95.45%. Tuy nhién khi ham lugng
silicafume ting 1én 15% thi cuong do chiu nén caa cap phdi bé tong nay
giam xudng twong (g 59.71, 63.81, 62.04, 62.76% so Vai cap phdi sir

dung ham Iugng silicafume 10%.
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Kha ning chong an mon dbi véi cac loai hda chat ciing thé hién rd rét
khi ting ham luong silicafume. Ddi véi cip phdi sir dung ham luong 5%
dén 10% silicafume thay thé tro bay sau thoi gian 120 ngay ngam trong
moi truong axit o nong d6 lan luot H,SO, 5%, H,SO, 10%, HCI 5%,
HCI 10% c6 ton that khdi luong thap nhat, mac giam khéi lwong twong
ung vai ham luong 5% silicafume la 0.74, 0.9, 1.02, 1.84% va&i ham
luong 10% silicafume la 0.44, 0.56, 0.58, 0.96%. Tuy nhién khi ham
luong silicafume ting 1én 15% thi mac giam khéi luong nhiéu hon
trong tng 1a 0.24, 0.26, 0.34, 0.73%, so véi mic giam khdi luong cua
bé tdng c6 ham luong 10% silicafume. Trong khi cap phdi bé tong dbi
chung c6 mic giam khéi luong 16n twong Gng la 1.08, 1.66, 1.49,
2.34%.

Cap phdi bé tdng geopolymer sir dung ham lwgng 10% silicafume thay
thé tro bay sau thoi gian 120 ngay ngam trong méi truong axit ¢d nong
d6 tuong tng H,SO,4 va HCI 10% dat cuong d6 chiu nén cao hon 83%
so véi cap phoi bé tong geopolymer ddi ching va mat khdi luong 1a
0.96%. Trong khi cip phéi bé tong geopolymer ddi ching (cap phdi
khong c6 silicafume) cudong do chiu nén ting dén 20% va mat khoi
lugng 1én dén 2.34% sau 120 ngay tiép xlc véi axit H,SO, va HCI nong
do 10%.

5.2 Hwéng phat trién dé tai

Két qua cua nghién ciu c6 thé phat trién rong hon, danh gia toan bo cac yéu
t5, khdng chi ding lai ¢ bai toan cudng do va khéi luong dn mon thuc nghiém trén
mau thir. C thé ma rong ra cho cac cau kién cong trinh, nghién ctu cac hé s lién
quan dén chat lugng bé tdng nhu moé dun dan hdi, hé sé poisson,... gop phan hoan
thién Iy thuyét tinh toan, co s& khoa hoc cho mét vat liéu méi than thién véi moi

trudng nham dua bé tong geopolymer vao sir dung rong rai trong linh vuc xay dung.
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DPong thoi dé cd thé du doan nghién ciru siu hon vé nhirng kha ning chéng
choi trudc nhiéu yéu té tac dong tir moi truong khac nhau va tiép tuc phét trién
thém linh virc m6 phong an mon & nhiéu loai hda chat gdy an mon khac.

Ngoai ra con c6 thé ap dung silicafume thay thé tro bay dé ting cuong kha

ning chdng dn mon cho bé téng geopolymer sir dung céc vat liéu nhe...
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