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. BO GIAO DUC VA PAO TAO
TRUONG PAI HQC SU PHAM KY THUAT
THANH PHO HO CHI MINH
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l %@s ‘

HCMUTE

CHUYEN DPE THAC Si
PHAN HUU DUC
MSHV: 1780811

NQHIEN cuUU TAIA\IG ACU’(‘)’NG KHA N§NG CH()NG
AN MON CHO BE TONG TRONG MOI TRUONG
AXIT CUA CAC LOAI KHOANG HAT MIN

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

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

Thanh pho Hé Chi Minh, thang 8/2019



BO GIAO DUC VA PAO TAO CONG HOA XA H0I1 CHU NGHIA VIET NAM

TRUONGDAIHOCSU PHAMKY THUAT Péc lap - Tw do - Hanh phiic
THANH PHO HO CHI MINH
S$6:1592/QD-PHSPKT Tp. H5 Chi Minh, ngay 28 thdng 8 ndm 2018
QUYET PINH

Vé viéc giao d@ tai ludn vin tdt nghiép va ngwoi hwéng din nam 2018
HIEU TRUONG TRUO'NG DAl HOC SU’ PHAM KY THUAT TP. HO CHi MINH

Can ctv Quyét dinh sé 426/TTg ngay 27 thang 10 nim 1976 cia Thu twéng
Chinh phi vé mét s6 van dé cdp bach trong mang lwdi cac trudng dai hoc va Quyét
dinh s6 118/2000/QP-TTg ngay 10 thang 10 ndm 2000 ctia Tha twéng Chinh phi vé
viéc t6 chitc lai Pai hoc Qudc gia Thanh Phé H6 Chi Minh, tich Trudng Pai hoc
Sw pham Ky thuat Thanh ph6 H6 Chi Minh tryc thudc Bd Gido duc va Do tao;

Can ctr Quyét dinh s6 70/2014/QD-TTg ngay 10 thang 12 ndm 2014 cta Tha
twéng Chinh pht vé viéc ban hanh biéu 1é trwdmg Pai hoc;

Can civ Quyét dinh s6 937/QDP-TTg ngay 30 thing 6 nam 2017 vé viéc phé
duyét dé an thi di€ém d6i mdi co ché hoat dong cda Trwong Pai hoc Sw pham
K§ thuat Tp. H6 Chi Minh;

Can ctt Thong tw s6 15/2014/TT-BGDDT ngay 15/5/2014 ctia Bd Gido duc va
Pao tao veé viéc Ban hanh Qui ché dao tao trinh dd thac si;

Can ctr vao Bién ban bao vé Chuyén dé ctia nganh Ky thuét xay dwng cong trinh
dan dung & céng nghiép vao ngay 24/08/2018; ¥ |

Xét nhu cau céng tac va kha nang can bo;

Xét dé nghi cua Trwdng phong Pio tao,

QUYET PINH:

biéu 1. Giao dé tai Luan van tot nghiép thac si va ngudi hwéng din Cao hoc

nam 2018 cho: :

Hoc vién : Phan Hiru Pirc MSHV: 1780811
Nganh : Ky thudt xay dwng céng trinh dan dung & cong nghiép
Tén dé tai : Nghién ciru tang cwdng khd ndng chéng dn mon cho bé

tong trong méi trwong axit ctia cdc loai khodng hat min.

Ngwoi hwéng dan : PGS.TS. Phan Pirc Hilng

Thoi gian thwe hién: T ngay 28/8/2018 dén ngay 28/02/2019

Piéu 2. Giao cho Phong Dao tao quan ly, thuc hién theo ding Qui ché dao tao
trinh do thac si cua BO Gido duc & Pao tao ban hanh.

Piéu 3. Trwdng cac don vi, phong Dao tao, cadc Khoa quan nganh cao hoc va cac
Ong (Ba) c¢ tén tai Ditu 1 chiu trach nhiém thi hanh quyét dinh nay.

Quyét linh c6 hiéu lwc ké tir ngay ky./. d(

Noi nhén : 1EU TRUONG
- BGH (dé biév); (BN TRUONG
- Nhu diéu 3;

- Lwu: VT, SDI (3b).



BO GIAO DUC VA DAO TAO CONG HOA XA HQI CHU NGHIA VIET NAM
TRUGNG PAI HQC SU PHAM KY THUAT Pic lip - Tw do - Hanh phiic
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 chdm LVTN theo QP sé: 1315/QD-PHSPKT-SPH, ngdy 11/07/2019

Co mit TP RO, Ving mjt: .....k4.....
Chy tich Hoi ddng . TS, Trdéin Tudn Kiét

Thu ky Hoi ddng : TS. Lé Anh Thdng

Hoc vién bao vé LVTN : Phan Hiru Dirc MSHV: 1780811

Giang vién huéng din : PGS.TS. Phan Dikc Hing
Giang vién phan bién : TS. Pham Duc Thién
‘ TS. Nguyén Dinh Hiing
Tén dé tai LVTN : Nghién civu ting cwong khd ndng chéng dn mon cho bé téng trong méi
. L _ trwong axit ctia cdc logi khodng hat min.
L KET QUA BAO VE:
TT Thanh vién héi dong
TS. Tran Tudn Kiét
TS. L& Anh Thing
ITS. Pham Btrc Thién
TS. Nguyén Dinh Hung
PGS.TS. Vii Héng Nghiép
Téng diém
Diém trung binh

Ghi chi
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II. KET LUAN:
{Thu ky hgi ddng ghi ré cdc ¥ kidn cia thanh vién hoi déng vé viée chinh sia, bé sung nhiing ndi dung gi trong LVTN)

Tp.Hé Chi Minh, ngay 21 thdng 7 ndm 2019
CHU TICH HQ1 PONG THU KY HQI PONG
(Ky, ghi rd hoc ham, hoc vi & hp tén) (Ky, ghi r6 hoc hany hoc vi & ho tén)
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BO GIAO DUC VA PAO TAO
TRUONG PAI HQC SU PHAM KY THUAT
THANH PHO HO CHI MINH

N\ y

HCMUTE

PHIEU NHAN XET LUAN VAN THAC SY
(Danh cho gidang vién phan bi€n)

Tén dé tai ludn vin thac s§: Nghién ciru ting cuong kha nang chéng dn mon cho bé téng trong méi truong
axit cua cac loai khoang hat min.

Tén tac gia: PHAN HUU BUC MSHV: 1780811
Nganh: Ky thuat xay dung cong trinh dan dung va cong nghiép Khoéa: 2017
Pinh hwéng: Ung dung

Ho va tén nguwdi phan bién: TS.Pham Pac Thién

Co quan cong tac: Khoa Xay Dung - Truong DPai hoc Su pham Ky thuat TpHCM

Dién thoai lién hé: 0949596128

I. Y KIEN NHAN XET
1. V& hinh thitc & két cAu ludn vin:

- Con mdt s6 16i vin ban, lap tir,. ..
- Xem thém muc 2.5 cua bang nhan xét nay.

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

- Can cai thién thém, xem muc 2.5 cua bang nhan xét nay.

2.2. Nhin xét ddanh gid viéc sir dung hodc trich dan két qua NC ciia ngwoi khdc c6 diing qui dinh
hién hanh cua phdp ludt sé hiru tri tué

- Trich dn ding quy dinh
- Trich dan nghién ctru trong nudc con kha it.

2.3. Nhén xét vé muc tiéu nghién ciru, phwong phdp nghién ciru sir dung trong LVTN
- Muyc ti€u nghién ctru rd rang, phuong phap nghién ctru phu hop.
2.4. Nhin xét Téng quan ciia dé tai

- Phan tong quan cua dé tai kha tot, tuy nhién van c6 thé duoc cai thién, bo sung nhan xét danh gia dé néu
bat dugc muc ti€u cua dé tai mot cach mach lac, ro rang va thuyét phuc hon.

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



- Chuong téng quan néu nhiéu ndi dung, can trich dan day du hon dé minh chtng.

- Muc 3.2.6 “...dudng ho trong 28 ngay sau dic miu dé bé tong dat cuong do cao nhat...” 1a chua hop ly.

- Khong thdy trmh bay cach xac dinh khéi lugng trude va sau khi ngdm mau. Téc gia co cach nao dé quy vé
khéi luong thé tich trude va sau khi ngam khong?

- Phin 4.1 Kiém tra truc quan nén bd sung nhiéu hinh anh mau tir chua ngm dén ngam theo cac mdc thoi
gian cho tung loai cap phdi va timg loai dung dich va néng do dung dich dé c6 cai nhin tong quat hon. Nén
b sung thém cac giai thich va bién luan cho phan k1em tra tryc quan nay.

- Hinh 4.3 ¢6t 2 va 3 nén ghi rd 0%FA. Khoang gia s6 mdi budc 10% FA va5% Silicafume 1a kha 16n, néu
tac gia thuc hién duoc thi nghi¢ém cho cac ham luong xung quanh 10% FA va 10% Silicafume thi ham
lwong toi vu s€ dugc xac dinh chinh xac va thuyét phuc hon.

- Ta déu biét rang cuong do cua bé tong xi mang tlep tuc tang c6 thé dang ké sau tudi 28 ngay. Téc gla lai
khong c6 cac mau khong ngédm & tudi sau 28 ngay dé so sanh ma chi so sanh cuong d6 mau ngdm véi mau
khong ngadm ¢ 28 ngay tudi 1a chua thue sy thuyét phuc

- Céc d6 thi cudng do, khdi lvong miu nén thé hién véi truc ngang 1a thoi gian (ngdy) thi sé& d& theo ddi hon.

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

- Pé tai voi céc két qua thyc nghiém da thyc hién c6 thé dung lam tai li¢u tham khdo va co s& khoa hoc cho
cac nghién ctru tiép theo.

2.7. Ludn vdn cdn chinh sira, b6 sung nhirng néi dung gi (thiét sét va ton tai):

- Xem va chinh stra theo muyc 2.5 cia bang nhan xét nay.

I. CAC VAN DPE CAN LAM RO
(Cdc cau hoi cua giang vién phan bién)

1/ Tac gia chi 1 sy khac biét giita d& tai nghién ciru ctia minh so véi nghién ciru trich dan s6 [8] cua tac gia
A. K. Tamimi va trich dan sb [23] cua tac gia K. Torii?

2/ Téc gia trinh bay cach xac dinh ndng d6 acid nguyén liéu va dung dich acid d thi nghiém? Gia str chi dua
vao thong tin nha cung cap va tinh toan pha dung dich thi thi nghiém c6 dang tin cay khong?

3/ Téc gia trinh bay rd quy trinh va diéu kién dudng ho mau bé tong? Vi diéu kién dudng hd nay (kho, nhiét
am hay ngam trong nudc, . ) anh huong kha dang ké dén két qua do khdi luong va két qua ngam acid vé
sau. Sau khi ngam acid tac gla XU ly mau nhu thé nao trude khi do khéi lugng va nén thir cu:cmg do?

4/ BAng 3.8 vi sao khong c6 céac cap phéi v6i 0% Silicafume va 10% FA, 0% Silicafume va 20% FA, dé so
sanh danh gia duoc dy du va thay 16 rang hon dnh hudng ctia timg chat trong hdn hop bé tong?

5/ Do han ché vé thoi gian thi nghiém, néng dd dung dich acid duoc tac gia lya chon kha 16n hon so voi diéu
kién moi truong pho bién thuce té. Tac gid co cach gi dé quy doi toc d§ an mon nay cho cac nong do acid nho
hon khong?

6/ Hinh 4.10, tac gia co thé giai thich rd hon co ché vi sao khi thém silicafume va FA thi ty 1¢ mét khi
luong giam, nhung khi ting FA dén 20% thi ty 1¢ mat khdi lwong lai ting dang ké?

I11. PANH GIA

TT Muc danh gia Danh gia
Pat Khong
dat

1 |Tinh khoa hoc, rd rang, mach lac, khuc chiét trong ludn van

2 |Panh gi4 viéc sir dung hoic trich din két qua NC ciia nguoi khac c6 dung qui

dinh hién hanh cua phap luat s¢ hitu tri tué

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

4 |Téng quan cia dé tai X

5 [Panh gia vé noi dung & chat lvong cuia LVTN X

6 |DPanh gia vé kha ning timg dung, gia tri thuc tién cua dé tai X

DPdnh ddu chéo (x) vao 6 muén Pdnh gid




I1I. KET LUAN
(Gidng vién phan bién ghi ré y kién “Tdn thanh ludn van” hay “ Khong tdn thanh ludn vin")
Téan thanh ludn van, sau khi chinh stra theo cac gop y cua 2 PB va Hoi déng
TP.HCM, ngay 21 thang 7 nam 2019
Nguwoi nhan xét
(Ky & ghi rd ho tén)

//

TS.Pham Duc Thién



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 gidang vién phan bi€n)

Tén dé tai ludn vin thac s§: Nghién ciru ting cuong kha nang chéng dn mon cho bé téng trong méi truong
axit cua cac loai khoang hat min.

Tén tac gia: PHAN HUU BUC MSHV: 1780811
Nganh: Ky thuat xay dung cong trinh dan dung va cong nghiép Khoéa: 2017
Pinh hwéng: Ung dung

Ho va tén nguoi phan bién: TS Nguyén Pinh Hung

Co quan cong tac: DPai hoc Quéc té

Dién thoai lién hé: 0698069559

I. Y KIEN NHAN XET
1. V& hinh thitc & két cAu ludn vin:

Luan van voi két ciu 5 chuong gom tong quan, co so ly thuyet nguyen vat liu va phuong phép thi nghiém,
két qua thi nghiém va két luan. Két cdu luan van phu hop véi yéu cau cta luan vin thac sy.

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

Tac gia da tiép thu kién thirc co ban vé cac loai an mon axit trong bé tong va cac kién thirc vé vat liéu xay
dung trong x4y dung cong trinh. Cac nguyén vat liéu dugc danh gia va phén tich dé sir dung va qua trinh
thuc hién thi nghiém rat bai ban, c¢6 chat lugng va dg tin cay cao.

Két qua thi nghi€m chi ra rﬁng, bé tong bi dn mon boi HCL 1a manh hon so vbi H2S04 sau thoi gian bi
ngam 90 ngay. Khi sir dung silica fume két hop véi tro bay 1am cho cuong do bé tong cao hon, 10% Silica
fume va 10% tro bay 1a cho két qua cao nhét. Khéi lugng mat mat ciia cac mau bé téng c6 sir dung silica
fume va tro bay ciing giam lam cho cudng d6 bé téng va chat lugng bé tong duoc ting 1én so voi mau ddi
chung.

2.2. Nhin xét ddanh gid viéc sir dung hodc trich dan két qua NC ciia ngwoi khdc c6 diing qui dinh
hién hanh cua phdp ludt sé hiru tri tué

Céc trich dan dam bao yéu cau.

2.3. Nhén xét vé muc tiéu nghién ciru, phwong phdp nghién ciru sir dung trong LVTN
Téc gia su dung phuong phap nghién ctru phan tich, so sanh va danh gié trong luan vén 1a phu hop.
2.4. Nhin xét Téng quan ciia dé tai

Luan van dat loai kha tré 1én

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

Noi dung cua luan vin dap tmg yéu ciu cua ludn vin thac sy.

2.6. Nhdn xét ddnh gid vé kha ndng g dung, gid tri thwc tién cia dé tai

Két qua cua luan vin co tinh thyc tién, c6 thé ap dung dé tim két ciu phu hop.

2.7. Ludn vdn cdn chinh sira, b6 sung nhirng néi dung gi (thiét sét va ton tai):

Déi chd ¢6 cac 16i chinh ta

II. CAC VAN PE CAN LAM RO



(Cdc cau hoi cua giang vién phan bién)

1. Em hay cho biét, lidu co thé danh gia duoc ham luong HCI hay H2S04 5% va 10% thi twong duong trong
thyuc t€ voi ham lugng HC1 hay H2SO4 5 nho bé tong ¢6 thé chiu dugc bao nhiéu lau?

2. Em c6 thé néu 1y do tai sao lai chon cip phdi bé tong thap?

I1I. PANH GIA

TT Muc danh gia Danh gia
Dat Khong
dat

1 |Tinh khoa hoc, rd rang, mach lac, khuc chiét trong ludn van

2 |Panh gia viéc str dung hodc trich dan két qua NC ctia ngudi khac c6 ding qui

dinh hién hanh cua phap luat s¢ hitu tri tué

3 |Muc tiéu nghién ctru, phuong phap nghién ctru sir dung trong LVTN X

4 |Téng quan cua dé tai X

5 [Panh gia vé noi dung & chit luong caia LVTN X

6 |Panh gia vé kha ning timg dung, gia tri thuc tién cua dé tai X

Ddnh ddu chéo (x) vao 6 muén Ddnh gid

I1I. KET LUAN

(Gidng vién phan bién ghi ré y kién “Tdn thanh lugn vian® hay “ Khong tin thanh lugn van")

Tan thanh luan van

TP.HCM, ngay 21 thang 7 nam 2019

Nguwoi nhan xét
(Ky & ghi 10 ho tén)

.
’

.-""".FF.

