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Nghien cuiJ sir dung phy gia nano organosilane 
va nano polymer ket hop xi mang gia co flat 
sir dyng cho cong trinh giao thong 

I TS. NGO QUOC TRINH; TS. NGO TH! THANH HUONG 
Trddng Dgi hgc Cong nghi Giao thong van tai 

TOM TAT: Bai bao trinh bay ketqui nghien cdu thuc 
nghiem trong phong khS nSng gia co dat sd dung 
XI mang ket hqp vdi phu gia nano-organosilane va 
nano copolymer Nghien cdu vdi hai loai dat (dat 
soi doi va dat a set), sd dgng xi mang PCB30, phu 
gia Terrasil va Zycobond do hang Zydex - An Bq 
sin xuat, Ket qua nghien cuu cho thay, dat sdi doi 
va dat a set gia co 5% xi mang ket hi?p vdi 0,8 
kg/m^ Terrasil, 0,8 kg/m^ Zycobond dap dng dg 
ben c ip II theo TCVN 10379,2014, dat duoc cai 
thien tinh chdng tham, traong nd, mo-dun dan hdi, 
cudng dg chiu nen va cuong do ep chd. 

TL/ KHOA: Dat xay dung, nen dudng 6 to, xi mang, 
phu gia Terrasil, phu gia Zycobond 

ABSTRACT: The paper presents the results of 
expenmental research on soil stabilization using 
cement in combination with nano-organosilane and 
nano-copolymer additives. Research with 2 types 
of soil (hilly and clay soil), using PCB30 cement, 
additives Terrasil and Zycobond, manufactured by 
Zydex. The results of the study showed that 5% 
cement reinforced hilly and subsoil soil combined 
with 0,8 kg/m^ Terrasil, 0,8 kg/m^ Zycobond meet 
grade II durability according to TCVN 10379.2014, 
improved soil: waterproofing, swell, elastic modulus, 
compressive strength and tensile strength. 

KEYWORDS: Soil for construction, embankment, 
cement, Terrasil, Zycobond. 

I .OATVANDi 
D i t sd dyng cho nen dudng d td phai dap dng y iu 

cau ky thuat theo TCVN 9436:2012. De eii thien tinh chat 
eua di't, ed the sd dung mdt sd chat lien ket hdu cO (nhu 
tuong nhua dudng, nhua dudng long...), chit lien ket 
vd ca (vdi, xi mang, chat thuy hda vd co...}, eac hda chat 
(Roadeem, Rovo, RRP 235 Special; Consolid; DB500...). Sd 
dung ket hop cic chi't lien ket, phu gia hda hoc cd the 
ci i thien dat theo hudng dap dng dae tinh l im viee. Nam 
2014, Bd Khoa hgc va Cdng nghe da ban hinh TCVN 
10379:2014 hUdng dan cdng nghe gia ed dat bang chat 

ket dinh vd cd, hda chat hoae gia ed tong hop sd dung 
trong xay dUng dudng bd.Tic dung chinh cda cac phu gia 
hda r in di't tren l i lam tang cudng dp va gi im tinh tham 
cua dat nen. Phy gia hda ran dat khi dUdc trdn deu vao dat 
d i duoc d inh toi va lam nho, se eung cap them ion mang 
dien tieh duong va t i c ddng l im eie dien tich am eCia cae 
hat set trong dat sap xep lai. DUdi tac ddng cda lUc dam 
nen, lien ket dang tdtinh xuat hien lam bien doi tinh chat 
CO ly cua d i t td rdi rae sang the ran va tang dp die chae 
cdng nhu do ehdng tham nudc, loai bd tinh trUOng nd 
cua thanh phan set trong dat. Trong thanh phin cda dat 
hda r in, th inh phan set sau khi t i c dung vdi phu gia se 
trd thanh thanh phan keo dang xi mang pollme vd co, ket 
hpp vdi th inh phan hat Idn trong dat tao thinh mdt khdi 
ran chae. Cap do ben cda dat gia cd dUOc quy djnh theo trj 
sd md-dun dan hdi: Dd ben cap I khi md-dun d in hdi dat 
400MPa; dd ben cap 11 khi md-dun d in hoi dat 350MPa; 
dd ben cap ill khi md-dun dan hdi dat 200MPa. 

