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TOM TAT: Nghién ciru tai ché bun nao vét tir hé thong ludng cang, cira song, cira bién thanh vat liéu dép
nén thay thé cho cat tu nhién da dugc mot sb nudc trén thé gidi dau tu nghién ciru va tng dung vao thuc
tién. Tai Viét Nam, mot sé két qua nghién ciru dic tinh 1y, hoa bun nao vét cho thay c6 thé tai ché bun
thanh vat lidu san lap tir ngudn nguyén liéu dia phuong 14 xi ming PBC va polymer. Nhiam danh gia anh
hudng ciia cac thanh phan hoa hoc trong xi ming dén sy phat trién cuong d6 va hinh thanh ciu tric vi mo
cua vat liéu san lép (vat liéu VSL), mot loat cac thi nghiém trong phong da dugc tién hanh khéo sat trén
cac loai xi mang khac nhau dé danh gia sy anh hudng cac hop chit hoa hoc nhu: CaO, SO;, AlLOs, dén
cudng do cua vat liu VSL. Trong cac thi nghiém vat liéu chinh 1a bun H6 Tay (B), xi ming PCB (X),
polymer (P) véi ty 1& cap phdi B:X:P khac nhau. Cac két qua nghién ctru cho thdy cuong do cua dat ty 16
nghich v6i ham luong CaO va ty 1& thuan véi ham luong ALO; va SOs. Pdng thoi, bang thi nghiém kinh
hién vi dién tir quét (Scanning electron microscopy—SEM) da danh gia anh huong cta X va P dén sy thay
dbi cau trac vi mo cua vt liéu VSL.

TU KHOA: Vat liéu san lép, tai ché bun nao vét, ciu trac vi md cua dat.

ABSTRACTS: There are many countries in the world have recycled dredged mud as filling material. In
Vietnam, some studies show that dredged mud can be recycled as filling material from cement PCB. This
study is aimed at discussing the effect of chemical composition in cement on strength and microstructure
of filling material (VSL material). A series of laboratory tests for evaluating the influence of chemical
composition in cement such as: CaO, SOs, Al:O3 to strength of VSL material. In the tests, the main
materials are West Lake mud, PCB cement and polymer with different ratios. The results show that soil
strength is inversely proportional to CaO content and directly proportional to Al,Os3 SO; content.
Moreover, the Scanning electron microscopy—SEM test evaluated the influence of cement and polymer to
change in the microstructure of VSL material.

KEYWORDS: filling material, recycle dredged mud; microstructure of soil.

1. GIOI THIEU chd dang ké, thuong dugc dat & khu vuc ngoai
thanh Ha NoOi nhu: Nguyén Khé-Déng Anh, Ha
bong, Van Dién, Thi tran Phung, Sé¢ Son, cac bai
chira déu da qua tai. Dong thoi chi phi xir Iy cac van
dé moi truong sinh thai va ha ting k¥ thuat cho cic
bai chira rat 1on. Ngoai ra, mot khéi lugng khong
nhé dugc db thai bat hop phéap, giy 6 nhidm, anh
hudng nghiém trong dén vé sinh moi trudng va canh