TS.Nguyén Dinh Hung




LY LICH KHOA HOQC
I.LY LICH SO LUQC:

Ho va tén: PHAN HU'U PUC

Ngay, thang, nam sinh: 20/8/1988

Qué quén: huyén Thoai Son, tinh An Giang

Gigi tinh: Nam
Noi sinh: Bong Thap
Dén toc: Kinh

Chd & riéng hoic dija chi lién lac: x4 Binh Thanh, huyén Thoai Son, tinh An Giang.
bién thoai: 0974567870

E-mail: ducag67@gmail.com

II. QUA TRINH PAO TAO:

1. Trung hec chuyén nghiép:

Hé dao tao: Thoi gian dao tao tr dén
Noi hoc (trudng, thanh phd):

Nganh hoc:

2. Pai hoc:

Hé dao tao: Vira hoc vira lam Thoi gian dao tao: tir 2007 dén 2012

Noi hoc (trudng, thanh phd): Pai hoc Tén Puc Thang TP. H5 Chi Minh

Nganh hoc: Xay dung cbng trinh Dan dung va Cong nghiép.

Tén d6 &n, luan &n hodc mén thi tét nghiép: Thiét ké Vién nghién cau Khoa hoc Néng
nghiép Mién Nam.

Ngay & noi bao vé do an, luan &n hoac thi tét nghiép: nim 2012 tai Pai hoc Tén Puc
Thang thanh ph H6 Chi Minh

Nguoi huésng dan: Th.S V6 Minh Thién

3. Thac sy:

Hé dao tao: Chinh quy Thoi gian dao tao: tir nam 2017 dén nam 2019

Noi hoc (trudng, thanh phd): truong Pai hoc Su pham K5 thuat Tp.HCM

Nganh hoc: Ky thuat xay dung cong trinh dan dung va céng nghiép.

Tén d6 an, luan an hoic mon thi tét nghiép: Nghién ctu tang cuong kha ning chdng an
mon cho bé tong trong moi truong axit cua cac loai khoang hat min.

Ngay & noi bao vé d6 an, luan &n hoic thi tot nghiép: ngay 21/7/2019 tai truong Pai
hoc An Giang.

Ngudi huong dan: PGS.TS. Phan Buc Hung.

4. Tién si:

H¢ dao tao: Thoi gian dao tao tir .../... dén .../ ...

Tai (truong, vién, nudc):

Tén luan an:

Ngudi huéng dan:

Ngay & noi bao vé:

5. Trinh d ngoai ngir (biét ngoai ngir gi, mic d6): Anh vin cip d6 B1 khung Chau Au.

6. Hoc vi. hoc ham. chitc vu ki thuat dwoc chinh thirc cip; sé biang. ngay & noi cap:

111. QUA TRINH CONG TAC CHUYEN MON KE TU KHI TOT NGHIEP PAI HQC:

Thoi gian Noi cong tac Cong viéc dam nhiém
2015 dén nay | Ban Quan Iy Di tich Vin hoa Oc Eo tinh An Giang Chuyén vién
IV. CAC CONG TRINH KHOA HQC PA CONG BO:
XAC NHAN CUA CO QUAN Ngay ...... thang 8 nam 2019

(Ky tén, dong ddu) Nguoi khai ky tén




LOT CAM DOAN
T6i xin cam doan day la cong trinh nghién cttu caa Toi.

Céc sb liéu, két qua néu trong luan vin 1a trung thyc va chua ting duoc ai cong

bé trong bat ky cdng trinh nao khac.

Tp. H6 Chi Minh, ngay ... thang 8 nam 2019
(Ky tén va ghi rd ho tén)

PHAN HU'U PUC



LOI CAM ON

Sau thoi gian hoc tdp va ren luyén tai trueong Dai hoc Su Pham Ky Thudt Thanh
Phé Ho Chi Minh, dwoc sue hé tro cua quy Thdy, C6 trong trwong Téi da hodn thanh
ludn vén tét nghiép. Toi xin chan thanh cam on Ban Giam Higu cung quy Thay, Co
cua truong di tao diéu kién thudn loi cho T6i hoc tdp nang cao cd tri thizc va 16i song.

Tdi xin bay té 16ng biét on dén Ban Chai nhigm Khoa ciing cac Thay, C6 khoa
Xay dwng da quan tam, giang day va truyén dat kién thirc vo ciing quy bau trong qua
trinh hoc tdp ciing nhir trong thoi gian thuc hién ludn van tét nghiép cia Toi.

Va dac biét Toi vo cung biét on Thdy Phan Pirc HUNG da tan tinh givp dé va ho
tro chi bao Toi ngay tir bude dau 1am ludn vén, trang bi va truyén dat cho Toi nhiing
kinh nghiém, kién thitc quy bdu d@é nghién citu, ciing nhw goi mé nhitng phirong huréng
dé thuec hién, hoan thanh tér dé tai tét nghiép.

Va cam on cac ban lop XDC17B ciing nhw cdc lop Khac da nhiét tinh giup do
chan thanh gop y kién thize dé ludn van hodn chinh hon.

Ludn van tét nghiép 1a qua trinh nghién cizu 1au dai va si hé tro cua quy Thay
Truong Pai hoc Sw Pham Ky Thugt Thanh Phé Ho Chi Minh. Tuy rang ludn van nay
dwoc thyc hién Véi s 6 gang 16m lao, nhung ciing khéng it sai sot trong qud trinh
nghién cizu. Rat mong nhdn dwroc sy quan tam gop Y kién, ciing nhw chi bao thdt nhiéu

cua quy Thay, C6 dé ludn van dwoc hoan thién hon.
Tran trong!

Tp. Ho Chi Minh, ngay ..... thang ..... nam 2019

Hoc vién thuc hién
Phan Hiru Duc

Lop XDC17B



TOM TAT

Pé tai nghién cau su thay d6i vé cudng do chiu nén va khdi luong cia mau bé
téng theo thoi gian ngdm mau trong mai truong axit &n mon manh véi ndng d6 cao nhu
dung dich H2SO4 va HCI véi nong do 5% va 10%. Nham danh gia kha ning chdng an
mon va do bén cua bé tong sir dung cac loai khoang hat min. Dé tai sir dung hai cap
phdi chi ding phu gia silicafume véi ty I 1an luot 1a 5% va 10%; hai cap phdi dung
5% silicafume két hop vai tro bay lan luot 12 10% va 20%; thém hai cap phéi ting ham
lwong silicafume 1&8n 10% két hop 10% va 20% tro bay; dé tai con sir dung mét cap
phdi bé tong véi cbt liéu thong thuong khong dung phu gia dé 1am cap phdi kiém
ching. Cac mau bé tong dung dé thi nghiém hinh tru c6 kich thudc 10x20cm sau khi
duogc tinh dinh 48 gio s€ dugc thao khuon va duwgc dudng ho trong 28 ngay sau dic
mau. Cac mau duoc vé sinh chdy nhe trén bé mit dé loai bo cac tap chat, do kich thudc
va can lay sé lidu vé khéi luong ban dau dé danh gia cac chi tiéu vé kha niang chdng an
mon theo thoi gian. Cac hda chat ngdm méu c6 dang dung dich ding yén (khong tac
dong dén dung dich trong thoi gian thi nghiém). Cac méc thoi gian thi nghiém lan luot
1a 0 ngay (khdng tiép xuc véi moi truong axit), 30 ngdy, 60 ngay va 90 ngay ngam mau
v6i hod chat. Cac mau duogc lay ra khoi dung dich hoa chat, lau sach mau bang khan
mém va ngay sau d6 tién hanh can mau dé xac dinh tinh trang mat trong luong do an
mon. Sau d6 tién hanh nén mau dé xac dinh cuong do chiu nén theo thoi gian ngam
trong céc loai axit véi ndng do khac nhau.

Qua thoi gian thi nghiém cho thdy, mirc d6 thay d6i tuy thudc vao cap phdi bé
téng, tinh cong tac va nong do cua dung dich axit. Cuong do6 nén cua bé téng co
khuynh hudng tang khi ting ham lwong phu gia silicafume 1én 10% ddng thoi khi két
hop vé&i 10% tro bay thi bé tong dat cuong do cao nhat nhung lai giam khi ting ham
lwong tro bay 18n 20%. Két qua thi nghiém sau cac méc thoi gian ngdm hoa chit ciing
cho thiy cac mau bé tong co6 cap phdi 10% silicafume két hop 10% tro bay c6 khéi
lugng giam it hon so v&i cac mau con lai, dong thoi cuong do van duoc duy tri cao hon
S0 Vi cac cap phdi khéc.

Tur khod: Bé tong, silicafume, tro bay, an mon.
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ABSTRACT

The study analyzes the change in compressive strength and mass of concrete
samples along with the period of soaking time in highly acidic environments with high
concentrations such as H2SO4 and HCI solutions with concentrations of 5% and 10%.
The study aims to assess the resistance to corrosion and durability of concrete using
fine-grained minerals. The research caontains two grades using only silicafume
additives at the rate of 5% and 10% respectively; two grades of 5% silicafume
combined with flying ash 10% and 20% respectively; besides adding two grades
increases silicafume content to 10% combined 10% and 20% of fly ash; The topic also
uses concrete with normal gradation without additives in order to be the verification
level. The cylindrical concrete samples are tested with dimensions of 10x20cm after
being fixed for 48 hours will be removed and cured for 28 days after casting to allow
the concrete. Samples are lightly washed on the surface to remove impurities,
measured the size and weighed the initial mass data to assess corrosion resistance
criteria over time. The immersion chemicals are in a standing solution (do not affect
the solution during the experiment). Experimental milestones are 0 days (no acid
exposure), 30 days, 60 days and 90 days of immersion with chemicals respectively.
Samples are removed from the chemical solution, cleaned with a soft cloth and
immediately weighed the sample to determine the loss of weight due to corrosion.
Then compressing the sample to determine the compressive strength according to the

time of immersion in different types of acids.

Over time, it shows that the level of change depends on the concrete mixing
level, workability and concentration of the acid solution. The compressive strength of
concrete tends to increase when increasing the concentration of silicafume by 10% and
when combined with 10% flying ash, the concrete reaches the highest intensity but it
decreases when increasing the flying ash content to 20 % Experimental results after

chemical immersion timings also show that concrete samples with 10% silica fume



mixtures combined with 10% flying ash remain a lower reduction in mass comparing

to the remaining samples and still strength, it also maintains higher level than others.

Keywords: Concrete, silicafume, flying ash, corrosion.
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CHUONG 1: TONG QUAN

1.1 Tinh hinh nghién ctru

Nudc ta dang trong qua trinh phat trién ngay cang cao, su gia ting vé dan sd, cac
khu céng nghiép moc Ién cang nhiéu. Cac cong trinh duoc xay dyng ngay cang nhiéu
va ciling phai dap tmg duoc céc tidu chuan, chit luong, thoi gian sir dung lau dai, tinh
kinh té, mic d6 anh huéng dén méi truong. Trong nganh ki thuat xay dung, bé tong
chiém vai trd quan trong va khéi lugng Ién trong cac cong trinh xay dung. Tuy nhién,
loai vat liéu bé téng truyén théng co nhiéu diém han ché gay ra nhiing anh huong
khong nho dén chat lugng cdng trinh. D& nhan thiy nhat 1a bé tong thong thuong dé bi
an mon pha huy lam phé va cac lién két va kha nang chiu nén kém Iam anh hudng dén
kha ning chiu lyc cua cau kién va hu hong cau kién. Do d6 bé tong dé bi pha huy va

chét lwong, tudi tho céng trinh bi giam xudng.

Trong d6 c¢6 mdi truong nudc thai trong sinh hoat hang ngay, nudc thai tir khu
dan cu, khu cong nghiép, méi truong nude chua phén... Bé tong phai tiép xdc va lam
viéc truc tiép trong cac méi trudng khac nghiét co rat nhiéu hoa tap chat, dac biét 1a
axit gay ra su dn mon dan dén giam chét luong cho céng trinh st dung. Vi vay, cac van
dé nang cao chat lugng, ting tudi tho cho cong trinh dugc dit ra cho nganh cong

nghié¢p xay dung hié¢n nay.

Xuat phéat tir tam quan trong va nhitng han ché cua bé tong truyén théng, cac nha
nghién ctru trong va ngoai nudc da khong ngirng nghién ciu thanh phan, tinh chat va
tim ra nhitng giai phép téi wu nhat dé cai thién chat lwong bé tdng. Ngoai viéc chi
trong cong tac bao dudng ding quy trinh k¥ thuat va str dung phu gia dé tang cuong
do, rat ngan thoi gian thi cdng bé tdng thi viéc cai thién chat lwong cét liéu, st dung
cot lieu min trong bé tdng 1a mot trong nhitng phuong phap duoc nghién ciu va ang
dung trong bé tdng thai gian gan day. Thanh phan cha yéu cua bé tong 1a cét lidu 16n,

cot lieu nho, chat két dinh v6 co va cac thanh phan hat min. Uu diém cua loai bé téng



str dung céc loai hat min nay khdng chi & viéc cac hat nho Ién chat vao 16 rong 1am

tang cuong do chiu nén ma con giam kha niang bi pha hay caa cau kién.

Hinh 1.2: Nuéc thai tir cac khu dan cu (Nguon Internet)

Trudc day nghién ciru & cac nude trén thé gisi cho rang, xi mang portland bi pha
hoai trong méi truong nude thai ¢6 18 giébng nhu sy pha hoai Xi mang portland trong
moi truong nudc bién, ma nganh hang hai thé gidi di bi thiét hai kha 16n do bén cang,
ciu tau, Au da, try dén hai dang, dap chin séng duoc xay dung bing xi ming portland
da bi pha hoai, theo cach lap luan nay di st dung xi miang puzolan dé duc 6ng din
nude thai thanh phd, khu céng nghiép. Hau qua 1 xi ming puzolan ciing nhu xi mang
portland déu bi nudc thai gim mon nhu nhau. Nhu viy, nguyén nhan phé& hoai

portland trong nudc bién khac véi sy pha hoai xi mang trong moi truong nude thai. 1

2



Trong nuéc thai ¢d nhiéu abumin do xac suc vat chét, théi rira, thirc an thira va
nhiéu hop chit hitu co, v co ¢6 chira luu huynh, mot loai vi sinh yém khi phan huy
chung, chi sau mot dém bién thanh hydro sulfua (H2S), sau vai gid n6 c6 thé boc Ién
khong khi. 21

H.S 1a khi c6 kha ning 6xy hoa rat manh trong dudng éng chira nuée thai duoc
ché tao bang xi mang portland, trong khoang tréng cua duong éng khdng chtra nudc
thai, khi Hz2S bdc 1&n ngung tu vao bé tong, bé tong la mdi truong bi khi HzS 6xy hoé
bién thanh axit H2SO4. Axit lam mun bé téng, roi xudng thanh ban. 2

HoS + 202 <> HSOs  (1.1)
Theo s6 liéu ctia thé gidi, véi ndng do H2SO4 tir 80-300 phan triéu, sau 7 nam, bé
tdng xi mang portland bi pha huy 5cm.
Khi 16p xam thuc tién dén 16p cbt thép phia trong bé téng, 16p cot thép nhanh
chdng bi phéa huy, va dng cong bi sap, dd, va.
Moi trudng “chua”: Cong trinh thudc ving dat chua phén, pH < 6,5 ciing gy an

mon bé tdng cbt thép rat manh.

Hinh 1.3: Cong Cau Tau - Bén Tre, sau 12 nam st dung @

D4t chua phén c6 mot qué trinh hinh thanh dic biét. Trong dat c6 chtra nhiéu hop

chat sunphua chi yéu 1a pirit. D4t axit sunfuric néu dé kho co dic tinh rat chua, trong



dat c6 nhitng ddm mau vang d6 13 cac mudi sunphat sit nhdm. Nhan dan Nam Bo

thudng goi la dat pheén.[

Hinh 1.4: Céng An Ha - Binh Chanh, sau 3 nidm st dung 2
Co ché qua trinh bién doi dat phen:

Trong qué trinh nudc ludn chuyén, FeS, két hop voi Oxy tao nén hop chat

sunphat

Fe?" + S + 20, =Fe?* + S5 + 0.2 (1.2)
Ap dung phuong trinh tong quat trén dat phén

2FeS; + 702 + 2H20 = 2FeS04 + 2H2S04 (1.3)
Tuong tu nhu thé, trong dit phén c6 cac mudi sunphat FeSOs, Fes(SO4)s,
Alx(SO4)3, NaxSOs, K2SOs, MgSOs, KFes(SO4)2(OH)s. Céc hop chat trén ngoai

H2S04, da s6 con lai khi thity phan ciing cho H2SO4 nén dat va nudc tré nén rat chua.