Xi mang l i chat lien ket vd co d i duoc nghien cud d^ 
ci i thien cic die tinh cOa dat sddung eho xay dung cong 
trinh vdi mdt h im luong tuong ddi nhd. Kinh nghidm 
nghien cdu tren the gidi cho thay, sd dung xl mang vdi 
h im lupng td 3 den 6% ed the eat thien d ing ke cic dae 
tinh CLia dat [1]. Co ehe gia c6 dat bang xi mang duocthl 
hien qua 4 qua trinh xiy ra khi trdn xi ming vdi d i t cd bo 
sung ngudn am va dam chit: qu i trinh trao doi cation, 
t i i eau true hat di't, phin dng thdy hda eua xi ming va 
cic phin dng pozzolanic. Ve nguyen ly, khi trdn xi mang 
va dat qua trinh thuy hda gidp lien ket eic hat d i t nho 
thinh cic khdi ben nUdc. Ngoii ra, hieu dng ci l thien edn 
xay ra tren be mat cic hat dat, xay ra cac phin dng trao 
doi cation.Tddd, di't gia cd xi mang giam dp d^o, giam do 
rdng the tieh va cd eudng dp cao hon d ing ke so vdi dat 
dam nen khdng cd gia cd xi ming. MUe dd ci i thien chat 
lupng di't, tang eie die tinh chiu luc, phu thude vao ham 
lugng xi mang sd dung. Nghien edu trong phdng v i thUe 
te ap dyng ngoii hien trudng eho thay, d i t gia cd xi mang 
ci l thien dUOc eic die tinh co hoc va ed do dn dinh lau dai 
dudi t i c dung cua cic yeu td mdi trudng v i t i i trpng. Tuy 
nhien, nhUOc diem cua dat gia co xi mang la dp cdng cao, 
de cd nguy cO xui't hien ndt trong qu i trinh khai thie. 

Phu gia Zycobond v i Terrasil do hang Zydex (An 
Do) eung cap. Phy gia Terrasil cd thanh phan 100% td 
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organosilane, dung mdi nude, chat on dinh chong iao 
hda tia UV, hda chat kich hoat ph in dng vdi dat tao cho 
dat kha n ing each nUdc khi sd dung. Cic thanh phan 
trong phu gia Terrasil phan dng vdi cic nhdm silane Ua 
nudc trong cac hat dat, set, phiJ sa, ehuyen ddi ehung 
thanh cie lien ket alkyl siloxane ki nUdc, cich nUde. Co 
che tuong t i c cua phu gia Terrasil dupe trinh bay trong 
Hinh 7.7. Trong khi dd, phu gia Zycobond la chat huyen 
phu bao gdm dung mdi v i cic acrylic copolymer d kfeh 
thudc nano. Khi phoi trdn ket hop Zycobond vdi Terrasil 
tang cddng sU ket dinh giCfa cac hat dat, eai thien kh i 
n ing chiu lUc cua dat gia ed, kiem soit qua trinh trUong 
nd cung nhu bien dang deo. 

Giii phap cdng nghe sd dung dong thdi xi mang, 
Terrasil, Zycobond eii thien chat lupng dat giup eii thien 
kh i nang cich nudc cua dat, bien cic nhdm Ua nUdc 
silane tren be mat hat dat thanh eac nhdm kj nude bang 
Idp mang bao phu kieh thude nano. Ddng thdi, xi mang 
v i Zycobond ket hop gia cUdng lUdng pha: pha cdng (xi 
mang) - pha dan hdi (Zycobond) tao cho dat cd kha nang 
chju lUe, eii thien d ing ke cUdng do, chi sd CBR v i g i im 
md-dun d i n hdi, td dd g i im dp cdng, giam nguy eo xuat 
hien nut tren be mat Idp gia eo. 