Ha Néi 1a mot trung tdm kinh té, thu do cua ca
nude, noi ¢o toc dod xay dung, phat trién co s& ha
tang nhanh, tap trung nhiéu séng ngodi, ao ho 16n.
Hang niam mot khdi lugng 16n bun dugce tao ra tir
qué trinh nao vét song ngoi, kénh, rach. Bun dugc
d6 truc tiép tai cac bai chira véi dién tich chiém
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quan thanh phd, trd thanh van dé nhire nhdi cua xa
hoi. Mit khac, voi tde do phat trién vé co sé ha tﬁng
nhu hién nay, cac hoat dong xay dung doi héi mot
lwong vét liéu san 1ap l6n, thong thuong la cat. Vi du
nhu du an xay dung t6 hop ga Ngoc Hoi tai khu vuc
Thanh Tri, Ha Noi v6i khdi lugng cat san 1ap dén
gin 5 triéu m’; du 4n Nha may Nhiét dién Nam Dinh
1 yéu cau khdi luong cat san lap 1én dén gan 6 triéu
m’, & Mién Nam: t6 hop Nha may Nhiét dién Song
Hau ciing can dén hang triéu m’. Lugng cat nay
thuong dugc khai thac tr cac moé cat trong nui hodc
long séng da tac dong nghiém trong dén didu kién
dia chat, moi truong sinh thai, sat 1o d4t va mit an
toan giao thong duong thiy. Hién nay, van dé vé
moi trudng trong thanh phd ngdy cang duoc chi
trong, strc ép tir cac bii chira da qua tai, ngudn vat
liéu san 14p ngay cang han ché. Viéc nghién ciru ché
tao vat liéu VSL tir bun nao vét dung dé san lép cong
trinh, thay thé ngudn cat tw nhién 1a mot xu thé tat
yéu di va dang duoc nhidu nude trén thé gidi dau tu
nghién ctru va g dung vao thuc tién. Tai Viét Nam
mot s6 cong nghé tai ché bun da dwoc nghién ciru
nhu: xtr Iy bun thai sinh hoat (bé phdt, cong ranh...)
c6 ham lugng hitu co cao thanh phan bén ndng
nghiép [1], hodc déng banh kho dé chon 1ap (du an
nha may xir Iy nude) hodc tai ché thanh gach nung,
tai ché bun thai cong nghigp thanh cat cho cot ligu bé
tong [2].... Tuy nhién dén thoi diém hién tai chua co
mot giai phap tong thé nao dwoc ap dung rong rai,
phan 16n 1a do cong nghé xur Iy thuong & qui mod
nho, pham vi tng dung hep hodc chi phi qua cao.

Déi tuong nghién ctru cta bai bao nay 1a vat lidu
san 14p (VSL) tai ché tir bun khong doc hai nao vét
Ao/Hb trong thanh phé Ha Noi. Do vay quy trinh
cong nghé va san pham sau tai ché ciing phai phi
hop véi diéu kién Viét Nam nhu: cac ao/hd ndi do
véi quy md nao vét khong 1on, vi tri nao vét khong
tap trung, khong bd tri duoc mit béng san xut tai
chd véi luong 16n ma phai dua vé cac béi chira tap
trung, noi dat san cac nha xudng san xuat; phu gia
cho qua trinh tai ché 1a cac vat liéu dia phuong nhu
xi mang PCB va polymer. San pham dau ra la vat
li€u VSL c6 dang hat (cat nhan tao) phuc vu nhu cAu
san 14p khi stra chita, cai tao cic cong trinh ha tang
k¥ thuat trong thanh pho (hinh 1).

a) Mau VSL tron thtr trong phong b) MAu VSL trén thir ngoai hién trudng

Hinh 1. C4ac miu vit li¢u VSL tron thir trong
phong thi nghiém va tai hién truwdng

Co6 rat nhiéu cac yéu té anh huong t6i su phat
trién cuong d clia san phim sau tai ché nhu: anh
huong cua chung loai phu gia; anh hudng cua cap
phdi hat; anh huong cta ham luong hop chit hiru
co; anh huong cua do pH; anh hudng cua do am;
anh huong cua didu kién tron; anh hudng cia thoi
gian bao dudng, v.v. Trong d6 loai phu gia xi mang
1a mot yéu t6 quan trong s& dugc thao ludn trong bai
béo nay, tir d6 lam co so lya chon loai xi mang dia
phuong phi hop trong tai ché bun thanh vat li¢u
VSL. Xét vé mit ddc tinh co — 1y cua dat, ban chat
cta su thay doi cac dic tinh k¥ thuét cia dat phu
thudc vao su thay ddi cAu triic ca nd. Thuat ngit cAu
tric dugc sir dung dé chi su s.'flp xép hinh hoc cuda cac
hat khac nhau trong mot khéi vat lidu [3]. Viéc tim
hiéu vi cdu tric cua vat lidu VSL theo cac nhan t6
tac dong nhu ham luong xi mang, ham luwong phu
gia polymer dé lam sang to sy thay doi dac tinh k¥
thuat cta vat liéu VSL 14 can thiét. Muc tiéu cia bai
bao 1a khao sat anh hudng ciia xi ming, polymer dén
su phat trién cuong do va sy hinh thanh vat li¢u
VSL. Cac mau VSL dugc ché bi bang cich tron
bun,xi mang, polymer & do am giéi han déo, mau
sau khi trén c6 dang hat tuy nhién van con mém dinh
do chira nuéc; dé thuan tién trong qua trinh ché bi va
bdo quan mau, bai bao lya chon thi nghiém nén
1 truc nd hong dé khao sat cudng do cua cac mau
VSL & 28 ngay tudi; cau trac vi mo ctia mau dugc
quan sét bang kinh hién vi dién tir quét (SEM). Ciing
voi két qua thi nghiém nén nd hong thi cac hinh anh
SEM quan sat duoc s& lam rd hon tién trinh hinh
thanh lién két cua cac san phém (CSH, CAH,
CASH) tr qua trinh thiy hoéa xi mang lam tang
cudng do cua dat,

