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Nghién cuu anh hudng caa Graphene Oxide
dén tinh chat cua bé tong siéu tinh nang UHPC

Researching the effect of Graphene Oxide on the properties of Ultra-high Performance

Concrete
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TGM TAT

Be tong siéu tinh nang duoc ché tao tir han hop thanh phén st
dung ham lugng xi mang cao (700 850 kg/m®). vi vay UHPC cd
d co ngat rét lan, khi da viec ché tao san pham kich thuac |an sé
dé xudt hign cac vét ran. nit bé mat. Mac do, khuyét diém nay da
duoc khac phuc phan nao bang cét sgi phan tan, nhung diéu cdt |6
vén |3 giam t6i da ham lugng xi mang st dung. Ngoai phuong én
thay the mat phan xi méng béng xi o cao nghién min hodc tro bay,
con cd thé ket hop st dung thém nano Graphene Oxide (GO), phén
tan rét tdt va anh hudng tich cuc tai tinh chat co hoc coa vat ligu
gt xi mang (UHPC nén).

Tir khod: Be tang siéu tinh nang (UHPC); Graphene Oxide (GO0); da
chay xde; cuing dd chiu nén; cuang do chiu kéo tryc tigp; bao
duiing nhigt &m.

ABSTRACT

Ultra-high Performance Concrete is made from a mixture of
components using a very large cement content (700 1100
kg/m3). so UHPC has a very large shrinkage, then the production
of products Large size will easily appear rift surface. Although,
this shortcoming has been partially overcome by dispersed fiber
reinforcement, but the core thing is still to minimize the amount
of cement used. In addition to replacing part of cement with finely
ground blast furnace slag, Graphene Oxide (G0) can also be used
because it is nano-sized, very well dispersed and directly affects
the mechanical properties. chemistry of cementitious materials
(LHPE).

Keywords: Ultra-high performance concrete; Graphene Oxide;
flows; compressive strength; tensile strength; curing.
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I. TONG QUAN
Bé téng siéu tinh nang la vat liéu buéc dau dang dugc tng
dung trong xay dung ha tang tai Viéet Nam v&i nhiéu uu diém vé
céc tinh chat co hoc va tudi tho sir dung khi so sénh véi bé téng
c6t thép thong thudng, bé téng cét sgi (FRC) hay ngay ca vdi thép
két cau. Tuy nhién, UHPC lai dugc ché tao ti hdn hgp thanh phan
st dung ham luong xi mang rat 1én (700+-850 kg/m?3) [1] nén ¢ dé
co ngét 16n. Khi ché tao san pham kich thudc 16n sé c6 nguy co
xudt hién cac vét ran nho bé mat, du rang cac vét nut 16n da dugc
han ché t6i da nho cot sgi thép phan tan.
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Hinh 1. Anh hién vi mau hé xi mang c6 chia Graphene Oxide
Mot s6 nghién clu tién phong trén thé gii da dugc cong bo,
chiing minh nhiing uu diém day hira hen ctia Graphene Oxide (GO)
trong vifa xi mdng va bé téng cac loai [5], [6], [7], [8], [9], [10] vé&i
cac loai c6 dudng kinh va d6 min khac nhau, tuy thuéc vao nguyén
liéu thé va phuong phap xt ly tao ra Graphene. Hién tai, trén thi
trudng Graphene Oxide dugc cung cap & hai dang la dung dich va
boét. Tuy nhién, & dang bot dugc uu tién st dung vi c6 ham lugng
chat ran (40+-60%) cao hon rat nhiéu dang dung dich, méac du dang
dung dich (10+20%) sé giup GO phan tan tét hon.

Hinh 2. Graphene Oxide & hai dang la dung dich va bot

Graphene Oxit (GO) lamot vat liéu nano hai chiéu, & dang
nguyén ti graphene dugc hinh thanh do qua trinh oxy héa than
chi, rat dé phan tan trong nudc hay cac dung méi khac, gia thanh
tuong déi ré va san c6. Graphene Oxide c6 thé gidam dugc khoang
10+20% xi mang trong thanh phan bé tong ma khéng lam giam
cuong do. Ngoai ra, khi st dung Tkg xi mdng sé tao ra khoang
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1,44kg khi thai CO;, trong khi d6 véi khéi lugng tuong tng, néu st
dung Graphene chi phat thai la 0,8kg CO: [9].
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Hinh 3. Minh hoa anh hugng clia Graphene Oxide trong hd xi méng

B e

Vi Graphene Oxide c6 kich thudc nano, xu hudng tao két tu ma
tran anh hudng truc ti€p téi tinh chat co hoc cda vat liéu goc xi
mang (UHPC), nén yéu cau vé su phan tan dong déu trong hén
hgp UHPC sé dugc dat 1én hang dau. Bai bao trinh bay cac két qua
thir nghiém lién quan téi van dé “Anh huéng ctia ham luong st
dung Graphene Oxide dén cac tinh chat cla bé tong siéu tinh
nang”.