-OH groups make surface veiy hydrophilic (water tovlng] 
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fwater rewteni) I 0^ |^o I °"^ [ " | 0 - ^ i ^ ° | jAlkyl 

^ 4 4 . . ^ ^ O l ^ ^ O l ^ .rf-J"*. ^ i " - * . ^-Ol- . -Ol̂  

•^4 °; k " 4 ? b-'o-J 4 ° y 
./cr-J, 

TREATHJIWIH TERRASIL 

Hinh 1.1: Co ehe tuang tic cOa phu gia Terrasil 

2. VAl LIEU VA PHUONG P H A P NGHIEN CtfU 
Sd dyng hai loai dat cho nghidn edu thue nghiem 

trong phdng: Dat sdi ddi (td dd an xay dung dudng cao 
tdc Bac Giang - Lang Son) va dat a set (td du an true Nam 
Ha Tay,TP. Hi Ndi). Cic mau dat dUPe dUa ve phdng thi 
nghiem, thd nghiem eic dae tinh ky thuat phuc vu eho 
xay dung cdng trinh dudng d td. Dat sdi dot ed chi sd CBR 
d mde do dam nen 95% dat 28,3%, dat i set cd chi sd CBR 
d mdc dd dam nen 95% dat 4,2%. 

Xi mang sd dung PCB30 But Son ed cic ehi tieu 
ky thuat d ip dng yeu cau TCVN 6260:2009 va TCVN 
10379:2014, ed cUdng dp ehiu nen dap dng yeu cau 
khdng nhd hon 30MPa. 

Phy gia Zycobond la mdt nhu tuong eopolyme acrylic 
vdt tuoi thp tren 10 n im de lien ket eic hat di't, dUpc sin 
xui't bdi Zydex Industries (An Dp). Zycobond tang kha 
nang chdng nUdc va chdng lai nUde xam nhap eua dat 
dam chit. Cic die tinh cua Zycobond dupe sd dyng trong 
thue nghiem niy dUOc the hien trong Bdng 2.1. Hinh inh 
mau Zycobond sddung dupe the hien trong Hinh2. la. 

Phu gia Terrasil cdng nghe nano dUa tren 100% 
organosilane, tan trong nude, ben cue tim va dn dinh 
nhiet, bien doi dat ph in dng de chong tham cho dat. Phy 
gia Terrasil dUpe sin xua't bdi Zydex Industries (An Dd), d 
dang Idng cd die v i dupe trdn vdl nude theo ty le quy 
djnh trudc khi tron vdi dat. Cae die tinh eua Terrasil dUpc 
sd dung trong thue nghiem nay dupe the hien trong 
Bang 2.2. Hinh anh mau Terrasil sd dung duac the hien 
trong Hmh 2.1b. 

Bing 2.1. Thdng soky thuit eua phu gia 2yeobond 

TT 

1 

2 

3 

4 

5 

6 

Thdng sd' 

Mau sac 

Mui vi 

Diem clidp ciiay 

Nhiet d6 chay 

Do hoa tan trong nUdc 

DopH 

Gia tri 

Trang sCfa 

Khong mui 

>100°C 

> 200°C 

Phan tan tot 

5-:-6 

Bing 2.2. Thong sdky thuit eda phu gia Terrasil 

TT 

1 

2 

3 

4 

5 

Thong s^ 

Mau sac, nhan dang 

Mui vi 

Dd nhdt d 25°C 

Khdi luong the tich 

Dp hda tan trong nUde 

Gia tri 

Chat Idng, v ing nhat 

Khdng mui 

20-lOOcps 

1,01 

Phan tan tdt 

Hinh 2.1. Phu gia Zycobond (a) va phu gia Terrasil (b) s& dung 

Di't dupe thd nghiem ehi tieu CBR theo 
22TCN332:2006 vdi thdng so dam chit td ket qu i thi 
nghiem dam nen tieu chuan theo 22TCN333:2006. Thd 
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nghiem he sd tham mau d i t gia ed phu gia nano theo 
TCVN 8723:2012, he sd trUOng nd tU do FSl theo Tieu 
chuan An Dp IS 2720 [2]. CUdng dd chm nen cua mau dat 
gia cd thd nghiem theo ASTM D1633 [3], md-dun d in hoi 
thd nghiem theo TCVN 9843:2013, eUdng dp ep che eija 
mau dugc thd nghiem theoTCVN 8862:2011. 