2. VAT LIEU VA PHUONG PHAP THi NGHIEM
2.1. Vit liéu
2.1.1. Bun sét Ho Tay

Véi dién tich rat 16n, cong tac lay mau rat kho
dé mo ta dugc dic diém chung dai dién cho toan
b6 bun dudi 1ong HO. Nham c6 cai nhin téng quan
vé loai bun & Ho Tay, cic mau bun dugc ky hiéu
boi chir cai “W” da dugc thu thap tai cac dia diém
khac nhau. Cac miu bun dugc 13y bing phuong
phap thil cong tai cac vi tri khac nhau, d6 sau lay
mau tr Om dén (-1m) tinh tr cao trinh day Ho
(hinh 2). M6t s6 dic tinh vat 1y co ban cia bun
dugc thé hién & bang 1 va hinh 3 [4] véi ham
lugng hitu co nhé hon 15% thuan loi tai ché [4],
[7]; d6 4m ty nhién cua bun rat 16n trén 200%, dé
tai ché hiéu qua can khéng ché d6 am trong khoang
[we; wi], khi ché bi tron cap phdi tai khoang do Am
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wp thi cho kha nang tao hat nhanh chong va phat
trién cuong do t6t [4] [5] [6] [7]. Pdng thodi phan
16n bun ao/hd trong Thanh phd Ha Noi 1a bun
khong ddc hai, tuc 1a bun khong chia ham lugng
kim loai nang vuot ngudng cho phép theo quy
chuan qudc gia QCVN 07:2009/BTNMT, diéu nay
d4 duoc khang dinh trong cac bao cao [4] [5].
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Hinh 2. Céng tac iy miu bun Hb Tay
Bang 1. Chi tiéu vat Iy ciia miu bun H6 Tay [4]

S6 hiéu maul MAu bin Hd Tay

Chi tiéu vat ly Wi Wiz Wis Wiy Wi.s
D6 4m ty nhién, w (%) |200,2 | 200,3 | 202,1 | 201,7 | 202,3
Gidi han chay, wi (%) 88 87,8 | 87,2 | 88,1 | 88,5
Gidi han déo, we (%) 59,3 | 58,5 | 52,1 | 55,7 | 52,6
Ham luong chat hiu| o 11551115 | 116 | 107
co, (%)
pH 7,3 7,3 7,2 72 | 7,15
Khéi lugng thé thich
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Hinh 3. Thanh phan cip phoi hat bun Ho Tay [4]

2.1.2. Xi mang PCB

Xi mang Portland la vat liéu dia phuong
dugc st dung lam phy gia trong cai tao dét
[5][6][7][8]. Trong qua trinh hydrat hoa xi mang,
canxi hydroxit Ca(OH), dwgc giai phong. San
pham hydrat hoa xi ming c6 do bén cao, ting
dan theo thoi gian, trong khi canxi hydroxit gop
phan vao phan ng pozzolanic. Mot sb hop chat
hoa hoc trong xi mang nhu CaO, SOs, ALO; rat
quan trong, c6 anh huong lon dén sy 6n dinh coa dat
[6]. Hién nay, Viét Nam chu yéu sir dung cac loai
XM PCB, gbm PCB30 va PCB40. Bai bao tién hanh
khao sat 9 loai XM PCB phé bién trén thj trudng
hién nay, danh gid su anh huong cda tung loai xi
mang dén su phat trién cuong do cua vat liéu VSL,
tir @6 lya chon loai XM phu hop trong tai ché bun
thanh vat liéu VSL.