1. CO SO NGHIEN CUU

1. Tai liéu, tiéu chuan ap dung

Cac vat liéu cau thanh nén UHPC st dung trong nghién ctu
nay dap Ung cac tiéu chudn ky thuat nhu sau:

- TCVN 6282:2009, Xi mang Podc lang - yéu cau ky thuat.

- TCVN 8826:2011, Phu gia hod hoc cho bé téng va vira.

- TCVN 9036:2011, Nguyén liéu dé san xuat thuy tinh - cat - yéu
cau ky thuat.

- TCVN 11586:2016, Xi hat 16 cao nghién min dung cho bé tong
va viia.

- TCVN 12392:2018, Sgi cho bé téng c6t sai.

- TCVN 13735:2023, Bé téng - két ciu bé téng siéu tinh nang
(UHPC) - yéu cau ky thuat va phuong phap thi.

Cac mau thi nghiém déanh gia tinh chat co ly cia UHPC ¢6 kich
thudc nhu sau [1]:

- Cudng d6 chiu nén: mau try d10xh20 cm;

- Cudng d6 chiu kéo: mau 5x10x50 cm;

Hinh 4. Khudn dtc va kich thugc mau trong thir nghiém tinh chat co Iy ctia UHPC
2, Vat liéu va cap phéi thanh phan

Vat liéu thanh phan dugc lua chon sit dung dé tht nghiém cap
ph6i UHPC gém: xi mang PC40, cat thach anh, cac loai phu gia
khoang hoat tinh, phu gia siéu déo, Graphene Oxide va sgi thép
cudng do cao.

Bdng 1. Cdc logi vit liéu thanh phdn dung trong nghién ciu

Ndi dung Chi tiét
Chat két dinh - Xi méang PC40
. . - Silica fume
Phu gia khoang "GGBS
Nhom cét liéu - Cat thach anh
- Sgi thép
Vit liéu danh gid - Graphene Odixe
Phu gia héa hoc - Phu gia siéu déo
Nudc - Nudéc sach

Hinh 5. !\./l'élu.G'raphene Oxide dung trohé n-ghién cliu nay

Bdng 2. Cdc chitiéu cda xi mdng PC40

Néi dung Don vi Gia tri
Khéi lugng riéng g/cm® 3,10
Do déo tiéu chuan % 28,6
D6 6n dinh thé tich mm 1,0
s 3 ngay 6,5
D6 bén udn 28 ngay MPa 97
LA 3 ngay 30,3
Do bén nén 28 ngay MPa 486
Bdng 3. Chdt lugng mau Silica fume
NGi dung Pon vi Gia tri
Khéi lugng riéng g/cm® 2,22
Khéi lugng thé tich x8p kg/m’ 310
D6 am % 1,0
Ham lugng MKN % 0,6
Ham lugng SiO; % 91,6
Bdng 4. Chdt lugng méau GGBS
NGi dung Pon vi Gia tri
Khéi lugng riéng g/cm® 2,86
D6 3m % 0,9
Ham lugng mat khi nung % 3,7

Bdng 5. Chdt luong cdt thach anh

Noi dung Pon vi Gia tri
Khéi lugng riéng g/cm® 2,64
Ham lugng tap chat % 0
D6 §m % 03
M6 dun d6 I6n - 1,5
Ham lugng SiO> % 98,41
Ham lugng ion CI” % < 0,001
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Bdng 6: Chdt lugng sgi thép