FeSO4 + 2H20 <> Fe(OH)2 + H.SOs (1.4)

Do dic diém ciia qua trinh hinh thanh dat phén, trong dat c6 ham luong sunphat
cao. Ngoai ra do anh huéng cua su xam nhap cua nudc bién qua cac cira soéng 16n,
trong thanh phan cia nudc ¢d mot lwong mudi nhat dinh. Cin cir vao thanh phan hoa
hoc cuia dat phén & mot sb dia diém khao séat trong khu vyc dong bang séng Cuau Long,
ching toi tién hanh thdng ké nhitng chi tiéu c6 tac dong dén tudi tho cua bé tdng cot
thép. 13



Phuong phép céch ly bé tdng xi mang portland vai méi truwong khi H2S ngung tu
trong mot moi truong ma khi HzS khdng c6 kha ning 6xy hoé thanh H2S04. O My,
ngudi ta da st dung son mét 16p nhua duong vao phia trong duong ong day 1,5mm.
Thanh phé Quytao di quét mét 16p paraphin, hay mot 16p nhua hitu co vao phia trong
duong 6ng. Hay giai phap phé bién hién nay 1a sir dung hé chat két dinh hitu co nhu
alkyd, epoxy, silicon hay polyurethane... dé son phi bé mit bé tong ngin chan va uc
ché lai sy an mon. Tuy nhién cac giai phap nay da kéo dai thoi gian sir dung duong

ng, tuy gia thanh rat cao, nhung ciing la giai phap tinh thé ma théi.

Tir nhimg van dé trén, mot yéu to ddng quan tdm trong nang cao chat luong bé
tong hat min (Tro bay, Silicafume, Céc puzolan tu nhién nghién min, Xi hat 16 cao
nghién min...) chinh 1a viéc tan dung ngudn nguyén lidu tai dia phuong va nguon phé
pham cong nghiép. Viéc d6 khong chi giam thiéu 6 nhiém moi trudng ma con giam
dang ké gia thanh cta bé tong trong cac cong trinh xdy dung. Cac nghién ctru cho thiy
ngudn tro bay, mot loai phé thai thu dugc tir qua trinh san xuat cong nghiép khi dugc
bd sung vao bé tong khong chi khdng ché nhiét do ban dau, giam Gmg suit nhiét trong
khéi bé tong, ting do bén, kéo dai tudi tho cong trinh, gia thanh co thé ré hon dén 30%,
va giam 10% nudc tron bé tong. Tuy nhién, viéc st dung tro bay chua phat huy duogc
tinh ddc chic cta bé tong nén, dé tao nén bé tong dic chic véi cac hat silicafume rat
min va co6 hoat tinh cao tham gia phan ing pozolan véi hydroxyt canxi hinh thanh khi
xi mang thay héa; do vy lam ting san phdm thuy hoa va giam lugng hydroxyt canxi.
Vay khi st dung ham luogng silicafume hop 1y s€ lam tdng cuong d va giam kha nang
thAm cua bé tong dé ngan chin sy dn mon trong cac moi trudng tiép xdc gay ra, lam bé

tong trd nén bén lau hon.
1.1.1 Khai niém bé tong sir dung phu gia khoang hat min

Mot loai bé téng chat luong cao (HPC), sir dung cac loai phu gia khoang hat min:
Tro bay, Silicafume, Metacaolanh, cac puzolan tu nhién nghién min, Xi hat 10 cao

nghién min... dé nang cao cuong do chiu nén, ting d6 bén, han ché an mon cho bé



tdng khi chiu tac dong cua moi treong xung quanh phai chiu tac dong pha hoai cua cac

moi trrong xam thuec.

Hinh 1.5: So sanh kich thuéc caa cac hat min (Nguon Internet)
1.1.2 Tinh hinh nghién ciru ngoai nwéc

Viéc nghién ctru vé d6 bén cua bé tdng va bé téng cdt thép trong cac méi truong
an mon cho cac cong trinh diac dung da dugc cac nha khoa hoc trén thé gidi quan tam
va dugc nghién ciu tir dau thé ky 20. Cac cong trinh, dé tai nghién ctru da xac dinh
tinh chat nghiém trong caa su pha hong cong trinh bé téng cdt thép 1a do an mon hoa
hoc gay ra. Céc nha khoa hoc di di dén két luan théng nhat vé nguyén nhan an mon la
do cac san pham huy hoéa cia xi mang bj tan vao méi trudng hoic tac dung véi cac
mubi, axit c6 trong moi trudng tao ra nhitng hop chat cd tinh tan manh hoac na thé tich
gay nén su phéa hay két cau noi bo céc cong trinh.

Bang xi mang portland khong thé ché tao bé téng c6 kha ning bén viing trong
moi truong an mon. Cac cong trinh nghién ctru ciing danh gia duoc hiéu qua cua cac

bién phap chdng an mon: dung phu gia v6 co hoat tinh, dung xi ming dic biét... Viéc



nghién ctru ting cuong kha ning chéng dn mon cho bé téng trong cic mdi trudng nay

van kéo dai cho dén nay.

- H. Min va Z. Song di nghién ctu vé co ché dn mon axit sunfuric ddi véi bé tong
trong mdi truong ngam, tir d6 danh gia duoc tbe do an mon cua bé tong véi ty 16 nude-

xi ming ngam trong c4c nong do ph khac nhau.[

- K. Kawai cling c&c cong sy da nghién ciu vé thiét hai bé tong gay ra bai su tan
cong axit sulfuric, danh gia dugc su an mon cua bé tong dung xi 10 cao va tro bay trong

moi trudng axit sunfuric.l!

- E. O. Nnadi va céc cong su da nghién cttu sy danh gia sy suy giam trong luong
va kha ning an mon dién cua bé téng ding xi ming portland thong thuong két hop tro

bay trong moi truong axit sunfuric. ]

- J. Monteny cung nhém cong su da nghién ctu Sy an mon trong moi truong axit

sunfuric 0,5% cua bé téng két hop céc loai polymer, phu gia silicafume. [/

- A. K. Tamimi da nghién cru bé tdng chat luong cao sir dung 10% silicafume va
cac ty 1& phan tram tro bay khac nhau, tim ra ty 18 t6i wu cho bé tong hoat dong hiéu

qua trong mdi truong axit sunfuric 1% va axit clohydric 1%.

- H.W. Dorner va R.E. Beddoe da nghién ctru tién lugng sy an mon cua bé tong
trong moi truong axit c6 do ph tir 4.0 d&én 6.5, cho thay toc d6 an mon khac nhau & cac

pha va giai doan khéac nhau.[®

- W. H. Kuenning di nghién ctru danh gia kha ning chdng tin céng sunphat va

tan céng hoa hoc cua céc loai vira xi ming.[]

- S. Turkel va cong su da nghién ciru sy anh hudéng cua cac loai axit khac nhau
dén tinh co 1y cua vita xi mang puzolan, tir d6 cho thay rang vira xi mang hoic bé téng
hiéu suat cao thudng bao gom céc vat liéu xi ming puzolan, tro bay cho bé tdng bén

trong moi truong xam thyc.



- A. M. Al-Swaidani cting cong su nghién ciru déanh gia kha nang chong an mon,
tham thau cua bé tdng két hop phu gia khoang bazan nghién min trong cac méi trudng

axit véi nong do khac nhau.['?

- E. Hewayde PhD va cong su nghién ciru kha ning chéng an mon cua bé téng sir
dung céc loai khoang hat min trong dung dich axit sunfuric, tr d6 danh gia duwoc kha
ning chdng an mon va kha ning chiu lyc cua bé téng tuy vao khoang hat min duoc st

dung.[*]

- P. J. Tikalsky va R. L. Carrasquillo da nghién ctru kha nang khang lai Sy an mon
sulphat ctia bé tong sir dung tro bay véi nhiéu ty 1¢é khac nhau, tir két qua thi nghiém da
danh gia duoc cac chi tiéu vé do an mon cua bé tdng khi tiép xuc tryuc tiép véi hoa chat

gdy dn mon sulphat.[*4]

- K. Torii va M. Kawamura da nghién ctru bé téng str dung tro bay va silicafume
véi nhiéu ty & khac nhau thay thé xi mang, ngam trong méi trudng axit sunfuric 2% va
mubi sunphat 10% qua d6 danh gia duoc kha nang ngin chin sy An mon cia bé téng sir

dung phu gia khoang hat min cao hon bé téng truyén théng.!
1.1.3 Tinh hinh nghién citu trong nwéc

O nudc ta cac cdng trinh, khu céng nghiép dugc xay dung ngay mot nhiéu hon.
Tuy nhién, tiy thudc vao ting loai cong trinh, vi tri ma ching ta sir dung vat lidu dé
xay dung cong trinh cho phu hop, dé giam chi phi va thoi gian sir dung duoc lau dai
hon. Hién nay ¢ nudc ta co rat nhiéu dé tai nghién ctu chong in mon bé tong va bé
tdng cét thép cac cong trinh xay dung & bién, chat hda hoc trong nudc thai cia cac nha
may, khu dan cu... chua quan tim nhiéu dén chéng in mon cho cic cong trinh xay
dung & cac nha may cong nghiép, xi nghiép san xuat nhat 1a cong trinh 1am viéc truc
tiép trong méi trudng hoda chat cé axit, do d6 van dé nay can dugc quan tdm nghién ctu

nhiéu hon trong thoi gian téi.

- Khwong Van Huan da Nghién ctu sy bién d6i cuong do va tinh chéng tham cua

bé tong trong mdi trudng chua phén Pong bang séng Ciru Long.1



- Trinh Hong Tung da nghién ciru chdng an mon cho vira va bé tong trong céc
cong trinh tiép xuc v6i nude thai ciia cac nha may phan khoang. Qua nghién ctru da
xéac dinh duoc ham luong tro bay (thay thé 25% xi ming) va phuy gia siéu déo (1% so
v6i khdi luong cta chat két dinh) 1a hop 1y, cho hiéu qua chdng dn mon cao nhét cho

bé téng trong nha may phan khoang.[*¢

- Ngo Vin Toan d3 nghién citu ché tao bé tong cudng d6 cao sir dung cat min va
phu gia khoang hdn hop tir xi 10 cao hoat héa va tro trau. Két qua dua ra 1 c6 thé su
dung cat min va phu gia khoang tir xi 10 cao dé ché tao bé tong c6 cuong do nén
B60.17]

- Nguyén Vian Chanh va Nguyén Thi Thanh Huong d3 nghién ctru co ché pha
hity cau tric bé tong trong moi trudng xam thuc mubi sunphat. Két qua nghién ciru cho
thay qua trinh an mon 1am cho bé tong bi gidn nd cham va sau d6 ting dan dén khi mau
bi pha hoai. Cac san pham dn mon tao thanh gay tng suat lam nuat bé tong, dan dén pha
hay cong trinh.[8

- Nguyén Thanh Loc va Phan Thi Hong Pao di gisi thiéu ngudn gdc, co ché an
mon, &ng xir ciia bé tong cot thép khi chiu tac dong dn mon trong diéu kién moi truong
ven bién. 19!

1.2 Nhéan xét cac dé tai

Céc bai bao, dé tai nghién cau da trinh bay rat chi tiét vé cac loai bé tong thudng
va bé tong két hop céac loai phu gia khoang hat min trong cac méi truong an mon khac
nhau. Tuy nhién chua cé dé tai nao nghién ciu vé ting cudng kha nang chdng an mon
cho bé tdng két hop phu gia khoang hat min tro bay va silicafume tiép xUc truc tiép
trong moéi truong axit manh.

1.3 Noi dung ciia dé tai nghién ciu

Dé tai “Nghién ciru ting cwong khd néing chong dn mon cho bé tong trong méi

trwong axit cia cac logi khoang hat min” 1 nghién ctu vé do bén va kha nang khang

lai su &n mon caa bé tdng cd su dung cac loai khoang hat min bi anh hudng boi moi
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truong axit manh. Tur cac két qua thi nghiém co thé rit ra két qua va danh gia vé tinh
{rng dung vao cac cdng trinh thyc té cua san pham nay.
1.4 Muc tiéu cia deé tai

Nghién citu mic d6 dn mon theo thdi gian cua cac dung dich axit di véi bé tong
st dung cac loai khoang hat min tro bay, silicafume.

Nghién ctru anh huéng ctia thanh phan hat min tro bay, silicafume dén céc tinh
chat cudong do cua bé tong.

Xac dinh sy anh huong dén sy dn mon khi thay d6i ti 18 cac thanh phan khoang
hat min trong cap phdi so véi c4c loai bé tong thong thudng.
1.5 Nhiém vu ciia dé tai

Xac dinh cac dac trung co ly bé tong sur dung cac loai khoang hat min theo thanh
phan va ty 1& khac nhau.

Xac dinh va so sanh su thay doi cuong do va khéi luong cua bé tong khi ngam
trong mdi truong axit qua tirng cap phéi va thoi gian ngdm mau.

Pé xuat hudng phat trién bé tong hat min tan dung ngudn nguyén liéu phé thai
(tro bay) tai dia phuong két hop silicafume dé ung dung trong céac cong trinh tiép xuc
truc tiép vai axit trong thoi gian dai.
1.6 Phwong phap nghién ciru

Nghién ciu ly thuyét vé ting cudng kha ning chéng dn mon cua bé tdng hat min
két hop voi thuc nghiém. Sau d6 tién hanh thi nghiém thuc té cho ting cap phéi va
nong do axit khac nhau, tir 46 so sanh va danh gia két qua thu duoc.
1.7 Y nghi khoa hoc va thuc tién cia dé tai

B sung va hoan chinh thém kién thuc vé bé tong chit luong cao dong thai gop
phan goép phan lam phong phl thém cac san pham dé wng dung vao cac cong trinh tiép

XUC tryc tiép trong moi truong axit manh.
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Két qua nghién cau 1a cac san pham xay dung goép phan 1am giam thiéu luong

phé thai céng nghiép, tiét kiém tai nguyén thién nhién va bao vé méi trudng.

11



CHUONG 2: COSOLY THUYET
2.1 Cac loai phu gia khoang hat min
2.1.1 Tro bay nhiét dién
Tro bay nhiét dién 1a mot loai khoang hoat tinh puzolan ding 1am phu gia cho ché
tao bé tong cuong do cao. ToN tai dudi dang bui khi thai hat min thu duoc tir qua trinh
dbt chay nhién liéu than d4 trong cac nha may nhiét dién chay than, 12 phé thai thoat ra
tir budng dét qua 6ng khdi nha may. Tro bay duoc tan thu tir 6ng khéi qua hé théng ndi

hoi tinh luyén loai bo bét cac thanh phan than (cacbon) chua chay hét.

D e’ . o @ - RY0T w2
HV HFW mag W det 200 pm
12.50 kV 398 um 750 x8.6 mm DualBSD Class C Fly Ash

Hinh 2.1: Anh chup sau 6ng phong ciia mot kinh hién vi dién tir quét (SEM)

phat hién cau tric mat cit ngang cia cac hat tro bay ¢ do phong dai 750 lan.
(Nguon Internet)

Thanh phan chinh caa Tro bay la cac 6xit silic (SiO2), 6xit nhém (Al.03), 6xit sat
(Fe203), canxi 6xit (CaO), magie dxit (MgO). Tro bay cang min cang phan ng tot.
Puong kinh cua phan 1én cac hat nim trong khoang 1pum dén 20pum va ham luong than
chua chay hét trong tro bay phai <6%, néu lugng chat chay chua hét trong tro bay >6%
phai c6 bién phép tinh loc dé loai than chua chay hét khoi tro bay. Ham luong cac chat
oxit nhom, dxit silic va oxit sit trong tro bay phai >70%.
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Hinh 2.2: Tro bay nhiét dién (Nguén Internet)

Thanh phan ciing nhu ti 18 thanh phan héa hoc cua tro bay duoc quy dinh tai tiéu
chuan “TCVN 10302:2014 21, phy gia hoat tinh tro bay dung cho bé tong, vita xay va
X1 mang”.