2.1.3. Polymer

Phu gia polymer 14 mdt san phdm cta qua trinh
héa dau va 1a mot loai keo tong hop & dang bot,
mau tréng, khong mui, ¢6 do pH trung tinh, 1a mot
trong nhiing loai vat liéu moi nham cai thién tinh
ning cta cac vat liéu truyén thong dé ting cuong
chét lugng cua vat li€u. Co rat nhiéu chung loai
polymer khac nhau, mdi loai c6 cac gbc hoa hoc
riéng dé s dung cho cac muc dich khac nhau.
Trong xdy dung, bt polymer duoc st dung kha
rong rai cho nhiéu muc dich nhu ché tao vita xay,
vira trat, keo dan gach, keo 6p c6 yéu ciu d6 bam
dinh cao, phu gia ting hoat tinh cho dung dich
bentonite trong cong tac thi cong coc khoan nhdi,
keo lang cho bun dit trong khi xtr 1y nudc sach,...
bt polymer thuong mai thuong dugc dong bao
khoi luong 20 kg/bao. Nham cai thién cac dic tinh
co, Iy cua vat liéu, cac san pham nay thuong két
hop véi vat liéu vo co truyén thdng nhu xi ming,
cao lanh, voi. Cong thirc (1) trinh bay gbc hoa hoc
cua mot loai polymer tiéu biéu, c6 hoat tinh déo
dinh va hut nudce cao.

Acryl acid Sodium acrylate
—CH,-CH-) (-CH,-CH- (1)
COOH ) COONa |

Co ché bun long thanh dét dang hat dugc mo ta
tom tit trong hinh 4, sau khi bun sét dang 16ng véi
d6 am cao duoc trdn 13n v6i hdn hop keo tdng hop
polymer va xi mang. Khi san pham polymer gip
nude, cac hat polymer ¢ dang bdt min s€ ngdm
nude va tré thanh chét keo két dinh nho d6 cac hat
sét duoc dinh két véi nhau, trong qua trinh tron cac
hat dat min tir ban long s€ tao thanh cac hat dat roi
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¢6 kich thuéc 1én hon nhiéu so véi hat sét. Thoi
gian hinh thanh keo dinh két khi hoat chit polymer
gdp nuoc trong khoang thoi gian 30 gidy tdi
60 gidy. Trong khi do, khi xi mang gap nudc s¢
din ra cac phan tng thity hoa dé hinh thanh chat
két rin, thoi gian phan (mg thong thuong phai sau
khi tron 2 gio, sau khi xi ming ninh két va héa
clmg, cac hat dat s& dat dugc cudng d6 nhét dinh.
i

.#'?
@

Keo
polyme

Nuéc

Nuwéc

Hinh 4. Co ché hinh thanh vt li¢u dang hat tir
bun 16ng bang polymer

Trong bai bao nay, mét loai polymer co6 tinh
nang didc biét dung trong xay dung dugc su dung
phé bién tai Nhat Ban, c6 d6 hat nuéc manh
(hinh 5). Tac gia da sir dung phwong phap tai dé
tién hanh thi nghiém danh gia kha ning truong nd
ciia mau. Két qua cho thiy mirc do truong nd bio
hoa sau 4h khoang 230 lan (hinh 6).

Y T —

b) Polymer hut nuéc

[10]. Phuong phap thi nghiém nén 1 truc né hong
tu do theo tiéu chuan ASTM D2166 [11], xac dinh
hinh anh vi ciu triic miu dat va mau vat liéu VSL
bang kinh hién vi dién tur quét (Scanning electron
microscopy — SEM), xac dinh toc do truong né cua
polymer bang phwong phap tii.