3. THU NGHIEM TiNH CHAT CUA CAC MAU HON HOP UHPC

Nbi dung Ponvi | Giatri VA UHPC )
Kh&i luong riéng g/cm® 7,85 Cac thdr nghiém lién quan dén tinh céng tac cta hén hop
Ti 1& hudng soi B 65 UHPC cling nhu tinh chat ca ly ctia UHPC da déng ran dusi day
Ham I.Udng tap chat % 0 dugc thuc hién tai diéu kién phong thi nghiém trén may trén ting
Ti 12 soi sai kich thudc hinh hoc % 05 cudng truc nghiéng, sau khi tron déng nhat bot kho, sé tron phu
: Cudng d6 chiukéo MPa 3200 gia siéu déo cung véi phu gia Graphene, tdng thai gian tron hon
Bdng 7. Chdt lugng Graphene Oxide hqpa?%%ocnh%;'t%tnliéz phut:
NQ'A du'ng Ponvi | Gia tri Béné 10. Két qud kiém tra dé chdy xoé
DO min pm <8 - - -
Khéi lugng riéng g/cm’ 19 STT Ki hiéu Két qua Ki hiéu Két qua
Dién tich bé mit m*/g | =600 1 GO1-0 22,7 G020 | 204
Ham lugng chat rdn % 40
Kha ndng phan tan mg/ml <0,1 2 GO1-1 22,6 GO2-1 19,8
Bdng 8. Chdt lugng phu gia siéu déo 3 GO1-2 221 GO2-2 19,2
Noi dung Pon vi Gia tri
Do pH - 6,33 4 GO1-3 21,3 GO2-3 17,6
Khéi lugng riéng kg/I 1,06
Ham lugng chat kho % 37,8
Ham lugng tro % 1,66
Ham lugng ion CI” % 0,03
Bdng 9. Ki hiéu ctia cdc mdu thi nghiém trong nghién ciu
STT Ki hiéu mau | Chii thich
[ GO1 - Vira nén (khdng c6 st dung sgi thép)
1 GO1-0 Khéng st dung Graphene Oxide
2 GO1-1 Su dung 0,5% Graphene Oxide
3 GO1-2 St dung 1,0% Graphene Oxide - Sau khi duc va lam phdng mat, mau dugc béo dudng am tu
4 GO1-3 St dung 2,0% Graphene Oxide nhién trong thai gian 24 gio. i
I GO1 - UHPC(str dung 2% soi thép) - Sau do, cac mau tiép tuc dugc bado dudng nhiét am tai 80°C
1 G02-0 Khéng st dung Graphene Oxide trong ti)c‘si gian 72 gio. ) i )
5 GO2-1 St dung 0,5% Graphene Oxide - Két thuc bao duéng nhiét am, cac mau dugc gitt am ty nhién
3 G022 S dL:Jng 1,0% Graphene Oxide taj diéu kién phong thi nghiém dén dd 7 ngay tudi.
4 GO2-3 SU dung 2,0% Graphene Oxide