Bang 2.1: Chi tiéu chat luong tro bay dung cho bé tong va vira xay

. Loai tro Linh vyc s dung - Mic
Chi tiéu ba
y a b C d
2 \ A ey s F 70
1. Tong ham lugng Oxit SiO2 + Al203 +
Fe203, % khoi lugng, khdng nho hon C 45
2. Ham luong luu huynh, hop chat luu F 3 5 3 3
S ’ 2= 0 '
hu;A/nh tl,nh quy doi ra SOs, % khoi lugng, c 5 5 6 3
khong I6n hon
3. Ham luong canxi oxit ty do CaOuw, % ) ) ) )
khoi luong, khong 16n hon C 2 4 4 2
4. Ham luong mét khi nung MKN, % khéi  F 12 15 8* 5*
luong, khong 16n hon C 5 9 7 5
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L Loail Linh vygc sit dung - Mirc
Chi tiéu ba
y a b C d
5. Ham luong kiém c6 hai (kiém hoatan),| F Ls
% khéi lwong, khdng 16n hon C ’
: , F
6. b6 am, % khoi Iwgng, khdng 16n hon 3
C
7. Lwong sot sang 45um, % khoi lugng, o 24 40 18
khoéng I6n hon C
I A A r: X A F
8. I’Jucyng mmAC yeu’ cau so vl mau dol 105 105 100 105
chung, %, khong 16n hon C
9. Ham luong ion CI, % khéi luong, F 01 01
khong 16n hon C ’ ’
10. Hoat d6 phdng xa tu nhién Aeff,
(Bg/kg) cua tro bay dung:
- B6i véi cong trinh nha & va cong cong, 370
khong l16n hon
- P6i vai cong trinh cong nghiép, duong 240
do thi va khu dan cu, khong 16n hon

* Khi dot than Antraxit, c6 thé sir dung tro bay véi ham lugng mét khi nung twong (ng:
- linh vuc ¢ téi 12 %; linh vyuc d téi 10 %, theo thoa thuan hoic theo két qua thu
nghiém dugc chip nhan.

2.1.2 Muai Silic (Silicafume)

Silicafume 14 loai bot c6 dd min rat cao véi kich thudc hat trung binh 0,1 - 0,2

micron va dién tich bé mat riéng Ién téi 15.000 - 20.000 m%kg. Cac hat silicafume
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duoc ciu tao cac khdi cau silicon dioxide (SiO2). Mau sic cua Silicafume bao gom céc
mau tring, xam, xam den khi ting ndng do C, Fe20z hoic do nhiét do 19. Silicafume
thd 12 mot loai silicafume thu truc tiép. Mat do dung tich c6 tir 150-300kg/m? & dang tu
nhién (khong day dic). Bé van chuyén va tng dung dé dang, mat do dung tich c6 thé

duoc tang 1én dén 350-700kg/m? thdng qua qué trinh nén.

Muc dich chinh ctia viéc dua cac hat min ndy vao bé tong 1a dé tao nén xi mang
dic chic voi cac hat silicafume rat min va cé hoat tinh. Céac hat silicafume tham gia
phan tng pozolan véi hydroxyt canxi hinh thanh khi xi mang thuy héa; do vay lam
tang tong cac san pham thuy hoa va giam luong hydroxyt canxi. Khi sir dung diing,
silicafume s& 1am ting cudng do va giam kha ning thim cua bé tong lam bé téng tro
nén bén lau hon. San pham dic trung cho tinh chat cua microsilica nay la silicafume.
Viéc dua mot luong cac hat silicafume siéu min vao hdn hop bé tong bén canh tinh c6
két hon cua vat liéu ndy con tao ra hiéu ung boi tron trong bé tdng do cac hat silica
fume c6 dang hinh cau. Nhu cau nudc dé duy tri tinh cong tac ting s& dugc diéu chinh
binh thudng khi bd xung cac phu gia siéu déo, giam nudc hay déo hda. Do vay hdn hop

bé tong s& van ¢ tinh dinh so vé&i hdn hop bé tong thuong.

Hinh 2.3: Hat silicafume (Nguon Internet)
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2.1.3 Xi hat 16 cao nghién min

Xi hat 16 cao nghién min (GBFS — Granulated Blast Furnace Slag) 1a san pham
phu cua qué trinh san xuat gang thép theo céng nghé 16 cao khép kin. Nho dugc 1am
lanh cuc nhanh bang nuéc &p luc cao, sau d6 xi hat dwoc sdy khd va nghién min dén do
min cia xi ming. N6 c6 chira chu yéu cac silicat va aluminat silicat cia canxi va cac

bazo khéc c6 tinh chat ty két dinh nhu xi méng.

Hinh 2.4: Xi thép nha may Tong cong ty thép Viét Nam (Nguon Internet)

2.1.4 Céc puzolan tw nhién nghién min

Puzolan 1a vat liéu Silic hoac Silic va Alumin, c6 it hoic khong c6 tinh dinh két,
nhung ¢ dang hat min va mat ctia nude, am sé ¢é tac dung hoa hoc véi Canxi Hydroxit
& nhiét do thuong dé tao thanh hop chét cd tinh chat dinh két. Puzolan thién nhién
nguyén khai hay qua nung phu hop véi cac yéu cau ap dung nhu mot vai loai dét
Diatomit, dd@ manh Opan va Diép thach, tro nui ltra hoac da bot, trong d6 c6 loai qua
nung va khong qua nung, cac loai vat liéu khac yéu cau dugc nung dé cho cac tinh chét

thoa min nhu mot vai loai dat va Diép thach.
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Hinh 2.7: D4 voi (Nguon Internet)
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2.2 Khai niém vé dn mon bé tong

Khi ndm trong méi truong xam thuc, néu khéng cd bién phép bao vé hitu hiéu, bé
tong s& bi an mon. Thanh phan bi an mon chua yéu 1a cdt liéu trong bé tdng, nd 1am cho
bé tong bi pha hay dan dén cong trinh c6 thé bi hu hong, sap d6. Bé tong bi an mon

hoa hoc ¢ ca ba méi truong: ran, 1ong va khi.

An mon trong méi truong ran khi vat liéu tiép xic voi mot sé loai héa chat nhu

phan khoéng, thudc trir sau... An mon loai ndy ciing dién ra khi cac ha chat bi am.

An mon trong méi trudng long xay ra khi bé tong tiép xdc véi nudc bién, nudc
phén chua, nudc khoang, nuéc ngam hodc nudc thai cia cac nha may xi nghiép, an
mon ria tréi, vi sinh ¢6 trong nudc... Cac loai nude nay thudng chaa cac nhan td co
tinh chat gy dn mon. An mon trong méi trudng long 1a loai an mon rat phé bién tai
cac cong trinh xay dung, dac biét 1a cac cong trinh xay dung & méi truong bién, cac
cong trinh 1am viéc trong nudc, dudi dit c6 nudc ngam, hay cac nha may xi nghiép san

Xuat c6 str dung hoa chat. Pay 1a ddi tuong nghién ciru duoc rat nhiéu ngudi quan tam.

An mon trong méi trudng khi xay ra khi vat liéu tiép xtc vai cac loai khi c6 chira
tac nhan gay an mon (khi COg, Cl, SO, cac lon S, F, ...) thuong gap ¢ khu vuc xung
quanh c&c nha may c6 sir dung va ché bién hoa chat hoic cong trinh c6 tiép xlc voi
khodng khi bién va trong moi truong khi hau ven bién. Khi hau tai Viét Nam c6 cac dic
trung 13 nhiét d6i am uét, gié mia, nhiéu nang va mua. Thoi tiét c6 thé hanh khd va
kém theo nhiig dot mua phun c6 dd am cao. Troi nang ndng 1am nudc bdc hoi nhanh
nhung lai ¢6 nhitng dot mua rao lam thdm wét dot ngot. Cac tic dong trén cling gop
phan gay nén qua trinh kho - am va lam khuéch dai toc do tham thau cua cac chat xam

thuc, gdy dn mon trén bé mat vat ligu.

Su an mon cua bé tong thong thuong hay vira xi mang ndi chung trong moi
truong long thuong la dang an mon cacbonat, chloride, sulfate va sy hydrat hoa cua xi

mang.
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An mon trong méi trudng long 13 dang rat pho bién dbi voi cac cong trinh xay

dung, day ciing 1a dang nghién ctru cua dé tai nay. An mon bé tong c6 ba dang co ban:
2.2.1 An mon loai I (An mon hoa tan)

Dién ra do su hoa tan cac san pham thuy héa cia xi mang (cha yéu 1a hydroxit
canxi - Ca(OH). va aluminat canxi ngadm nudc - C3AHs) bi hoa tan. Bac biét, Ca(OH):

tan manh nhat, do d6 loai an mon nay con dugc goi 1a qué trinh khir kiém.

Thanh phan khoéng, loai va lwong phu gia cho vao bé tdng anh huéng rat 16n t6i
tc do dn mon loai |. Cac yéu t6 khac nhu thoi gian dong cung, nhiét 6 ctaa moi
truong bdo dudng va nhiét d6 ciia méi truong tiép xdc véi bé téng cling cd anh huong
dén téc do hoa tan caa Ca(OH)a.

2.2.2 An mon loai |1

Khéc véi an mon loai | & chd n6 khéng chi la sy hoa tan ciia cac san pham dé xi
ming, ma chil yéu do twong tac cua cac axit hoic mudi trong méi trudng Véi cac san
pham thay hoa ban dau, khong c6 cudng d6. Muc d6 pha hoai manh cia an mon loai 1
la do su tac dong ddng thoi cua cac qua trinh hoa hoc dén su phan hay Ca(OH)2 1am

tang dang ké mirc do phé hoai két cau bé tong.

Trong céac tac nhan gay an mon loai ndy thi axit 1a tac nhan pha hoai manh nhat,
tiép theo 1a cac mudi axit va cac hop chat ¢ kha ning tuong tac v4i cac san pham thay

hoa cua xi mang cé tinh hoat dong hda hoc manh.
An mon do axit cacbonit

Su tac dung cua dioxit cacbon trong khéng khi véi hydroxit canxi trong da xi
ming 13 phd bién nhét cta qua trinh an mon loai II. Khi trong nude c¢6 ham lugng khi
CO2 nhé ching sé& tac dung voi Ca(OH). dé tao ra cachonat canxi (CaCOs) két tinh bén
vitng trén bé mit bé tong l1am cho sy dn mon giam di, no lap day cac 15 rdng va bao
boc quanh cbt thép cua bé tong, bao dam do 6n dinh cho két cau bé téng va bé tong cot
thép. Khi ndng d6 cua CO> tang 1én nhiéu, CaCOs lai bién thanh Ca(HCO3),. San pham
méi nay c¢6 do tan Ion hon nhiu so véi Ca(OH).. Hon thé nita, phan ung giira axit
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cacnonit va cachonat canxi dién ra nhanh trong khi sy khuyét tan ciaa Ca(OH): tir trong
ra dé bu dap cho sy mat I6p mang phu cacbonat canxi lai dién ra cham. Trong trudng

hop nay két cau bé téng bi pha hoai nhanh hon.
CO2 + Ca(OH), — CaCO3+ H.0 (2.1)
CaCOs + H.0 + CO2 — Ca(HCO)2  (2.2)

CO2 + Ca(OH) + Ca0.Al>03.CaS04.18H20 — 3Ca0.Al1203.CaCO3.xH20 +
CaS04.2H20 (2.3)

An mon ciia cac axit khac
Trong s6 nhiing axit vo co thudng gap (trir axit cachbonit) tac dung 1én da xi

mang va bé tong nhu axit clohydric, axit sunfuric, axit nitoric va céc axit hiru co nhu

axit axctic axit lactic... khi bi tdc dung bai cac axit nay da xi mang s€ bi pha huy.
Theo d6 an mon caa cac axit phan ra ba nhém theo mic do giam dan nhu sau:

- Nhém 1: 1a céc axit khi phan tng vai cac san pham thay hda cua xi ming hinh
thanh cac san pham dang gel nhu dioxit silic, hydroxit sit, hydroxit nhém va mot
luong khong dang ké cac chat trong sudt nhu mudi canxi. CAc canxi nay la axit
clohydric, axit sunfuric va axit nitoric. Phan ung cia cac axit nay véi cac san pham
thuy hoa ciia xi ming dién ra nhu sau:

Ca(OH)2 + H2SO4 (hoac HCL hoac HNOs) — CaSOs (hoac CaCly; hoac
Ca(NOs)z + nH20)  (2.4)

NCa0.SiOz +pH2S04 + NH20 — nCaSOs + MSi(OH)s + NH20  (2.5)

- Nhém 2: 1a cac axit voi do tan cia san pham tao thanh nho hon 1g/1 va c6 nng
d6 thap. Céac san pham thugc nhom nay 1a H,SiOs, Fe(OH)s, AI(OH)s... Khi c¢6 mat
ctia cac mudi canxi, nhirng axit nay sé 1am cho d6 in mon da xi mang giam di.

- Nhém 3: bao gdm céc axit chira géc mudi canxi ma do hoa tan nho hon 0,002g/1

nhu axit oxalic, hydrofluoric va fluoxilixic. C4c axit ndy khi twong tac véi cac hop chat
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cua da xi mang, sinh ra san pham dang gel, c6 tac dung ngan can sy xam nhap cua cac

tac nhan an mon 1am cham dang ké toc do hu hong cong trinh.

Tbc do an mon thay d6i tly thudc vao do hoa tan cua cac san pham tao thanh. Do
hoa tan ctia cac san pham nay cang manh thi tbc d6 pha huy cang nhanh. San pham
thay hoa cua d4 xi mang 1a khong thay d6i, nén téc dé an mon phu thudc vao loai axit

cé trong méi truong.
2.2.3 An mon loai 11

An mon sunfat 13 dic trung nhat cua dn mon loai I, boi ching tao ra mudi
ettringit gay no thé tich rat 16n (4,8 1an). Ham luong CsA c6 anh huong 16n nhat dén
tinh an mon sunfat, lwgng C3A cang nhiéu thi lwgng ettringite sinh ra cang In, cu trac
bé tbng cang bi pha hoai nhanh chéng. Cac loai mudi sunfat c6 nong do > 250 mg/l
maéi ¢6 kha ning an mon rd rét, vi khi nong d6 cadc mudi cang cao thi su tao thanh
ettringit cang nhiéu. trong cac loai mudi sunfat thi sunfat canxi ¢6 d6 an mon 16n hon

cac loai mubi sunfat khac. Mubi sunfat amoni an mon ciing rat Ion.[2]

Dung dich Khoang
sunfure trong CA
moi trrd'ng
Sunfat xam Phan (ng
nhap vao trong véi Eggll}azo
bé tdng treong nd
Gay nut Phan (rng

voi C A

—. trwong n&

Hinh 2.8: Co ché an mon Sunfat (Nguon Internet)
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2.2.4 Bé tong bi an mon béi axit hiru co CH3COOH

AXxit axetic phan &ng hoa hoc vai bé tong qua cac phuong trinh hoa hoc sau:
2CH3COOH + Ca(OH)2 — Ca(CHsCOO0)2 + 2H.O  (2.6)
6CH3COOH + 3Ca0.2Si02.3H20 — 3Ca(CH3C00)2 + 2Si0z.aq + nH20 (2.7)
6CH3COOH + 3Ca0.Al203.6H20 — 3Ca(CH3COO). + Al.03.aq + nH20 (2.8)
2.2.5 Bé tong bi an mon béi dung dich axit H2SO4

Phan ung hoa hoc cua bé téng véi dung dich H2SO4: ¢ giai doan dau tién, phan
ng hoa hoc 1am suy giam Ca(OH)2 dan dén su hinh thanh thach cao mé rong. Thach
cao sau d6 phan ung voi CsA trong méi trudng nudc va tao thanh mot san pham mo
rong hon goi 12 ettringite. Cac hop chat rin m& rong nay gay ra 4p luc bén trong bé
téng dan dén sy hinh thanh cac vét nat va su bién d6i cua bé tong thanh mot khdi nhio
hoac khong két dinh 4. Axit sunphuric cling c6 thé gay ra su khtr keo cua canxi silicat
hydrat C-S-H va cudi cting bién thanh Si(OH)4 (silica hydrous). Cac phuong trinh thé

hién phan &ng nay 45

Ca(OH)2 + H2S04 — CaS04.2H20 (thach cao) (2.9)
3(CaS04.2H20) + 3Ca0.Al>03.12H,0 +14H>0 — 3Ca0.Al>03.3CaS04.32H,03
(ettringite)  (2.10)

Ca0.Si02.2H20 + H2SO4 — CaS04 + Si(OH)4 (hydrous silica) + H2O  (2.11)
2.2.6 B& tdng bi an mon béi dung dich axit HCI
Phan @ng véi dung dich HCI tc dung véi cac san pham hydrat hoa xi miang dan
dén sy hinh thanh mubi, nho su tro gidp cta nudc, cac mudi hoa tan nay c6 thé dé dang
duoc van chuyén dén céc bén ngoai cua vira. Trong tinh hudng nay, cac phan tng lién
tuc 1am ting d6 x4p cua bé tong va ting thé tich 15 rong 1am ting téc d6 phan tng duoc

thé hién theo phuong trinh héa hoc sau:

Ca(OH), + 2HCI — CaClz + 2H,0 (2.12)
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2.2.7 Toc d6 dn mon
Phuong trinh Nernst

0,059

RT
_ O A _ =0
Erev - EMe”*/Me + nF InaMe”* - EMe’”/Me +

In & (2.13)

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

T: nhiét do tuyét déi (K)

F: hang s6 Faraday = 96500 C/mol
n: sb dién tu trao doi

8y - hoat @ ion kim loai trong dung dich

E e e thé dién cuc tiéu chuan cua kim loai tng véi hoat d6 dung dich bang 1

hoac ap suat khi bang 1 atm. Theo quy udc Stockholm nam 1953, thé dién cuc tiéu
chuan tinh cho cac phan tng dién cuc dugc viét & dang kha theo chiéu tir trai sang
phai.