2.2.2. Chudin bi miu

Bun sét ty nhién tir HO Ty sau khi tach nudc
béng léng trong luc c6 dd 4m cao, gia tri trung binh:
w=201,3%, w1=87,9%, wp=55,6%. Thi nghiém nén
mot truc nd hong duoc tién hanh véi cac cap phdi
nhu sau: Bun: 100%, Polymer: 0,2%, tng voi 9
loai xi ming PCB phd bién & dia phuong v6i ham
luong la: (5; 10; 15)% (bang 2). Thi nghiém SEM
duoc thue hién véi mau bun tu nhién, sau do tién
hanh giit nguyén ham luong P=0,2% va thay ddi
ham lugng xi mang X=(5; 7; 10)% dé quan sat su
thay doi cdu trac do anh hudng cta ham lugng xi
ming; dong thoi giit nguyén ham lugng X=10% va
thay d6i ham lugng P=(0,1; 0,2)% dé quan sat su
thay ddi cdu trac do anh huéng cua ham lugng
polymer (bang 3).

Bang 2. Miu trong thi nghiém nén
1 truc né hong

D) 4m Ham o Ham Thei
. X cheé bi Am uong lwgng gian bao
Loai dat x Xi mang, X -
mau wo (%) polymer, P | dudng, ¢
(%) (%) (ngay)
Bun sét _ 1o,
Hb Tay wo = wp 5; 10; 15 0,2 28

Bing 3. Miu trong thi nghiém SEM

a) Mau polymer Do Am Ham . Thoi
3 K. . Ham luwgng . .
truong no Loai d4t cl~1e bi lwgng xi olvmer gian bao
. : mau wy mang, pP)E"/ ) ’ dudng,
Hinh 5. Mau polymer trwong né' manh (%) X (%) ¢ t (ngy)
sau khi hut nwéc in sé
Bunset | — 0 0 28
250 I Ho6 Tay
] ~* = JB """" * Bun sét
% 200 e Y V:43-11§14lﬂ -';9'613 569 Ho Tay Wo = Wp 5;7;10 0,2 28
7 ) Bun sét
g 150 A AR o= we 7 0,1;02;03 | 28
g‘ . Ho Tay
2 100
g “ 2.2.3. Quy trinh thi nghi¢m
= 50 ’ A r 5 A < R 2
e e Thi nghiém nén 1 truc nd hong duoc tién hanh

|
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Hinh 6. Kha niing truwong né ciia mau polymer
2.2. Phwong phap thi nghiém
2.2.1. Tiéu chudn thi nghiém

Phuong phap tao mau vat liéu VSL tham khao
tiéu chuan ASTM D698 [9] va TCVN 9403:2012

trén may nén 1 truc tdc do 1,27mm/phut. MaAu bun
sau khi nao vét dugc tach nude bang phuong phap
ling trong luc dén d6 am gidi han déo we, tién
hanh trén bang phuong phap tha céng cac cap phdi
mau nhu & bang 2, bang 3. Sau khi xi mang thiy
héa hoan toan, tién hanh dic miu va bao quan
trong thung xop kin, dén 28 ngay tudi méu thuc
hién nén mau nhu hinh 7 [11].
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Hinh 7. Thi nghi¢m nén né hdng cic miu VSL

Thi nghiém SEM: Thiét bi SEM str dung trong
nghién cuu la dong may Hitachi TM 4000 plus cta
Nhat Ban (Hinh 8). Thiét bi ¢6 cac thong s6 k¥ thuat:
dién thé 500 V — 15 kV, d6 phong dai 1én dén 5.000
1an, d6 phén giai trong mdi truong chan khong thip.
Thi nghi¢m SEM thyc hién trén 3 loai mau: Mau
bun 16ng sau khi nao vét dugc tach nude va phoi kho
gi6, dong ran ty nhién. Cac mau cap phdi bun, xi
ming va polymer (B:X:P) véi ty 1& lan luot 1a
X=7%, P=(0,1; 0,2; 0,3)%, P=0,2, X=(5; 7; 10)%.
Cac miu cap phdi dugc ché bi va bao dudng sau
28 ngay ¢ trang thai dam chat, c6 dang hat (cat
nhan tao). Bé dam bao kha ning truyén dién trong
moi truong chan khong khi thuc hién thi nghiém
SEM, cac miu phai duoc sdy kho dén khéi luong
khong dbi; cac mau duge phu 1 16p vang mong
(Au) tir 5 dén 10 phut bang may chuyén dung dé
cho hinh anh dugc tdt hon; dat mau da phu Au 1én
gia d& cua thiét bi SEM. Piéu chinh d6 phan giai,
do phong dai tir 50 dén 3000 1an, dién thé tang tde
theo yéu cau dén 10 kV. Tién hanh quan sat va luu
trit hinh anh vi ciu trac cua mau VSL trén man
hinh may tinh da dugc két ndi véi thiét bj nhu hinh