3. KET QUA NGHIEN ClJU VA THAO L U A N 
3.1. Nghien cuTu anh hUdng cua Terrasil va 

Zycobond den cac dae tinh cua dat gia co 
De dinh g i i hieu qua eii tao dat cua phu gia Terrasil 

v i Zycobond, tien hinh thd nghiem danh gia mdt sd 
die tinh eua di't dam chat ed sd dung ket hpp phu gia 
Terrasil v i Zycobond. Ve mat co che, phu gia Terrasil la cic 
organosilane vdi ciu true phin td phdc hop, mdt phan la 
cie silane, mot phan la eac gdc hdu co bao hda. Khi trdn 
cung dat, eic nano organosilane ciJa Terrasil se tiep can vdi 
be mat eae hat dat, lien ket vdi nhdm silane ua nude ed tren 
be mi t eie hat set, tao thanh Idp mang alkyl siloxane ky 
nude, each nude, ngan cin qua trinh nude x im nhap lam 
trUOng nd eae hat set, dan den suy gi im tinh dinh bam va 
khi nang ehiu lUc eua dat. Zycobond nhd cie hat acrylic 
copolymer d kieh thUde nano khi duoc trpn tuong t ic deu 
vdi eac hat di't, gia eudng rdi rac cau trtjc dat bang cic phan 
td nano cd tinh d in hdi cao, qua dd cat thien tinh chat eua 
dat. Theo khuyen eao cua nha sin xuat, phy gia Terrasil va 
Zycobond dupe sd dung ket hop vdi ty le phu gia 1:1. Phy 
gia dupe pha vao nude sd dyng trong cdng tie dam nen 
dat. Him lUOng hdn hpp phy gia pha vio nudc d mde: 0,6 
kg/m', 0,8 kg/m^ 1,0 kg/m^ va va 1,2 kg/m^. 

Ket qu i thd nghiem chi tieu CBR cua eae mau dat 
cd sd dyng phu gia Terrasil v i Zycobond duoc the hien 
trong Bdng 3.1. Ket qua nghien cdu eho thay, phu gia 
phdc hop (Terrasil: Zycobond -1:1} vdi cic h im luong td 
0,6 den 1,2 kg/m^ chi tieu CBR cua dat deu dupe eii thien 
rd ret ddi vdi ca hai loai di't nghien cdu. Chi tieu CBR t ing 
td 70% den 120% so vdi ban dau (vdi dat i set), t ing td 
20% den 74% vdt d i t sdi doL 

Bing 3.1. Chi tiiu CBR cua mau dat sd dung phu gia Terrasil 
va Zycobond 

Ham li/crng 
phu gia, kg/m^ 

0 

0,6 

0,8 

1,0 

1,2 

Chi tieu CBR cr d& chat K95 

Oat i set 

4,2 

8,1 

9,4 

8,6 

7,2 

Dat soi doi 

23,8 

39,4 

41,4 

340 

28,7 

Hieu qu i ci i thien dupe gii i thieh bdi khi nang cieh 
nude cie hat set trong dat, td dd gi im sU truong nd cua 
mau dat khi ngam b io hda, gi im sU suy giam kha nang 
chju luc, ning cao ehi sd CBR eua dat, Ngoai ra, sU gia 
cUdng rdi rac cua cie phan td nano trong Zycobond ciJng 
lam t ing eudng sU dt'nh bim, chiu lUe cua mau dat. Hieu 
qua eii thien CBR eua phy gia vdi dat a set vupt trdi so vdi 
d i t sdi dot ddpc gi i i thich d hieu qua ci i thien tinh truong 

nd cua cac hat set, cd trong dat i set nhieu hon so vdt dat 
sdt ddi. Him luong thich hop sddung cho eii thien CBRcOa 
dat l i 0,6 den 0,8 kg/m^ tUong duong vdi lieu lUpng 0,6kg 
Terrasil va 0,6kg Zycobond hda tan trong 1.000 lit nUdc. 6 
eac ham tuong cao hon, hieu qui eii thien CBR van ed, tuy 
nhien khdng cao hon va lam phit sinh chi phi phu gia. 