Pinh luat Faraday

m:AIt:AiSt (2.14)
nF nF

A: Nguyén ti (phan tir) lugng caa kim loai
F: hing s6 Faraday

| =S cuong do dong dién (A)

i- mat do dong dién (A/m?)

S: dién tich (m?)

7: Thoi gian di¢n phan (giay)

n: sb dién tu trao doi.
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2.2.8 Céc loai téc dd an mon

Do giam khdi lwong cia mau / don vi dién tich / don vi thoi gian:
Am
K=—[g/m°h] (2.15)
St

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

_AM_A k_A.

== —=—l, (2.16)
St nF St nF

Veor = 5 = A_m = iicor (2.17)
d dSt nFd

2.3 Sw lam viéc cia cac thanh phan khoang hat min trong bé téng nén

Sau khi dugc nhao tron, cac cau tir caa hdn hop bé tong duoc sap xép lai chit ché
hon. Giai doan nay goi la hinh thanh céu trac. Cac san pham maéi duoc hinh thanh do
quéa trinh hydrat hoa dan dan ting 1én, dén mot lac nao d6, ching tach ra khoi dung
dich qua b&o hod. Sb luong san pham méi tach ra ting 1én dén mot mirc ndo d6 thi cau
trdc keo tu chuyén hoa ciu trdc tinh thé, 1am cho cuong d6 cua bé tong ting 1én. Sy
hinh thanh cau trdc tinh thé s& sinh ra hai hién twong ngugc nhau: ting cuong do va
hinh thanh ndi tng suat trong mang ludi tinh thé. D6 1a nguyén nhan sinh ra vét nit va
giam cuong do cua bé tong.

Khoang thoi gian hinh thanh ciu trac, ciing nhu cudng d6 déo (cudng do dau
tién) cua bé tong phu thuoc vao thanh phan cua bé tdng, dang chat két dinh va phu gia
hoa hoc. HAn hop bé tong cang va kém déo véi ty & phu gia khac nhau khong I6n cé
giai doan hinh thanh cau tric ngan.

Cau tric hdn hop cét liéu tao nén khung chiu luc cho bé téng, cu tric nay phu
thudc vao cudng do ban than hat cbt liéu, tinh chit cau trac nhu dic tinh bé mit hat,
dién tich tiép xuc giita cac hat cét liéu voi da, xi miang va cuong do lién két gitra cac

hat vaéi nhau.
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Trong cau trdc thanh phan cip phdi cua bé téng can c6 lugng nudc nhao tron dé
lam nhiém vu cung cép luong nudc can thiét dé xi ming thuy hoa hoan toan nén dé xi
mang va lam cho hdn hop bé tong c6 do linh dong can thiét dé dat do déo. Luong nudc
thira s& bay hoi tao ra céc 15 rdng trong ciu trdc va lam cho vung chuyén tiép cé cau
trac khong dic chic. Vung tiép xtc cua hd xi mang, cbt liéu duoc goi 1a ving chuyén
tiép. VUng nay c6 cau tric két tinh, 16 rong nhiéu hon va c6 cudng d6 nho hon so voi
cac vung bé tong khac. DS voi bé tong thong thuong, ving chuyén tiép thuong co
chiéu day trong khoang 50-100 um, chtra cac 16 rong tuong dbi 16n va cac tinh thé Ién
ctia san pham thily héa nén cé cuong do thap hon so voi da xi mang ¢ khu vuc cach xa
cot liéu. Do d6, khi bé tong chiu tai trong, Gng suat sinh ra s& lam xuat hién nhitng vét

nat trude tién & vang chuyen tiép.

Khi trong ving chuyén tiép con hién dién céac 16 rong va cac vét nat li ti, thi
cudng do cua cbt lieu khong con tac dung trong viéc tao nén cudng do6 chiu luc cua bé
tong, vi lac d6 hiéu ung truyén tng suét giira xi mang va cot liéu gan nhu khong con
hiéu qua. Do do, viéc sur dung céc loai phu gia lam giam luong nudc va phu gia khoang

hat min s& cai thién cau trdc vaing chuyén tiép, 1am ting cuong do cua bé tong.

Khi str dung thanh phan hat min, tinh chat bé mat cét liéu c6 thé 1am tiang cuong
kha nang lién két giita cét liéu va cac thanh phan khéc trong hdn hop bé téng. Hon hop
hat min do kich thudc hat 1am ting dién tich bé mat dan dén ting cuong do 16p tiép xuc
do tang kha nang lién két gitra cot liéu va da xi ming. Cac hat nay sé lap day 15 rdong
ma hat xi mang khong lot vao dugc. Pong thoi véi kich thudc nho hon hat xi mang
nhiéu, nd bao boc quanh xi ming tao thanh I6p ngin cach khong cho cac hat xi mang

von tu lai véi nhau.
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DSP — He thong hat xi mang
vy muoi silic

Hat xi mang

Hat sieu min

Hinh 2.9: So d6 hé théng hat xi mang — hat siéu min [2°]

Tro bay la nhitng phan ti hinh cau c6 cau trac thay tinh, rong, x6p. Hinh dang hat
va dit trung bé mat cua tro bay c6 thé ding lam thanh phan khoang hoat tinh dé lap
day cac 16 rdng trong cau tric cua bé tong xi mang. Tro bay 1a nhitng phan tir hinh cau
réng va rat nhe, ¢ thé noi trén mat nudc. Poi khi bén trong cau trdc rong dé lai chira
nhitng phan tir tro bay hinh cau khac. Bé& mat cua nhitng hat tro bay hinh cau, réng
(loai tro bay c6 ham luong CaO thép) thi tron nhin va rd hon loai tro bay giau CaO bé
mat duoc bao boc boi loai vat liéu gidu canxi. Tro bay ton tai ca cac khoang tinh thé
1an cac khoéang thuy tinh. N6i chung tro bay c6 tir 15 dén 45% thanh phan tinh thé. Kha
nang hoat tinh héa cua tro bay phu thugc vao nhiéu yéu tb, quan trong nhat co6 thé ké

dén nhu do min, dang ton tai vo dinh hinh, thanh phan khoang va hda hoc.

Silicafume 1a loai bot c6 d6 min rat cao véi kich thudc hat trung binh 0,1-0,2
micron va dién tich bé mit riéng 1én toi 15.000 - 20.000 m2/kg. Céc hat silicafume c6
dang hinh cau. Dé so sanh c6 thé néu dién tich bé mit riéng cua xi ming 1a 350-
500m%/kg, nhu vay silicafume c6 kich thudc khoang 100 lan nho hon hat xi ming.
Thanh phan hoé cua silicafume cha yéu 1a silica -SiOz (hon 90%), con lai la cac oxit
kim loai va cacbon. Muc dich chinh ciia viéc dua cac hat min nay vao bé tong 1a dé tao

nén xi ming dic chic véi cac hat silicafume rat min va c6 hoat tinh. Céc hat silicafume
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tham gia phan tng pozolan véi hydroxyt canxi hinh thanh khi xi mang thuy hod; do
vy lam ting tong cac san pham thuy hoé va giam lwong hydroxyt canxi. Khi st dung
dung, silicafume s& lam ting cudong d6 va giam kha ning tham cua bé tong lam bé tong
tré nén bén ldu hon. San phdm dic trung cho tinh chat cua silicafume nay la
silicafume. Viéc dua mot lugng cac hat silicafume siéu min vao hon hop bé tong bén
canh tinh ¢ két hon cua vat liéu ndy con tao ra hiéu tmg boi tron trong bé téng do cac
hat silicafume c6 dang hinh cau. Nhu cau nu6c dé duy tri tinh cong tac ting s& duoc
diéu chinh binh thuong khi bé sung cac phu gia siéu déo, giam nuéc hay déo hod. Do

vay hon hop bé tong sé van cd tinh dinh so voi hon hop bé tong thuong.
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CHUONG 3: NGUYEN VAT LIEU VA PHUONG PHAP
THI NGHIEM
3.1 Nguyén vat li¢u
Bé téng chat lwong cao sir dung cac vat liéu chinh 13: xi mang portland PCB 40,
cac phu gia khoang hat min (Tro bay loai F, Silicafume), nuéc, cbt lidu (cét lieu nho,
cot liéu thd).
Hoa chit dé tao méi trudng an mon cho bé tong 1a axit: HCI, H2SOs.

3.1.1 Xi mang

</INSEE

Xi Mdng Pa Dung
INSEE Power-S

Chic Méng, Bén Tudng

To

Méng Xay

L PCB40

Hinh 3.1: Xi mang str dung trong thi nghi¢m
Str dung xi mang Insee PCB 40 déy 1a loai xi mang duoc sir dung phd bién trén
thi truong, c6 cac chi tiéu ky thuat khéi lueong riéng 3,13 g/cm?® va céc tinh chét trinh
bay trong bang.
Bang 3.1: Thanh phan tinh chét co 1y cta xi ming Insee PCB 40

STT Cac chi tiéu Giatri

1 | Gidi han bén nén khong nho hon
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STT Céc chi tiéu Gia tri

3 ngay khong nhé hon 22 (N/mm?)
28 ngay khong nho hon 42 (N/mm?)
P min

2 | Luogng sot trén san 0,08mm 9%
Ti dién tich bé mat 2750 cm?/g
Thoi gian ninh két :

3 | Bat dau khong sém hon (phut) 130
Két thic khdng cham hon (phut) 240

3.1.2 Cét liéu Ién

Hinh 3.2: C6t liéu lén

Cét liu 16n duoc str dung trong thuc nghiém 1a d4 c6 Dmax = 20mm.
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5 10 , 5% 20 25
Kich thu’o”lc 10 san (mm)

Hinh 3.3: Buong biéu dién thanh phan hat cuaa cot ligu 16n.

Cac chi tiéu co 1y cua da dugc xac dinh theo tiéu chuan TCVN 7572:2006 24 ¢t
liéu cho bé tbng va vira.

Bang 3.2: C4c tinh chat co 1y cua da

A A A P ) Pa
STT Tén chi tiéu Tiéu chuan | Don vi
Dmax =20mm
TCVN
1 Ham lugng bui bun sét % 0,72
7572-8:06
’ q , TCVN
2 Khoi lugng thé tich xop Kg/m3 1,4
7572-6:06
, TCVN
3 Khoi Iugng riéng g/cm3 2700
7572-4:06
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3.1.3 Cot liéu nhé

Hinh 3.4: Cét liéu nhé

Cat dung cho nghién cau phai thoa méin c4c yéu cau cua cat theo yéu cau cua
TCVN 7576:2005 [23] “Cat xay dung — Y&u cau k¥ thuat”. Cat dugc str dung la cat sach
& song Pong Nai, ¢& hat thd. CAc tinh chat co 1y nhu khéi luong riéng, khdi lugng thé
tich, thanh phan hat... ciing dugc thi nghiém theo Tiéu chuan Viét Nam. Cat duoc lam

sach va say kho trude khi dua vao sir dung.

o //‘,;;;;=ﬁ==*==¥'ﬁf
_ 0 =T JECTTE
& 20 oot e et
? 30 ””””” 7 R .’i‘.’ ”””””””””””””””””””””””””””
. P
= 4 | j ”””” ;.’.’.’“ ””””””””””””””””””””””””””””
= 50 | g oo — = Catsong
2 ] o
8 60 [ "7 e ””;i" ”””””””””
2f 70 ,,,;;/,,,g.,. ,,,,,,,,,,,,,,,,,,,, .
§' 80 / 7 7777777777777777777777 ++=++++Gidi han thanh phan hat cat
i Jde dung trong XD theo TCVN
0 7576:2005 -
100 -
0 1 2 3 4 5
Kich thuéc 16 sang (mm)

Hinh 3.5: Buong biéu didn thanh phan hat cua cét.
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3.1.4 Nwoc

Nudc dung dé ché tao hdn hop bé téng 1a nuéc thay cuc. Phai tuan thu theo tiéu
chuan TCVN 4506 — 2012 129,

3.1.5Tro bay
Bang 3.3: Thanh phan vat Iy cua tro bay
Thanh £ Ham lwong lot ,Chl >0 hoatA Chi s6 hoat Lwong mat
x| Khoi lwgng \ tinh cwong do | , \ A .
phan vat ly riéng (g/cm?) sang 0.05 mm sau 28 Naad tinh cwong do sau khi
thi nghiém 919 (%) (%)g Y |sau7 ngay (%) nung (g)
. ASTM C311
Tiéu chuan | TCVN 4030- | ASTM C311, | ASTM C311, | ASTM C311, STC\/Cl\? ’
ap dung 86 TVCN 6016-95 | TCVN 6016-95 | TCVN 6016-95 141-98
Tro bay 2,74 88 85 78,5 4,76
Pha lai
Tro bay 2.4 93,5 90,7 79,6 1,0
Formosa
Bang 3.4: Thanh phan hoéa hoc cua tro bay
Két qua thir nghiém (%)
MKN | SiO> | AlbO3 | FeO | Fe;03 | CaO | MgO | Na2O | K20 | TiO2 | P20s | SO3
2.39 |55.26|16.58 [0.124|12.31 |525 |4.25 |0.62 |0.71 |1.206 |0.129 | 0.211

Mot trong nhimg 1y do dé st dung tro bay trong bé tdng hat min 1a nham ting

cudng do cua bé tdng trong qué trinh ninh két va tang d6 bén lién két trong qua trinh st

dung. Trong qué trinh hydrat héa tro bay, tro bay s& tdc dung véi Canxi hidroxit dé tao

thanh Canxi silicat va va Canxi aluminat. Tir d6 s& gilp giam di hién twong thim Canxi

hidroxit (Ca(OH)2) vao trong bé tong va ting kha ning chéng tham cua bé téng. Tro

bay c6 cau tric phan tir hinh cau, vi vay sé cai thién duoc do bén cua bé téng hat min.

Tro bay str dung trong dé tai 1a tro bay Pha Lai (loai F)
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Hinh 3.6: Tro bay Pha Lai dung dic mau thi nghiém

Bang 3.5: Két qua thi nghiém cac chi tiéu theo phiéu xuat xudong caa nha may

STT Céc tiéu chi thi nghiém Phuwong phap thir | Ponvi | Kétqua
1 | Khéi luong riéng TCVN 4030: 2003 g/lcm3 2,20
2 | Khéi lwong thé tich xdp 1084
3 Sgii %"aﬂ%f.“c'%'fxﬁé‘” 7NgYSO | 14TCVN 108:1999 % 75,50
4 \%‘ii ;"aﬂc(’ia(flt(':?]?r;‘;‘" 281gay SO | 4 4TCVN 108:1999 % 85,000
5 | Ham lugng mat khi nung TCVN 8262:2009 % 4,0
6 | Ham luong SiO; TCVN 8262:2009 % 85,10
7 | Ham luong Fe20s TCVN 8262:2009 % 1,75
8 | Ham lugng ALO3 TCVN 8262:2009 % 9,87
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STT

Cac tiéu chi thi nghiém

Phwong phap thw

Pon vi

Két qua

9 | Ham lugng CaO

TCVN 8262:2009

%

1,09

3.1.6 Silicafume

Hinh 3.7: Phu gia khoang hat min Silicafume

Pam bao céc chi tiéu theo TCVN 8827:2011 #7, Thanh phan hda hoc cha yéu

cua silicafume la SiO..

Bang 3.6: C4c tinh chat vat ly cua Silicafume.