AT ‘ B -
Hinh 8. Thi nghiém SEM déi véi cic miu VSL
3.KET QUA VA THAO LUAN

3.1. Anh huéng cia loai xi ming dén cuong dd
nén mgt truc né hong

Hinh 9 thé hién mot sé thanh phﬁn hoéa hoc
chinh trong xi mang, dugc xac dinh theo TCVN

141:1998 [12]. Mot s6 hop chat hoa hoc trong
xi mang nhu: CaO, SOs3, Al,O; c¢6 anh huong 16n
dén cuong d6 cua vat li€u sau tai ché, xi mang co
ham lugng CaO thap, ham lugng SO3 va ALO;
cao thi c6 loi trong viéc phat trién cuong do cua
vat lidu sau tai ché [7].
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Hinh 9. Ham lugng céc chit héa hoc chinh
trong cac mau xi mang

Hinh 10 thé hién anh huong cta loai xi ming dén
cuong do nén mot truc noé hong cua vat liéu VSL g
v6i timg loai xi mang vdi cac cap phéi khac nhau. Co
3 cip phdi bun, xi miang, polymer
(B:X:P)=(100:5:0,2)%, (100:10:0,2)%, (100:15:0,2)%
tuong Ung véi 9 loai xi mang dia phuong dugc ma
hoa tir X01 dén X09. Két qua cho thiy, cuong do
ciia miu VSL gin nhu khong thay ddi khi ham
lwong xi mang dudi 5%, gia tri cuong do ciing
khong phu thudc vao loai xi mang, tic la khong
phu thudc vao cac thanh phan hoa hoc trong xi
mang, diéu nay duoc 1y giai do ham luong xi ming
qua nho, khéng dam bao su phat trién cuong do
can thiét cua dét, két luan trén ciing phu hop véi
cac nghién ctru cua Kiazume va cong su [7]. Khi
ham luong xi mang 16n hon 5% (tr 10 dén 15%)
thi cuong d6 cua véat liéu VSL co su thay doi dang
ké tiy thudc vao loai xi mang. Ham lugng CaO
trong xi mang cang cao thi cuong d vat licu VSL
cang giam va nguoc lai, thé hién & cdc mau
xi mang X03, X08, X04, X05 do khi ham lugng
CaO 16n, mot phan CaO tham gia vao qua trinh
thiy héa xi ming, phan con lai s& ton tai & dang
CaO tu do kém 6n dinh vé thé tich 1am cuong do
dat giam; ham luong ALO;, SO; trong xi mang
cang 16n thi cuong do cua vat liéu VSL cang cao,
thé hién & cac mau xi mang X02, X03, X08, X09,
didu nay duoc 1y giai do hinh thanh cac san pham
clia qua trinh thuy hoa xi mang lam cho ciu triic
cta dét tré nén dic chic hon giup ting cuong do
cuia dat. Piéu nay ciing duoc Kitazume va cong su
lam 15 & cac két qua nghién ciru trén cac mau dat
sét nao vét tai Nhat Ban c6 wr 1a 60,7%, wp la
29,1% va Ip 1a 31%, cho théy ham lugng CaO,
SO;, AlLOs trong xi ming ¢ anh huong 16n dén sy
phat trién cudng do cua dat. Trong d6 cuong do
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cuia dat giam manh khi ham luong CaO ting Ién va
cuong d6 khong thay doi khi lugng phu gia khoang
80 kg/m’. Cuong do cua dat gan nhu khong dbi
néu ham luong SOs trong phu gia thap hon 9%, chi
can ham lugng SO; ting 1én 9% thi cuong do cla
dat tang 1én nhanh chong; cuong do cua dat gan
nhu khong ddi véi bat ké ham luong AlLO; khi
luong phu gia khoang 80 kg/m?, khi luong phu gia
duoc ting 1én 140 va 200 kg/m’, cuong do ting
gan nhu tuyén tinh v6i ham lugng AlLOs [7].