Thd nghiem khi nang ehdng tham cua dat gia cd 
phy gia Terrasil + Zycobond vdi cic ham lupng td0,6 den 
1,2 kg/m' vdi hai loai dat nghien cdu dupe thUe hien theo 
TCVN 8723:2012. Mau dugc che bi bing phUong phap 
dam nen tieu chuan, say khd nhanh bang den ehieu 
halogen va thd nghiem tham vdl thiet bj eCia phdng thi 
nghiem TrUdng Dai hoc Cdng nghe GTVT (Hinh 3.1). Ket 
qua thd nghiem duoc trinh bay trong Sdng 3.2. 

Bing 3.2. Ketqui thdnghiem thim theo TCVN8723:2012 

Ham lucrng 
phu gia. kg/m^ 

0 

0,6 

0,8 

He so th^m cm/s 

Oat s6i doi 

2,4229-10* 

3,177310' 

2,2313-10' 

Oat a set 

1,978710-' 

5,391610' 

1,3553-10-' 

Kha nang tham cua cic mau dat sddijng phu gia 
Terrasil -i- Zycobond dUOc ci i thien rd ret ngay vdi ham 
lupng phu gia 0,6 kg/m^ Vdi dat a set, he sd tham vdt 
ham luong phu gia 0,6 kg/m' giam gan 4 lan, dat sdi doi 
giam gan 8 lan. 6 cic h im luong phu gia eao hon, he sd 
tham tiep tyc dugc cat thien, tuy nhien khdng rd ret nhu 
d mdc 0,6 kg/m' so vdt khdng sddung phy gia. 

Mde dp truong nd tU do eua dat sd dung phy gia 
Terrasil duoc den thanh theo Tieu chuan IS 2720-40. Lay 
lOg mau dat [d i lot qua sing 425 micron) phoi khd dUdi 
anh sang den halogen trong 3 ngay, sau dd cho vao trong 
dng dong thuy tinh dung tich 100 ml de kiem tra dp trUOng 
nd tu do eua dat (FSl) vdi ham luong phu gia sd dung 0,6 
kg/m' (Hinh 3.2). Ket qua thd nghiem dUpe trinh biy trong 
Bang 3.3. Khdng quan sat thay sutrUOng nd trong dat dUOe 
xd ly bang phy gia Terrasil (Hmh 3.2). NhU vay, phu gia 
Terrasil ed hieu qui trong kiem soat su truong nd cua dat 
trong dieu kien am udt. Ket qui thd nghiem eho thiy, vdi 
ham luong phu gia 0,6 kg/m', dat khdng edn sutrUong nd 
tu do. Dd truong nd tU do die biet quan trpng ddi vdi nen 
dudng d khu vUc chiu t ie dyng eua nhieu ngudn am hoac 
cie vung khi hau bang gia, khi truong nd lam xuat hien 
dng suit trong nen dudng, dan den bien dang matdudng. 

Hinh 3.1: Thunghiem thim theo TCVN 8723 
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Hinh 3.2: Thdnghiem he so truong no tudo FSl theo IS 2720 

Bing 3.3. Kit qui thi nghiim do truong nd tu do FSl 

Thuoc tinh sau 
24 gid 

The tieh nUde 

The tich dau hda 

% truong nd 

Dat a set 

ChUa 
xdly 

11,8 

10 

18 

XCr ly vdi 
Terrasil 

10 

10 

0 

Dat sdi doi 

Chua 
xdly 

10.7 

10 

7 

XCr ly vdi 
Terras!) 

10 

10 

0 

3.2. Nghien cuTu cac dae tinh cd ly cua dat gia co xi 
mang ket htfp phu gia Terrasil va Zycobond 

Lua chpn nghien cdu eie die tinh co hpc (cUdng dp 
ehiu nen, md-dun dan hdi, cUdng dp ep ehe) cua hat loai 
dat (sdt ddi va a set) gia cd 5% xi mang sddung phu gia 
phdc hpp (Terrasil: Zycobond =1:1) vdi h im lUpng pha 
trong nude 0,6 kg/m^ 0,8 kg/m' va 1,0 kg/m'. Cic mau 
dat dupe thd nghiem dam chit tieu ehuan xae djnh do 
am tdi Uu v i khdi lupng the tich khd Idn nhi't, lam co so 
ehe bj mau dat gia ed sd dung dam xoay tuong dng vdi 
dd chit lu len K95 (theo yeu ciu cua TCVN 10379:2012). 
Mau dat gia ed xi mang +Terrasil + Zycobond dupe trinh 
bay trong Hinh 3.3. Ket qu i thd nghiem g i i tn md-dun 
dan hdi sau 28 ngiy b io dUdng dUpc trinh bay trong 
Bang 3.4, Bang 3.5, gia tri eudng dp ep che dugc trinh bay 
trong Bdng 3.6, Bdng 3.7. 