STT Chi tiéu thi nghiém Phwong phap thir | Ponvi | Kétqua
1 | Khéi lugng riéng TCVN 4030:2003 glcm? 2,10
2 | Khéi luong thé tich xdp TCVN 4030: 2003 Kg/m? 925
3 | Ham lugng mat khi nung TCVN 8262:2009 % 4,20
4 | Ham lugng SiOz TCVN 8262:2009 % 93,45
5 | Ham lugng Fe203 TCVN 8262:2009 % 0,52
6 | Ham luong Al,O3 TCVN 8262:2009 % 0,92
7 | Ham lugng CaO TCVN 8262:2009 % 1,57
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Bang 3.7: Tinh chat k¥ thuat caa Silicafume

Ham lugng SiO2 | P9 4m (%) | Lweng mat khi nung (%) Ti’(ﬁ)‘)@n
> 85 <3 <6 15 - 30

3.1.7 Thi nghiém va ngadm trong dung dich axit (H.SO4va HCI)

Axit duoc mua tir cac cong ty hoa chét trén thi truong, pha lodng xubng con 5%
va 10% dé thyuc hién thi nghiém kha ning chéng dn mon cia bé téng. Cac mbe thoi
gian thi nghiém 1an luot 1a 0 ngay (chwa ngam hoéa chat), 30 ngay, 60 ngay va 90 ngay

ngam mau vaéi hoa chat.

Cac mau sau khi tinh dinh 48 gid nén dugc thdo khudn va dudng ho theo TCVN
3105: 1993 [28],

3.2 Phuwong phap thi nghiém
3.2.1 Quy trinh va phwong phap thi nghiém

Thi nghiém kha ning chong dn mon cua bé téng duoc thuc hién trén cac mau
tuong tng V4i bay cap phéi khac nhau. Céc phu gia khoang duoc sir dung 1a silicafume
ty 16 5%, 10% thay thé mot phan xi ming va két hop vai tro bay caa nha may nhiét
dién Pha Lai ty 1¢ 10%, 20%. Bang 3.8 cho thay ty Ié cua céc vat liéu duoc sir dung
trong thi nghiém. Cac mau thi nghiém duogc duc véi kich thuéc hinh tru 100x200
(mm), sau 28 ngay duc mau va di dugc dudng ho, tit ca cac mau duge vé sinh chay
nhe trén bé mat dé loai bo céc tap chét, do kich thudc sau d6 dung cén Iéiy sb lieu vé
khdi lwong ban dau roi chuyén vao cac thung chira dung dich axit H2SO4 va HCL véi
nong do mdi loai 1a 5%, 10% dé danh gia cac chi tiéu vé kha ning chong dn mon. Céc
hoa chat ngdm mau c6 dang dung dich ding yén (khéng tac dong dén dung dich trong
thoi gian thi nghiém).

Thoi gian ngdm mau véi cac mdc thoi gian 12 0 ngay (khong tiép xdc méi truong

axit), 30 ngay, 60 ngay va 90 ngay. Trong qua trinh theo ddi thi nghiém dén cac moc
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thoi gian néu trén cac mau duoc 1ay ra khoi dung dich héa chét, lau sach mau bang
khin mém va sau 48 gio sé tién hanh can miu dé xac dinh tinh trang mat trong luong
do an mon tiép tyc dung may nén thuy lyc nén mau lay két qua danh gia, so sanh.

3.2.2 Phwong phap tao miu thi nghiém

Tron ¢t lieu 16m voi cdt liéu nho trong may tron, sau d6 xi mang, tro bay,
silicafume duoc thém vao theo ty 1& cap phdi timg mau di duoc tinh toan. Sau khi hdn

hop bé tong da duoc tron déu sau d6 cho nude vao tiép tuc tron hdn hop trén.

Str dung khuén mau hinh try 100x200 (mm).

Hinh 3.8: Khu6n duc mau

Hon hop bé tong sau khi nhao tron dugc xac dinh d¢ linh dong béng cach thur do
sut theo TCVN 3106-1993 21, Sau d6 dic miu xac dinh cic tinh chit co 1y theo
TCVN 3118-1993 [ Phurong phép xac dinh cuong do nén bé tong, cudong do chiu nén

cua bé tbng nang.
3.2.3 Thanh phin cip phéi

Cot liu 16n sir dung 1a d4 c6 Dmax = 20mm. Ham luong tro bay lan lugt 1a 0%,
10% va 20% theo khéi lwong xi ming. Ham luong silicafume lan luot 12 0%, 5% va
10% theo khdi lugng xi mang. Thanh phan cip phdi bé tong thuc nghiém duoc trinh

bay trong Bang 3.8.
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Bang 3.8: Thanh phan cap phéi bé téng thuc nghiém

Ky Xi Tro bay Silicafume Cat bi | Nuoc
STT | hiéu | ming s > )
mau | (ko) kg |Tylé| kg | Tylé (Mm% | (M) | (i)

1 CP1 308 - 0% - 0% 0.462 | 0.834 | 205

2 CP2 292.6 0 0% | 154 | 5% 0.462 | 0.834 | 205

3 CP3 | 277.2 0 0% | 308 | 10% | 0.462 | 0.834 | 205

4 CP4 | 236.3 | 308 | 10% | 154 | 5% 0.462 | 0.834 | 205

5 CP5 | 2224 | 308 | 10% | 30.8 | 10% | 0.462 | 0.834 | 205

6 CP6 2085 | 616 | 20% | 154 | 5% 0.462 | 0.834 | 205

7 CP7 1946 | 61.6 | 20% | 30.8 | 10% | 0.462 | 0.834 | 205

3.2.4 Phwong phap xac dinh thanh phan cap phdéi
Khéi lugng riéng cua:  Tro bay la 2200 kg/m?

Silicafume la 2100 kg/m?®
Xi ming 1a 3150 kg/m®
Cét la 2670 kg/m?®
b4 1a 2710 kg/m?®
Xac dinh thanh phan cip phdi dua trén nguyén tic la thé tich tuyét ddi véi
V=1m3. Céc nguyén liéu trong tirng cip phdi co ty Ié theo khéi luong tuong tng Voi
nhau sao cho tong thé tich 1a 1m3.
3.2.5 Piic miu
Céc thanh phan nguyén vat liéu cua ting cap phdi sau khi duge dinh luong dugc
nhao tron khé bing may tron, sau do tiép tuc cho nuwdc vao tron déu trong khoang 2

phat.
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Can dinh hrong vt lién
[ Nhao trén |
(v
=T
[ Thiomﬂuvéxi:thkhéihm ]
ban dau

in mon

[ Ngim miu trong méi treong }

.
Xac dinh lai khéi hrong va tién hanh nén
xac dmh cwong d6 sau thoi gian ngam

Danh gia, so sanh két qua thi nghiém

Hinh 3.9: Quy trinh ché tao hdn hop bé tong
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3.2.6 Dwong hg va thi nghiém
Cac mau bé tong sau khi d6 dugc tinh dinh 48 gio s& duogc thao khudn va dudng

ho trong 28 ngay sau diic mau.

Hinh 3.11: Pha dung dich axit ngdm mau

Nong do dung dich cua axit ddm dic HCI 37%, H2S04 98% dwoc mua tir cong ty
chuyén dung, dugc chitng nhan va dam bao bai nha cung cap uy tin. Khi tién hanh thyc

nghiém pha lodng xudng ndng do 5%, 10% theo cong thtrc hoa hoc.

39



Cac miu duoc can va do kich thudc 1ay s6 lidu ban dau trude khi ngdm axit dé

danh gia kha ning chdng dn mon cuia mau theo thoi gian.

Hinh 3.12: Mau dugc dua vao thung ngdm dung dich axit

3.2.7 Phwong phap xac dinh cwong do chiu nén ciaa bé tong

Cudng d6 chiu nén 1a mot tinh chit co ban cua bé tong. Cuong do chiu nén 1a co
s dé xac dinh Méc bé tong theo cuong dd chiu nén, Mac bé tong theo cudng do chiu
nén lai duoc dung dé thiét ké cap phdi bé tong. Nhu vay cudng d6 chiu nén 1a mot chi
tiéu quan trong dé danh gia cudng d6 va chat luong cua bé tong. Viéc xac dinh gidi
han cuong dd chiu nén cua bé tong thuong theo mau ling tru 100mm x 200mm theo
tiéu chuan TCVN 3118-1993 [,
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P
R=a— 3.1
= (3.1)

Trong do:

P - tai trong pha hoai, tinh bang daN;

F - Dién tich chiu luc nén cua vién mau, tinh bang cm?;

a - Hé s6 tinh d6i ctia mau try kich thusce 100 x 200mm 1a 1,16

Tinh trung binh cong cac két qua nén mau, loai bé gié tri 6 sai léch 16n hon 15%
so véi gi4 tri trung binh. Két qua cudi cung 1a gié tri trung binh cong cua cé4c gia tri hop

I& con lai, chinh x&c tgi 0,1N/mm?.
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CHUONG 4: KET QUA THI NGHIEM

Cac mau thi nghiém sau khi tinh dinh 48 gio sau khi duc sé thao khudn va dudng
ho trong 28 ngay tiép theo. C4c mau duoc vé sinh chay nhe trén bé mit dé loai bo cac
tap chat, do kich thudc va sau 48 gio (trong diéu kién tu nhién) s& tién hanh can lay sé
licu vé khéi lwong ban dau dé danh gia cac chi tiéu vé kha ning chéng in mon theo
thoi gian. Hai loai hod chat dugc sir dung bao gdm dung dich H2SO4 va HCL véi ndng
d6 5%, 10%. Cac hda chat ngdm mau c6 dang dung dich ding yén (khéng tac dong
dén dung dich trong thoi gian thi nghiém).

Sau khi ngdm mau dén cac méc thoi gian 1a 0 ngay (khéng tiép xtic méi trudng
axit), 30 ngay, 60 ngay va 90 ngay. Cac mau duoc lay ra khoi dung dich hoa chat, lau
sach mau bang khin mém va sau 48 gio tién hanh can mau dé xac dinh tinh trang mat
trong luong do dn mon. Sau do tién hanh nén mau dé xac dinh cudng do chiu nén theo

thoi gian ngam trong cac loai axit véi nong dé khac nhau.

4.1 Kiém tra truc quan

Cac mau duoc ngdm trong moi truong axit sau cac moc thoi gian déu bi dn mon,
c6 nhiéu mau bi an mon rat manh. Axit tin cong gay an mon xi mang lam mat do bam
dinh giita xi mang va cbt liéu day 1a nguyén nhan chinh dan dén viéc mat khéi luong

cia mau bé tong.

4.1.1 Dung dich axit H2SO4

Quan sét trong qua trinh thi nghiém, cac mau hinh thanh mét 16p tring xung
quanh bé mat cua cdc mau day 1a thach cao (CaS04.2H20) dugc hinh thanh boi sy
phan huy canxi hydroxit. Sau thoi gian 90 ngdy mau bi an mon manh lam 16 ra ¢t lidu

d4 bén trong, twong ty nhu két qua nghién ciru va mo ta cia K. Kawai P,
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Hinh 4.1: Mau ngam trong dung dich H2SO4

4.1.3 Dung dich axit HCL

Sy an mon cua axit HCL manh hon nhiéu so véi H2SO4 cic phan tmg hoa hoc
lién tuc 1am ting d6 x6p cua xi ming va 1am ting thé tich 16 rdng 1am ting téc d phan
mg. Sau thoi gian 90 ngdy mau bj dn mon manh 1am 16 ra cét liéu da bén trong, tuong

tu theo mo ta cua E. O. Nnadi .
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Hinh 4.2: Cac mau ngam trong dung dich HCL 10% sau 90 ngay

4.2 Anh hwdng cia ham lwong tro bay va silicafume dén kha ning chiu nén caa
bé tdng

Bang 4.1: Két qua thi nghiém cudng d6 chiu nén khi chua ngam axit

STT Cép phéi C‘:’gﬁg(&épgl)‘i“
1 CP1 14,52
2 CP2 15.54
3 CP3 16.14
4 CP4 16.60
5 CP5 17.26
6 CP6 15.51
7 CP7 15.93
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18 17.26

17
16.60
17
16.14
15.93
16
15.54 15.51
16
15
14.52
15
14
14
13

CP1 CP2 CP3 CP4 CP5 CP6 CpP7
0% FA 0% FA 0% FA 10% FA 10% FA 20% FA 20% FA
0% Si 5% Si 10% Si 5% Si 10% Si 5% Si 10% Si

m Cuwdng db chiu nén (MPa)

Hinh 4.3: Cudng do chiu nén cua bé tong trude khi ngdm mau theo tirng cap phdi

Két qua thi nghiém duoc biéu dién trén Hinh 4.3 cho thay sy anh huéng cua tro
bay va phu gia khoang silicafume dén cuong d6 chiu nén cua bé téng thay doi theo
tirng cap cap phéi. Cuong d6 chiu nén cua bé tong co khuynh hudng ting tir +6,8% dén
+18,9% so véi cap phdi CP1 (d6i ching), cao nhat 1a cip phdi CP5 véi ty 1& 10% tro
bay va 10% silicafume. Tuy nhién khi ham luong tro bay 1a 20% thi cuong do nén cua

cap phdi CP6, CP7 lai giam xudng 6,9% va 9,8% so vai cap phbi CP5.

Theo B. Suresh Babu [22, cap phéi st dung 10% silicafume va 10% tro bay thay
thé xi mang thi cuong do chiu nén cua bé téng 1a cao nhat do c6 ham lugng pozzolanic
tu nhién cao, gilp phan Gng véi calcium hydroxide dé hinh thanh thé gel calcium

hydroxide hydrate tdng cudng co tinh cho bé tong.
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4.3 Anh hwéng caa thanh phan khoang hat min dén cwong dé chiu nén theo thoi
gian ngam

Két qua thi nghiém vé cuong d6 chiu nén (MPa) ciia mau sau khi ngam trong moi

truong axit an mon duoc thé hién trong Bang 4.2.

Hinh 4.4: Nén mau bé tong

Bang 4.2: Két qua thi nghiém cudng do chiu nén (MPa) cua bé tong

0 ngay 30 ngay 60 ngay 90 ngay
Dung dich HCL 5%
CP1 14.52 13.62 12.28 11.48
CP2 15.54 15.08 13.97 12.16
CP3 16.14 15.37 14.19 12.58
CP4 16.60 15.50 14.65 13.67
CP5 17.26 16.21 15.56 14.56
CP6 15.51 14.59 13.61 11.84
CP7 15.93 15.26 14.41 12.10
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0 ngay 30 ngay 60 ngay 90 ngay
Dung dich HCL 10%
CP1 14.52 11.63 9.73 8.92
CP2 15.54 12.68 11.81 9.63
CP3 16.14 12.91 12.18 10.60
CP4 16.60 12.87 12.99 10.37
CP5 17.26 14.46 13.36 11.74
CP6 15.51 12.42 12.32 9.83
CP7 15.93 13.12 11.95 10.77
Dung dich H2S04 5%
CP1 14.52 14.43 13.81 12.84
CP2 15.54 15.37 14.90 13.33
CP3 16.14 15.52 15.31 15.12
CP4 16.60 15.86 15.60 14.92
CP5 17.26 17.02 15.74 15.66
CP6 15.51 15.30 14.95 13.63
CP7 15.93 15.52 15.33 14.37
Dung dich H2SO4 10%
CP1 14.52 13.14 11.75 11.14
CP2 15.54 13.83 13.29 12.05
CP3 16.14 14.96 14.45 14.31
CP4 16.60 15.19 14.81 13.41
CP5 17.26 16.36 15.53 15.14
CP6 15.51 14.49 13.64 12.44
CP7 15.93 14.98 13.85 14.11
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4.3.1 Anh hwéng caa Silicafume dén cwong dd nén theo thai gian ngam

Bang 4.3: Két qua thi nghiém cudng do chiu nén (MPa) cia mau bé téng ding

phu gia silicafume
hligj Tyflfrf]l:ca 0 ngay 30 ngay 60 ngay 90 ngay
Dung dich HCL 5%
CP1 0% 14.52 13.62 12.28 11.48
CP2 5% 15.54 15.08 13.97 12.16
CP3 10% 16.14 15.37 14.19 12.58
Dung dich HCL 10%
CP1 0% 14.52 11.63 9.73 8.92
CP2 5% 15.54 12.68 10.34 9.63
CP3 10% 16.14 12.91 12.18 10.60
Dung dich H2S04 5%
CP1 0% 14.52 14.43 13.81 12.84
CP2 5% 15.54 15.37 14.90 13.33
CP3 10% 16.14 15.52 15.31 15.12
Dung dich H2SO4 10%
CP1 0% 14.52 13.14 11.75 11.14
CP2 5% 15.54 13.83 13.29 12.79
CP3 10% 16.14 14.96 14.45 14.31
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CUONG PO NEN (MPA)

CUONG PO NEN (MPA)

16

15

14

13

12

11

10

16

15

14

13

12

11

10

——HCL 5%

—f— HCL 10%

=fe=—H2504 5%
H2504 10%

cp1 CcP2 CcP3
DOl CHUNG 5% SF 10% SF

Cap phdéi bé tong

(a): Cuong do chiu nén cua mau sau 30 ngay ngam

!