Ham lugng Graphene Oxide tinh theo khi lugng chat két dinh

Hinh 6. Cac loai vat liéu khac (silica fume, xi 10 cao nghién min, cat thach anh va phu
gia déo)
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Hinh 7. Kiém tra cuting d6 nén va kéo UHPC
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b) Cudng d6 chju nén Bdng 14. Cudng do chiu kéo cla cdc mdu sau bdo dudng nhiét
Bdng 11. Cudng do chju nén cta cdc mdau sau bdo duéng nhiét am (R28 - MPa)
i Mli(al')hiéu Trung STT K:nhélﬁu Vién1 Vlze" V':“ Tl::lnnhg C:z:h
STT x " Vién 1 Vién2 | Vién3 . :
mau binh 1 GO1-0 4,84 4,09 4,71 4,55 0%
1 GO1-0 124,1 128,2 123,8 125,4 2 GO1-1 4,21 4,35 4,67 4,41 -3,1%
2 GO1-1 1293 125,7 130,3 128,4 3 GO1-2 4,92 4,44 4,65 4,67 2,6%
3 GO1-2 135,2 130,0 1304 131,9 4 GO1-3 4,58 4,54 4,98 4,70 3,3%
4 GO1-3 136,5 1379 137,3 137,2 5 GO02-0 10,72 11,28 | 11,13 | 11,04 0%
5 GO2-0 151,1 147,5 150,8 149,8 6 GO2-1 11,69 10,32 | 11,06 | 11,02 0,2%
6 GO2-1 152,6 155,3 155,5 154,5 7 GO2-2 10,84 11,25 | 11,44 | 11,18 1,3%
7 GO2-2 159,2 160,1 158,4 159,2 8 GO2-3 11,12 11,39 | 11,27 | 11,26 | 2,0%
8 GO2-3 161,7 158,9 158,8 159,8
Bdng 12. Cudng do chiu nén ctia cdc méu sau bdo dudng nhiét . 127 =
dm (R28 - MPa) S 114
str | KReU ] yiens Vien2 | vien3 | TTun9 £
mau binh E
1 GO1-0 1274 125,6 125,1 126,0 ;'é :
2 GO1-1 130,3 129,9 128,5 129,6 o 6.
3 GO1-2 131,8 131,3 134,4 132,5 E 5 |
4 GO1-3 136,5 135,8 133,9 135,4 44
5 GO2-0 150,4 153,2 154,7 152,8 3
6 GO2-1 155,5 155,6 152,9 154,7 2
7 GO2-2 159,0 157,5 157,3 157,9 11
8 _ _2(32-3 160,7 157,1 | 1594 | 159,1 e e ey BO1A COAS BOiT aBdt Bons. ones
'_‘_ 16;:' ] Hinh 9. Anh huéng clia ham Iuong Graphene Oxide dén cuong do chiu nén clia via
§ e nén (khong str dung sgi thép) va UHPC (st dung 2% si thép)
& 150 - . ~
% aE IIl. KET LUAN
z e e Graphene Oxide phu hgp lam phu gia lap day dung cho ché
o - tao UHPC. ,
- e Graphene Oxide lam tang cudng cac tinh chat co hoc cla
‘;” 1 UHPC, nhét 14 cudng dd chiu nén (5-8%). Cudng dd chiu kéo chi
5 | . X
w1 ] tang it, khodng 3%

e Khodng ham lugng lugng Graphene Oxide khuyén nghi su

n R GO0 GO GOM-2 GO1-3 GO0 G024 GO G023 N
dung la 0,5+1%.

Hinh 8. Anh huéng cia ham lugng Graphene Oxide dén cuting d6 chiu nén cda via

nén (khong st dung soi thép) va UHPC (st dung 2% soi thép) TAI LIEU THAM KHAO
Bang 13. Téng hop cudng dé chjiu nén cia cdc mdu sau bdo [11. TCN 13735:2023, B& tong - két cdu bé tong siéu tinh nang (UHPC) - yéu ciu kj
dudng nhiét am (MPa) thudt va phucng phap th.
STT Noi GO1-0 Go1-1 | Go1-2 | Go1-3 [2]. FHWA-HRT-06-103,Material Property Characterization of Ultra-High Performance
dung Concrete.
1 R7 125,4 1284 131,9 128,6 [3]. FHWA-HRT-18-036, Propert‘ies and Behavior of UHPC-Class Material.
[4]. FHWA-HRT-11-038, Ultra-High Performance Concrete.
2 R28 126,0 129,6 132,5 1354 [5]. ACF 04:2020, Materials UHPC - Technicals Specification.
Trung [6].Construction and Building Materials, Investigation of the effects of graphene and
3 binh 125,7 129,0 132,2 132,0 graphene oxide nanoplatelets on the micro and macro-properties of cementitious
Chénh materials, 2016.
4 R 0% +2,6% | +5,2% | +7,7% [7]. Construction and Building Materials,Incorporation of graphene oxide and silica
léch ! L .
T' = fume into cement paste: A study of dispersion and compressive strength, 2016.
STT uR0| GO02-0 GO02-1 | GO2-2 | GO2-3 [8]. Construction and Building Materials, Dispersion and stability of graphene
mau nanoplatelet in water and its influence on cement composites,2018.
1 R7 149,8 154,5 159,2 1598 [9]. Applied Sciences, Graphene nanoplatelets-based advanced materials and recent
2 R28 152,8 1547 | 1579 | 1591 progress in sustainable applications, 2018.
3 Tryng 151,3 154,6 158,6 159,5 [.19]. NanomaFeriaIs, Effect of Graphene Oxide on Mechanical Properties and
binh Durability of Ultra-High-Performance Concrete Prepared from Recycled Sand, 2020.
4 Cflenh 0% +2,2% | +4,8% | +5,4% . [l Mater}als, MOC Doped with Graphene Nanoplatelets, The Influence of the
léch Mixture Preparation Technology on Its Properties, 2021.
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