Hinh 3.3: Trdn va dam nen mau dat gia CO sddung dam xoay 

Bing 3.4. Kit qui thi nghiem md-dun din hdi 
cae mau dat soi doi gia ei 

^ Mo-dun diin lioi sau 2S ngay, dat s6i doi 5% xi mang, 

M a u ) Mau 2 Mau 3 Mau 4 Mau 5 l^auG Trung bl 

^12.5 389,7 455,4 

Bing 3.5. Kit qui thi nghiem mo-dun din hdi 
eic mau dit a set gia cd 

kg/m> 

Q 

'--« 

tA 

420,1 

32S,0 

432,5 

329,1 

319,7 

368,1 

291,7 

u 28 ngay, dat i 

M a u 4 ' M l u 5 

422,4 343,2 

322,2 354,8 

e l 5% 

Mau 6 

410,0 

334,3 

332,9 

mang, MPa 

; Trung binh C„ 

403,4 8% 

1 343,2 5% 
1 3 2 U \7% 

Bing 3.6. Kit qui thi nghiim cudng dd ip chi 
cac mau dat sdi doi gia co 

rrasil + Ci/Ong do ep ch*, 6a% sdi doi 5% xi ming. MPa 
obond, . . I 
. ,^, Miin M S U 2 Mau 3 Mau 4 Mau 5 MauG Trung bll 

Bang 3.7. Ket qui thinghiim cudng dd ep chi 
eac miu dat i set gia ca 

U J u 1 

0,78 

0,83 

CUifng do 

M i u 2 N\liU 

0,91 1 0,85 0,85 

1 1 

0,87 

1,16 

1,19 

o.es 
1,03 

1,2 

0,78 

1,01 

1,14 

Phin tieh phuong sai dinh g i i sti khic biet cd y 
nghia thdng ke md-dun d in hdi mau dat gia eo theo h im 
luong phu gia sddyng. Sd mau thuc hien moi ham lupng; 
6 mau, vdi mdc y nghia o - 0,1, gia trj trung binh eic 
chi tieu dugc xac djnh vdt khoing sai sd ±0,672o. Phan 
tich phuong sai vdt o - 0,1, dd nhay nghten cdu 0,8 (|3 -
0,2}, mde chenh lech tdi thieu ed the phat hien: 1,734o. 
Thue hien tren phan mem MinlTabld, ket qu i phan tich 
phuong sai sd lieu md-dun dan hdi mau dat sdi ddi gta 
ed 5% xi ming eho thay, cd sU khac biet y nghia thdng ke 
gida g i i tri trung binh md-dun d in hdi 4 mau di't (khdng 
sddung phu gta, sddung 0,6, 0,8 va 1,0 kg/m' phy gia}, 
xac suit x iy ra g i i thuyet d io p = 0, nhd hon mdc y 
nghTa a - 0 , 1 . 

Lua chpn phuong phap phan ti'ch hau dinh Tukey 
(HSDTukey's) vdi sai sdtoan bd cac cap so sanh 5%. Tinh 
to in Q va so sanh vdi gia tri Q theo ly thuyet cua Tukey 
cho thay cd su khic biet md-dun dan hdi mau di't sdt dot 
-1-5% xt ming so vdi eie mau dat sd dyng 0,6, 0,8 va 1,0 
kg/m' phu gia. Khdng cd sU khie biet md-dun dan hdi 
mau di't SOI ddi 4-5% xi mang sd dung 0,6 kg/m' phu gia 
sovdi mau di't gia edxi ming sddyng 0,8 kg/m'phu gia. 
Khdng ed sU khae biet md-dun dan hdt mau di't sdi ddi 
-1-5% xt ming sd dung 0,8 kg/m^ phu gia so vdi mau dat 
gia cd xi ming sd dung 1,0 kg/m' phy gia. Tuy nhien, cd 
sU khic biet y nghia thdng ke gida mau dat sd dung 0,6 
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kg/m' phu gia, 0,8 1,0 kg/m' phu gia v i 1,0 kg/m' phu 
gia. Bieu do hdp bieu dien md-dun d in hdi cic mau dat 
sdi doi gia cd xi ming v i phu gia nano duoc the hien 
trong Hmh 3.4a. 