=—&—HCL 5%

—f— HCL 10%

== H2504 5%
H2504 10%

cp1 cP2 CcP3
pOI CHUNG 5% SF 10% SF

Céap phdi bé téng

(b): Cudng do chiu nén ctia mau sau 60 ngay ngam
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CUONG DO NEN (MPA)
=
N

~—
11 H2504 5%
10 H2504 10%
9
8
cpP1 CcP2 cP3
DOl CHUNG 5% SF 10% SF

Cap phdi bé tong
(c): Cuong do6 chiu nén cia mau sau 90 ngay ngam
Hinh 4.5: Cuodng do chiu nén caa mau dung phu gia Silicafume sau thoi gian

ngam hoa chat

Két qua thi nghiém duoc biéu dién trén Hinh 4.5 cho thay sau thoi gian ngam
trong cac dung dich hoa chat ham lwong cua silicafume anh huéng dén cudng do chiu
nén cua bé téng co khuynh hudng ting 1én khi thay doi tir 0% dén 10%, dat cuong do
nén cao nhat la cap phéi CP3. Sau 90 ngay ngdm mau cap phéi CP3 trong dung dich
H2S04 5% giam 6,34% so voi cudng d6 mau khdng ngam, véi nong do 10% thi giam
11,37%. Trong dung dich HCI thi cudng d6 giam nhiéu hon 22,08% trong dung dich
HCI 5% va giam dén 34,36% khi ngam véi nong do 10%.

4.3.2 Anh hwéng ciaa 5% Silicafume két hop véi Tro bay
Bang 4.4: Két qua thi nghiém cudng do chiu nén (MPa) cua mau ding 5% phu

gia silicafume két hop Tro bay

Ky | Silica | Tro

higu | fume bay 30 ngay 60 ngay 90 ngay

Dung dich HCL 5%

CP1 0% 0% 13.62 12.28 11.48
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Ky

Silica

Tro

hisu | fume bay 30 ngay 60 ngay 90 ngay
CP2 5% 0% 15.08 13.97 12.16
CP4 9% 10% 15.50 14.65 13.97
CP6 5% 20% 14.59 13.61 11.84
Dung dich HCL 10%
CP1 0% 0% 11.63 9.73 8.92
CP2 5% 0% 12.68 10.34 9.63
CP4 9% 10% 12.87 12.99 11.25
CP6 5% 20% 12.42 10.85 9.83
Dung dich H2S04 5%
CP1 0% 0% 14.43 13.81 12.84
CP2 5% 0% 15.37 14.90 13.33
CP4 5% 10% 15.86 15.60 15.22
CP6 5% 20% 15.30 14.95 13.04
Dung dich H2SO4 10%
CP1 0% 0% 13.14 11.75 11.14
CP2 5% 0% 13.83 13.29 12.79
CP4 5% 10% 15.93 14.81 14.59
CP6 5% 20% 14.49 13.64 13.03
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CUONG DO NEN (MPA)

CUONG BO NEN (MPA)

—4— HCL 5%
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H2504 10%

—

cpP1
pOI CHUNG

CP2 CP4
5% SF 5% SF
10% FA

Cap phdéi bé tong

CP6
5% SF
20% FA

(a): Cudng d6 chiu nén cua mau sau 30 ngay ngam

—4— HCL 5%
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cP1
POl CHUNG

== HCL10%  ==#=—H2504 5%

—

CP2 CP4
5% SF 5% SF
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Céap phdi bé téng

H2504 10%

(4

CP6
5% SF
20% FA

(b): Cuong do chiu nén cia mau sau 60 ngay ngam
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=—&—HCL 5% HCL 10% H2504 5% H2504 10%
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CUONG BO NEN (MPA)
= = =
[o0] Vo] o [ N

~

(o1 CP2 CP4 CP6
DOl CHUNG 5% SF 5% SF 5% SF
10% FA 20% FA

Cap phdi bé téng
(c): Cudng dd chiu nén cia mau sau 90 ngay ngam

Hinh 4.6: Cuong d6 chiu nén cua mau dung 5% phu gia Silicafume két hop Tro

bay sau thoi gian ngadm hoa chat
Két qua thi nghiém duoc biéu dién trén Hinh 4.6 cho thay khi sir dung 5% phu gia
silicafume két hop véi tro bay thi cudng do chiu nén cua bé tong dat cao nhat & cap

phdi CP4 véi 10% tro bay va giam xudng khi ting 1én 20%.
Sau 90 ngay ngam hoa chat véi cap phdi CP4 cudng do bé tong giam 37,54% khi
ngadm dung dich HCL 10%, véi nong do 5% thi giam 20,84%. Déi véi dung dich

H2S04 5% giam chi 12,16% trong khi d6 H2SO4 10% 14 giam cuong do dén 19,78%.

4.3.3 Anh hwéng ciaa 10% Silicafume két hop véi Tro bay
Bang 4.5: Két qua thi nghiém cudng do chiu nén (MPa) cia mau ding 10% phu

gia silicafume két hop tro bay

Ky | Silica | Tro

higu | fume bay 30 ngay 60 ngay 90 ngay

Dung dich HCL 5%
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Ky

Silica

Tro

hisu | fume bay 30 ngay 60 ngay 90 ngay
CP1 0% 0% 13.62 12.28 11.48
CP3 10% 0% 15.37 14.19 12.58
CP5 | 10% 10% 16.21 15.56 14.56
CP7 10% 20% 15.26 14.41 12.39
Dung dich HCL 10%
CP1 0% 0% 11.63 9.73 8.92
CP3 10% 0% 12.91 12.18 10.60
CP5 | 10% 10% 14.46 13.36 11.74
CP7 10% 20% 13.12 11.95 10.77
Dung dich H2SO4 5%
CP1 0% 0% 14.43 13.81 12.84
CP3 10% 0% 15.52 15.31 15.12
CP5 10% 10% 17.02 15.74 15.66
CP7 10% 20% 15.52 15.33 14.37
Dung dich H2S04 10%
CP1 0% 0% 13.14 11.75 11.14
CP3 10% 0% 14.96 12.83 14.31
CP5 | 10% 10% 16.36 15.53 15.14
CP7 10% 20% 14.98 13.85 14.11
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CUONG DO NEN (MPA)

CUONG BO NEN (MPA)

=—4—HCL5% =——HCL10% ==#h=—H25045% H2504 10%
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14
13
12
11
10
~cP1 cP3 CP5 cpP7
pOI CHUNG 10% SF 10% SF 10% SF
10% FA 20% FA
Cap phoi bé tong
(a): Cuong do chiu nén cia mau sau 30 ngay ngam
—4—HCL5% =—M—HCL10% =h=—H25045% H2504 10%
16
15 \
14
13
12
11
10
9
8
CcP1 CcP3 CP5 cp7
DOl CHUNG 10% SF 10% SF 10% SF
10% FA 20% FA

Cap phdi bé tong
(b): Cudng @6 chiu nén cua mau sau 60 ngay ngam
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Cép phéi bé tong
(c): Cudng dd chiu nén cia mau sau 90 ngay ngam
Hinh 4.7: Cuong d6 chiu nén ciia mau dung 10% phu gia Silicafume két hop

Tro bay sau thoi gian ngam héa chat

Két qua thi nghiém biéu dién trén hinh 4.7 cho thiy bé tong c6 xu hudng ting
cuong do chiu nén tuong tu khi sir dung 5% silicafume sau 90 ngay ngam hoa chat, cap
phdi CP5 it bi anh hudng va dat cuong d6 tot nhat so véi cac cap phdi con lai, giam
10,11% trong dung dich H2SO4 5%, 19,24% trong nong do 10%. Trong dung dich HCI
10% giam dén 37,54% va dung dich HCI 5% la 17,63%.

Két qua nay ciing twong tu voi nghién ciu cua E. Hewayde 31 va T. Suresh
Babul? cuong do chiu nén ti uu nhat cia bé tong tdi wu nhat vai ty 1& 10% silicafume
két hop 10% tro bay thay thé xi mang (CP5) dong thai khi ngam trong cac méi truong
an mon véi ndng do khac nhau cuong do van cao hon so véi cac cap phdi con lai. Sau
90 ngay ngam thi cirg do chiu nén CP5 cao hon tir 8,2% dén 36,1% so véi cap phdi
CP4 dung 5% silicafume va 5% tro bay.

Tuy nhién néu dé bé téng duoc tiép xtc 1au dai hon trong moi trudng an mon nay

thi tat ca cac mau sé c6 thé mat kha niang mat cudong do hoan toan.
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4.4 Anh hwéng caa thanh phan khoang hat min dén sw thay déi khéi lwong theo
thaoi gian ngam

Két qua thi nghiém vé thay ddi khéi lwong cua mau theo phan trim sau khi ngdm
trong méi truong axit an mon duoc thé hién trong Bang 4.6.

Muc do suy giam khéi luong caa mau khi tiép xdc véi dung dich HCI nhiéu hon

dung dich H2SO4 la do thach cao it tan trong nuéc hon canxi clorua [,

Bang 4.6: Két qua thi nghiém thay d6i khdi lugng mau (%)

30 ngay 60 ngay 90 ngay

Dung dich HCL 5%
CP1 6.49 8.10 8.89
CP2 6.02 7.35 8.54
CP3 5.54 7.37 7.94
CP4 5.03 6.58 7.13
CP5 4.69 5.81 6.80
CP6 4.92 6.80 7.53
CP7 5.58 7.16 7.65

Dung dich HCL 10%
CP1 8.41 11.17 12.81
CP2 7.65 10.78 12.12
CP3 7.53 10.49 11.84
CP4 7.53 9.96 11.46
CP5 6.87 8.95 10.65
CP6 7.28 9.61 11.22
CP7 7.48 10.01 11.05

Dung dich H2SO4 5%
CP1 2.13 3.12 3.57
CP2 1.88 2.90 3.12
CP3 1.76 2.51 2.99

57



30 ngay 60 ngay 90 ngay
CP4 1.47 2.13 2.68
CP5 1.28 2.08 2.41
CP6 1.47 2.20 2.71
CP7 1.63 2.37 3.06
Dung dich H2SO4 10%
CP1 3.04 4.05 5.22
CP2 3.80 3.99 4.74
CP3 3.22 3.73 4.58
CP4 3.06 3.31 4.02
CP5 2.63 3.49 3.74
CP6 2.93 3.75 3.92
CP7 3.49 3.77 4.44

4.4.1 Anh hwéng cia phu gia Silicafume dén sw thay do6i khéi lwong sau thoi
gian ngam hoa chat

Bang 4.7: Két qua thi nghiém sy thay d6i khéi luong ciia mau ding phu gia

silicafume sau thoi gian ngam hoa chat

Ky hi¢u | Silica fume 30 ngay 60 ngay 90 ngay

Dung dich HCI 5%

CP1 0% 6.49 8.10 8.89

CP2 5% 6.02 7.35 8.54

CP3 10% 5.54 7.37 7.94
Dung dich HCI 10%

CP1 0% 8.41 11.17 12.81

CP2 5% 7.65 10.78 12.12

CP3 10% 7.53 10.49 11.84

Dung dich H2SO4 5%
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Ky hiéu | Silica fume 30 ngay 60 ngay 90 ngay
CP1 0% 2.13 3.12 3.57
CP2 5% 1.88 2.90 3.12
CP3 10% 1.76 2.51 2.99

Dung dich H2SO4 10%
CP1 0% 4.04 4.50 5.22
CP2 5% 3.80 3.99 4,74
CP3 10% 3.22 3.73 4.58
9
8
7
S
S 6 \
T s —o—HCL 5%
9
%’ 4 HCL 10%
2 H2S04 5%
0 3
< H2504 10%

CpP1

pOI CHUNG

CP2
5% SF

CP3
10% SF

Céap phdi bé téng

(a): Su thay d6i khdi lwgng cua mau sau 30 ngay ngam
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Cap phdi bé téng

(b): Su thay d6i khdi lwgng cia mau sau 60 ngay ngam
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= ¢ S R —4—HCL 5%
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= HCL 10%
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2 H2504 5%
o 4
< H2504 10%
2
0
cP1 CP2 CP3
pOI CHUNG 5% SF 10% SF

Céap phdi bé téng
(c): Su thay ddi khéi lwong cia mau sau 90 ngay ngam
Hinh 4.8: Sy thay doi khéi lwong caa mau ding phu gia Silicafume sau thoi gian
ngam hoa chat
Két qua thi nghiém duoc biéu dién trén Hinh 4.8 c4&c mau bi an mon ¢6 xu hudng
giam khi tang ham luong silicafume Ién. Diéu nay twong tu véi két qua nghién ciu cua

E. Hewayde (% silicafume cai thién dang ké cuong do chiu nén va giam do xop, lap
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day cac 15 rdng ciia bé tong va cai thién kha nang chéng an mon trong méi truong axit

nong do cao.

Sau 90 ngay ngam trong dung dich axit cdc mau déu bi dn mon rat manh, mac du
bi anh huéng it nhat nhung cip phdi CP3 chiu sy dn mon nang né nhat bai dung dich
HCI 10% khi giam dén 11,84%, véSi nong d6 5% thi giam 7,94%. Con véi dung dich
H2S04 10% la 4,58%, ndng do 5% giam thap nhat 1a 2,99% so véi mau khéng tiép xtc
véi dung dich.

4.4.2 Anh hwéng cia 5% silicafume két hop véi Tro bay dén sw thay doi
khéi lweng sau thoi gian ngdm hoa chat

Bang 4.8: Két qua sy thay doi khéi lwong cia mau ding 5% phu gia silicafume

két hop Tro bay sau thoi gian ngdm hoa chat

Ky hiéu ?L'j'r']fiz g;; 30ngdy | 60ngay | 90 ngay

Dung dich HCL 5%

CP1 0% 0% 6.49 8.10 8.89

CP2 5% 0% 6.02 7.35 8.54

CP4 5% 10% 5.03 6.58 7.13

CP6 5% 20% 4.92 6.80 7.53
Dung dich HCL 10%

CP1 0% 0% 8.41 11.17 12.81

CP2 5% 0% 7.65 10.78 12.12

CP4 5% 10% 7.53 9.96 11.46

CP6 5% 20% 7.28 9.61 11.22
Dung dich H2S04 5%

CP1 0% 0% 2.13 3.12 3.57

CP2 5% 0% 1.88 2.90 3.12

CP4 5% 10% 1.47 2.08 2.68

CP6 5% 20% 1.47 2.20 2.71
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s Silica | Tro . R .
Ky hiéu fume bay 30 ngay 60 ngay 90 ngay
Dung dich H2SO4 10%
CP1 0% 0% 4.04 4.50 5.22
CP2 5% 0% 3.80 3.99 4.74
CP4 5% 10% 3.06 3.31 3.55
CP6 5% 20% 2.93 3.75 3.92
—&— HCL 5% HCL 10% H2S04 5% H2S04 10%
9
8
g7
26 \
o5 ¢ <
g 4
23
22
= 1
0
CP1 CcpP2 Cp4 CP6
DOI CHUNG 5% SF 5% SF 5% SF
10% FA 20% FA

Cap phoi bé tong

(): Su thay d6i khdi lugng cuia mau sau 30 ngay ngam
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Cap phéi bé tong

(b): Sy thay doi khéi lwong caa mau sau 60 ngay ngam
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Céap phdi bé téng
(c): Su thay d6i khdi lwvgng cua mau sau 90 ngay ngam
Hinh 4.9: Su thay d6i khdi lugng ciia mau dung 5% phu gia silicafume két hop

Tro bay sau thoi gian ngdm héa chit

Két qua thi nghiém duoc biéu dién & Hinh 4.9 1a cac mau dung 5% silicafume két

hop véi tro bay voi ham lwgng khac nhau. CAc mau c6 xu huéng giam sy dn mon cua
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axit, nhung khi ting ham luong tro bay 1én 20% thi mau bi in mon nhiéu hon. Khi ting
ham luong tro bay 1én thi cuong do bé tdng giam xubng ddng thoi 1am cho bé tong dé
bi ph& huy bai axit hon.

Sau thoi gia 90 ngay ngam thi cdp phdi CP4 it bi an mon hon so vé6i cac cap phdi
con lai. Trong dung dich H2SO4 5% mau bi giam khéi luong 2,68%, véi nong do 10%
thi khéi luong giam di 3,92%. Ddi voi dung dich HCI 5% khéi luong mau bé téng
giam dén 7,53%, chiu anh huong ning nhat 1a HCl 10% khéi lwong mau da giam
11,22% khi chua ngam axit.

4.3.3 Anh hwéng cia 10% Silicafume két hop véi Tro bay dén su thay doi
khdi lwong sau thoi gian ngdm hoé chat

Bang 4.9: Két qua sy thay doi khéi luong ciia mau ding 10% phu gia silicafume

két hop tro bay sau thoi gian ngadm hoa chat

h}i%:J ?:,Irlgz I;; 30 ngay 60 ngay 90 ngay
Dung dich HCL 5%

CP1 0% 0% 6.49 8.10 8.89

CP3 | 10% 0% 5.54 7.37 7.94

CP5 | 10% 10% 4.69 5.81 6.80

CP7 | 10% 20% 5.58 7.16 7.65
Dung dich HCL 10%

CP1 0% 0% 8.41 11.17 12.81

CP3 | 10% 0% 7.53 10.49 11.84

CP5 | 10% 10% 6.87 8.95 10.65

CP7 | 10% 20% 7.48 10.01 11.05
Dung dich H2SO4 5%

CP1 0% 0% 2.13 3.12 3.57

CP3 | 10% 0% 1.76 2.51 2.99

CP5 | 10% 10% 1.28 2.08 2.41
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Ky | Silica | Tro . . .
hieu | fume bay 30 ngay 60 ngay 90 ngay
CP7 | 10% 20% 1.63 2.37 3.06
Dung dich H2SO4 10%
CP1 0% 0% 4.04 4.50 5.22
CP3 | 10% 0% 3.22 3.73 4.58
CP5 | 10% 10% 2.63 3.49 3.74
CP7 | 10% 20% 3.49 3.77 4.44
=—HCL 5% HCL 10% H2504 5% H2S04 10%
9
8
g7
E ° ‘\\‘/‘
g 5
54
o)
=3
O
<2
1
0
CP1 CP3 CP5 CP7
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Cap phoi bé tong

(): Su thay d6i khdi lugng ciia mau sau 30 ngay ngam
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Cap phoi bé tdng

(b): Sy thay doi khéi lwong caa mau sau 60 ngay ngam
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Cép phdi bé téng
(c): Su thay d6i khdi lwvgng cua mau sau 90 ngay ngam

Hinh 4.10: Su thay d6i khdi lugng cua mau dung 10% phu gia silicafume két
hop Tro bay sau thoi gian ngam hoa chat
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Két qua thi nghiém duoc biéu dién trén Hinh 4.10 cho thay sau thoi gian ngam
hoa chat cac mau déu bi dn mon giam khéi lwong va c6 xu hudéng twong tw nhu cac

mau bé tdng st dung cap phdi 5% silicafume.

Céc dung dich hoé chat dung dé ngam bé tdng sau thoi gian 90 ngay ngam thi cap
phdi CP5 it bi an mon hon so véi cac cip phdi con lai. Trong dung dich H2SO4 5%
mau bi giam khéi luong 2,41%, vai ndng do 10% thi khdi lwong giam di 3,74%. Doi
véi dung dich HCI 5% khéi lwgng mau bé tong giam dén 6,8%, chiu anh huéng ning

nhat 1a HCI 10% khéi luong mau da giam 11,05% so véi lic chura ngdm axit.

Két qua nay cling twong tu véi cac nghién ciu cia cia E. Hewayde 13 va S.
Turkel [ thanh phan khoang hat min cai thién dang ké cudng do nén, giam do xdp,
ngin hoa chat xam nhap vao bé téng va cai thién kha niang chdng an mon trong cac moi

truong axit nong do cao.

Khi két hop thém céc loai phu gia khoang hat min vao bé téng thi ty I bj an mon
cling giam dang ké so véi bé tong truyén thong. Trong nghién ctu nay cap phdi CP5
Véi ty 16 10% tro bay va 10% silicafume thay thé xi mang van la cap phdi téi wu vé kha
nang chiu cudng do nén va kha ning chong dn mon cua bé téng trong moi truong axit,
phu hgp véi cac nghién ciru trude day.

Do kich thudc céc hat tro bay, silicafume rat nho sé lap day cac 16 rong trong bé
tong, hat silicafume c6 do hoat tinh cao, hat khoang nay phan ung hod hoc tao ra C-S-
H t6t hon tro bay. Vi vay khi thém silicafume va tro bay vao hdn hop bé tong thi ty Ié
mat khdi lugng giam xudng, tuy nhién khi ting ham luong tro bay 1&én 20% thi ty I¢
méat khéi luong lai ting dang ké so vai cac mau ding tro bay thap hon.

Silicafume va tro bay c6 kha ning cai thién dang ké cuong do chiu nén va giam
d6 xdp cua bé téng tuy nhién nd khdng thé khang lai su tin cong cua axit c6 nong do

Ccao.
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CHUONG 5: KET LUAN VA HUONG PHAT TRIEN
CUA PE TAI

5.1 Két luan

Dé tai st dung ngudn nguyén liéu phé pham tir cac nganh cong nghiép nhu tro

bay va phu gia khoang hat min silicafume dé thay thé mot phan xi mang nham tao ra

loai bé tong cd kha nang khang lai su an mon cling nhu dam bao dugc cuong do chiu

lyc khi tiép xuc truc tiép va lau dai trong madi truong axit manh nhu HCI va HSO4

Muc tiéu cta dé tai 1a xac dinh do an mon cua bé tdng két hop voéi tro bay va

silicafume véi nhiéu cap phdi khac nhau trong cac mdi trudng an mon véi nong do

khac nhau. Tir 6 dua ra cap phdi téi uu nhat dé bé tong hoat dong tét trong mai truong

axit manh. Tur két qua thi nghiém rut ra duoc nhirng két luan sau:

Kha nang chéng dn mon trong méi truong axit ciing thé hién rd rét khi thay
doi cac thanh phan nguyén vat liu trong cap phdi. Béi vai cap phdi dung phu
gia silicafume thi cudng do c6 xu hudng dugc bao toan va phat trién tot khi
cap phdi tao ra c6 tinh cong tac tot trong qua trinh dic mau vi c6 do dic chic

cao, han ché dugc sy xam nhap cua cac ion gay dn mon tir moi trudng.

Cuong d6 chiu nén sau 90 ngay ngadm trong cac dung dich an mon cua bé téng
cap phoi CP5 (két hop 10% tro bay va 10% silicafume) giam nhiéu nhat trong
dung dich HCI néng d6 10% la 32%; HCI 5% la 15,7%; H2SO4 10% la 12,3%;
va it nhat 12 H2S04 5% véi ty 1é giam 9,3% so véi khdi lugng ban dau.

Silicafume cai thién dang ké cuong do nén, giam do xop cua bé téng va cai
thién kha niang chéng an mon trong cic méi trudng axit nhung khi két hop véi
tro bay dén 20% thi kha nang chiu nén va khang lai sy dn mon ciing giam

xuéng twong duong véi cip phdi chi dung phu gia silicafume.
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5.2 Hwéng phat trién va déng gop cia dé tai

Két qua thi nghiém cho thiy sy phat trién vé cuong do chiu nén ciing nhu thay
d6i khéi luong cua ting cip phdi trong méi trudng dn mon axit manh. Tir d6 co thé
nghién ciru chuyén sau hon vé nhiing kha ning chdng chiu trude nhiéu yéu té tac dong
khac tir méi truong, dé tai cé thé tiép tuc phat trién thém vé mang mé phong dn mon,
c6 thé str dung thém céc chat hoa hoc gdy an mon khac nhau.

C6 thé gia ting ham luong silicafume va céc loai nguyén vt liéu khac nhu
metakaolanh, da bazan... dé tiép tuc nghién ctru kha ning chiu cuong do nén va kha
nang chong an mon cua bé tong trong mdi truong axit.

An mon hoa hoc xay ra chu yéu do axit tic dung véi cac san pham hydrat hoa xi
mang, trong khi c¢dt liéu thi kho bi an mon. C6 thé nghién ctru ting cuong céc loai phu
gia 1am giam qua trinh hydrat hoa xi mang, chéng thim cho bé tdng han ché xam
thuc... dé cai thién viéc an mon bé tong dugc tét hon.

Ciing can chl y thém vé kha ning lam viéc va lién két voi cac cau kién khéac

trudc, trong va sau qua trinh dn mon cua san pham dé cé cai nhin truc quan hon.
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PHU LUC SO LIEU THI NGHIEM

Bang 1: S liéu cac mau ngam trong dung dich axit HCL 5%

Khéi lwgng Khoi lu’?' ng Luc nén Cuwong do Khdi lwong G1a£1

Miu trung binh | 224 N94M | 4ing binh chiu nén giam khoi

(@) trung binh (kN) (Mpa) ) lwgng

(9) (%)
CP1 4354.833 4167.833 77.736 11.48 387.000 8.89
CP2 4330.167 4060.167 82.327 12.16 370.000 8.54
CP3 4402.500 4122.833 85.167 12.58 349.667 7.94
90 ngay CP4 4392.000 4079.000 92.555 13.67 313.000 7.13
CP5 4487.667 4312.500 98.563 14.56 305.167 6.80
CP6 4342.000 4002.021 80.143 11.84 339.980 7.83
CP7 4334.833 4023.333 83.921 12.39 331.500 7.65
CP1 4365.000 4231.500 83.124 12.28 353.500 8.10
CP2 4498.600 4328.167 94.591 13.97 330.433 7.35
CP3 4325.833 4056.833 96.075 14.19 319.000 7.37
60 ngay CP4 4520.833 4193.167 99.179 14.65 297.667 6.58
CP5 4575.833 4229.833 105.331 15.56 266.000 5.81
CP6 4544.167 4135.167 92.148 13.61 309.000 6.80
CP7 4422.167 4015.500 97.586 14.41 316.667 7.16
CP1 4555.833 4340.333 92.240 13.62 295.500 6.49
CP2 4555.667 4321.500 102.071 15.08 274.167 6.02
CP3 4563.000 4230.000 104.040 15.37 253.000 5.54
30 ngay CP4 4528.167 4170.333 104.935 15.50 227.833 5.03
CP5 4510.000 4098.500 109.757 16.21 211.500 4.69
CP6 4517.900 4085.667 98.773 14.59 222.233 4.92
CP7 4319.333 3948.333 103.353 15.26 241.000 5.58
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Bang 2: So liéu cac mau ngam trong dung dich axit HCL 10%

Khoéi lwong Khoi lu’?’n g Luc nén Cwong do Khdi lwong Glagl

Miu trung binh | 224 N9aM 4 ing binh chiu nén giam kho

@ | "nePh e (Mpa) @ | e

(9) (%)
CP1 4394.333 3931.500 60.394 8.92 562.833 12.81
CP2 4452.167 3912.500 65.210 9.63 539.667 12.12
CP3 4380.500 3951.833 71.743 10.60 518.667 11.84
90 ngay CP4 4307.667 3914.000 76.201 11.25 493.667 | 11.46
CP5 4304.833 3996.167 79.459 11.74 458.667 10.65
CP6 4307.667 3824.167 66.577 9.83 483.500 11.22
CP7 4297.500 3722.833 72.928 10.77 474.667 11.05
CP1 4495.000 4283.000 65.867 9.73 502.000 11.17
CP2 4511.000 4224.833 69.990 10.34 486.167 10.78
CP3 4391.833 3961.333 82.496 12.18 460.500 10.49
60 ngay CP4 4429.167 3938.167 87.943 12.99 441.000 9.96
CP5 4478.667 3977.833 90.464 13.36 400.833 8.95
CP6 4559.667 4021.333 83.415 12.32 438.333 9.61
CP7 4267.833 3680.833 80.884 11.95 427.000 10.01
CP1 4625.667 4136.667 78.744 11.63 389.000 8.41
CP2 4694.833 4175.833 85.872 12.68 359.000 7.65
CP3 4412.833 3730.333 87.406 12.91 332.500 7.53
30 ngay CP4 4369.000 3690.000 87.166 12.87 329.000 7.53
CP5 4374.000 3583.500 97.935 14.46 300.500 6.87
CP6 4498.500 3711.000 84.104 12.42 327.500 7.28
CP7 4538.667 3839.333 88.860 13.12 339.333 7.48
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Bang 3: S liéu cac mau ngam trong dung dich axit H.SO4 5%

Khéi lwgng Khoi lu’?' ng Luc nén Cuwong do Khdi lwong G1a£1

Miu trung binh saungam -y ,ng binh chiu nén giam khot

(@) trung binh (kN) (Mpa) ) lwgng

(9) (%)
CP1 4274.500 4102.000 86.947 12.84 152.500 3.57
CP2 4385.000 4158.000 90.244 13.33 137.000 3.12
CP3 4353.167 4083.167 102.366 15.12 130.000 2.99
90 ngay CP4 4374.500 4037.333 103.025 15.22 117.167 2.68
CP5 4266.000 3993.000 106.012 15.66 103.000 2.41
CP6 4490.833 4169.167 88.261 13.04 121.667 2.71
CP7 4402.500 3987.833 97.262 14.37 134.667 3.06
CP1 4439.833 4281.333 93.491 13.81 138.500 3.12
CP2 4248.333 4185.333 100.888 14.90 123.000 2.90
CP3 4406.833 4346.167 103.678 15.31 110.667 2.51
60 ngay CP4 4483.333 4433.833 105.612 15.60 95.500 2.13
CP5 4208.333 4161.000 106.596 15.74 87.333 2.08
CP6 4329.500 4294.333 101.211 14.95 95.167 2.20
CP7 4237.667 4207.333 103.822 15.33 100.333 2.37
CP1 4439.667 4345.000 97.707 14.43 94.667 2.13
CP2 4464.500 4380.500 104.080 15.37 84.000 1.88
CP3 4325.500 4239.333 105.050 15.52 76.167 1.76
30 ngay CP4 4426.333 4361.333 107.368 15.86 65.000 1.47
CP5 4534.000 4456.167 115.260 17.02 57.833 1.28
CP6 4356.667 4292.667 103.619 15.30 64.000 1.47
CP7 4301.667 4251.667 105.091 15.52 70.000 1.63
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Bang 4: So liéu cac mau ngam trong dung dich axit H2SO4 10%

Khoéi lwong Khoi lu’?’n g Luc nén Cwong do Khdi lwong Glagl

Miu trung binh | 224 N9aM 4 ng binh chiu nén giam kho

@ | e ) (Mpa) @ | e

(9) (%)
CP1 4335.833 4109.333 75.423 11.14 226.500 5.22
CP2 4399.167 4230.500 86.601 12.79 208.667 4.74
CP3 4356.500 4276.833 96.873 14.31 199.667 4.58
90 ngay CP4 4320.833 4167.444 101.772 15.03 153.390 3.55
CP5 4224.167 4156.000 102.482 15.14 158.167 3.74
CP6 4438.167 4294.333 88.252 13.03 173.833 3.92
CP7 4233.667 4195.667 95.510 14.11 188.000 4.44
CP1 4386.333 4249.000 79.558 11.75 197.333 4.50
CP2 4398.000 4272.500 81.587 12.05 175.500 3.99
CP3 4380.167 4236.667 86.848 12.83 163.500 3.73
60 ngay CP4 4446.000 4298.833 90.795 13.41 147.167 3.31
CP5 4393.000 4229.500 105.133 15.53 153.500 3.49
CP6 4271.167 4101.167 84.227 12.44 160.000 3.75
CP7 4501.500 4352.000 93.776 13.85 169.500 3.77
CP1 4339.833 4204.333 88.968 13.14 175.500 4.04
CP2 4324.167 4159.833 93.653 13.83 164.333 3.80
CP3 4496.833 4272.167 101.280 14.96 144.667 3.22
30 ngay CP4 4421.000 4155.500 102.847 15.19 135.500 3.06
CP5 4378.000 4162.833 110.759 16.36 115.167 2.63
CP6 4466.667 4235.667 08.136 14.49 131.000 2.93
CP7 4337.000 4165.833 101.439 14.98 151.167 3.49
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Bang 5: So liéu cac mau khéng ngam dung dich axit

) Khéi lwgng Luc nén Cwong do
Mau trung binh | trung binh chiu nén
(@) (KN) (Mpa)

CP1 4437.833 98.281 14.52
CP2 4567.333 105.218 15.54
A CP3 4225.667 109.295 16.14
ﬁgi?ﬁ CP4 4502.167 112.391 16.60
CP5 4406.833 116.854 17.26
CP6 4465.500 105.031 15.51
CP7 4359.167 107.880 15.93
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PHU LUC HINH NEN MAU THI NGHIEM

(a): Sau 30 ngay (b): Sau 60 ngay (c): Sau 90 ngay

Hinh 1: Mau CP5 ngam trong dung dich axit H2SO4
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(a): Sau 30 ngay

(b): Sau 60 ngay

Hinh 2: Mau CP5 ngam trong dung dich axit HCI

(c): Sau 90 ngay
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