Tuong tu, phan tieh phuong sai ket qua thd nghiem 
md-dun dan hdi mau dat a set gia eo xi ming vdi eie 
ham lupng phy gia nano khie nhau cho thay, sU khic 
biet md-dun d i n hdi mau dat i set khdng phu gia nano 
so vdl eae mau d i t i set sd dung 0,6,0,8 va 1.0 kg/m^ phy 
gia nano. Cd sU khae biet md-dun dan hoi mau dat i set 
-I- 5% xi ming sd dung 0,6 kg/m' phu gta so vdi mau dat 
a set gia cd sd dung 0,8 v i 1,0 kg/m' phu gia. Tuy nhien, 
khdng cd sU khic biet y nghia thdng ke gida mau dat i set 
sddung 0.8 kg/m'phu gia v i mau dat sddung 1,0 kg/m' 
phu gia. Bieu do hop bieu dien md-dun dan hdi eic mau 
d i t i set gia cd xi ming va phu gia nano dUOc the hien 
trong Hinh 3.4b. 

Hinh 3.4: Boxplot md-dun dan hoi cic mau dat sdi ddi 
gia eP'xi ming * phu gia nano 

Ket qu i thd nghiem eUdng dp ep che cac mau dat 
gia CO 5% xi mang vdi eic h im luong phy gia khac nhau 
dupe trinh b iy trong Bdng 3.6 va Bang 3.7. Ve mat sd hpc, 
vdi h i m lupng phy gia tang td0,6 kg/m' den 1,0 kg/m', 
eUdng do ep eh^ cic mau dat gta cd tang, cudng dp ep 
ehe di't sdt ddi gia ed ludn cao hon cudng do ep che dat 
i set d tat ca eic ham lupng phu gia sd dyng (Hmh 3.5). 
TUong quan hdi quy eudng dp ep che mau di't sdi ddi gia 
ed theo h im lupng phu gia: R^ -̂ 0,383-PG -f 0,892, he sd 

tuong quan quyet dinh R''= 0,868. TUPng tU, tUPng quan 
hdi quy cudng dp ep ch^ mau d i t i set gia ed theo h im 
luong phy gia: R^ = 0,351-PG-i-0,746, he sdtUPng quan 
quyet dinh R^= 0,811. He so dp ddc (slope) trong phUOng 
trinh tuong quan ehi ra: Phu gia lam t ing eUdng dp 4p 
che cua d i t i set gia eo xi ming rd rdt hon so vdi dat sdi 
ddi gia eo xi mang. 
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Hinh 3.5: Anh hudng cda ham lupng phu gia den cudng dp ep chi 

4. K£T LUAN 
Ket qu i nghien cdu eho thay, phu gia nano-

organosilane Terrasil ed kh i nang cai thien dat, tao eho 
d i t kh i ning cich nUdc, chong tham, g i im dd truong nd 
cua cic hat set. Phu gia Zycobond gia cUdng rdi rac ciu 
true dat bang cac nano copolymer t ing sUdinh ket trong 
eie hat d i t , tao dp dan hdi cho dat. 

Dat gia ed xi ming PCB30, phu gia Terrasil v i 
Zycobond hinh thanh cau true ludng pha (edng-dan hoi) 
trong di t , eii thien dang ke cUdng dp ep ehe, giam dp 
cdng cua dat, g i im md-dun d in hot, gi im nguy eo xuat 
hien ndt. 

Dat gta ed 5% xi ming PCB30, 0,8 kg/m'Terrasil va 
0,8 kg/m^ Zycobond ed the dat den do ben cap II theo 
phin cap cua TCVN 10379:2014, cd the nghten edu sd 
dung eho cic Idp nen dudng d td, mdng i o dudng va 
mat dudng cap thap. 
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