mX=5%,P=0.2% X=10%P=02% ®wX=15%.P=0,2%
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Céc mau cap phdi bun tai ché vai cac loai xi mang khac nhau

Hinh 10. Anh hwéng ciia loai xi ming dén cwong
d¢ nén mot truc né héng cia vat liu VSL

3.2. Anh hwéng ciia xi ming dén sy hinh thanh
vi céu tric cia vat liéu VSL

Kinh hién vi dién tir quét (SEM) la mot
phucmg phap hiéu qua duoc sir dung dé phan tich
cu trac cia bé mat vat lidu & do phong dai cao
hang nghin dén chyc nghin lan. Cac két qua nghién
ctru cho thay dat chua xir 1y c¢6 ciu tric md, cac
khéi phan tan dé lai nhidu 16 rdng 16n [13]. Ciu
trac dat thay doi dang ké khi tron véi xi mang hodc
voi, cac 16 rong trong dat sau xt 1y bi chén kin boi
céc san pham cla qué trinh thuy hoa xi ming. Céac
san pham nay nhu mot tinh thé co chirc ning lién
két cac hat dat lai v6i nhau tao mot két cdu méi voi
16 rdng rat nho lam ting cudong d6 cua dat [14].
Céc nghién ciru cling da phat hién cic san pham
clia qua trinh thity hoa xi mang CSH, CAH chiém
chd trong céc 15 rong tao cau ndi lién két cac cum
c6t liéu hinh thanh dang két cau khung khi quan sat
cdu trac vi md cia hai mau dat sét tron véi,
xi mang tai lan lugt cac ham lugng 10%, 20% [15].

Két qua thi nghiém SEM cho thiy bé mit cua
bun ty nhién ¢ trang thai kho c6 cdu triic mo, cac
hat lién két kém, phan tén, chtra nhiéu 16 rong. O
cung d6 phong dai 50 1an hinh anh SEM cho thiy
cic mau vat lieu VSL c6 ciu trac dic chic hon
(hinh 11). DPé quan sat anh huéng cta xi ming dén
su hinh thanh ciu tric ciia VSL, tac gia tién hanh
thi nghiém SEM ¢ d6 phong dai thip 200 1an trén
cac mau cap phéi voi ham lugng xi mang lan luot
1a (55 7; 10)%, polymer la 0,2%. Ket qué cho thay
cAu trac mo (16 réng) giam 3 rét, ciu trac dic chic
tang dan theo ham luong xi mang (hinh 12), diéu
nay dugc 1y giai do cac san phdm cia qué trinh

thity hoa xi ming (CSH, CAH) ting dan theo ham
luong xi mang, lap day cac 15 rong, lién két cac hat
dat tao ra ciu tric dic chic trong vat liéu VSL.
Céc hinh anh SEM tuong tu cling thu dugc khi
tang dan ham luong polymer (0,1; 0,2; 0,3)%, xi
mang 1a 7%, cau trac dac chic cac mau VSL ciing
phat trién rd rét khi ting din ham luong polymer
(hinh 13).

b) Mau bun tron xi ming va polymer

a) Mau bun Ho Tay

Hinh 11. Hinh dnh SEM ¢ d¢ phéng dai thip 50
l1an ciia bun Ho Tay trwéc va sau khi tai che

Hinh 12. Hinh danh SEM & dd phéng dai 200 lan
ciia miu VSL khi thay d6i ham lwgng xi ming

¢) Mau cép phoi
B:X:P=100:7:0,3(%)

) a) Mau caphm
B:X:P=100:7:0,1(%)

Hinh 13. Hinh danh SEM & do phéng dai 200 lin
ciia miu VSL khi thay d6i ham lugng polymer

B:X:P=100:7:0,2(%)

CAu trac cac thanh phin c6 trong vat liéu VSL
dugc thé hién r6 trong hinh anh SEM ¢ d6 phong
dai 16n 3000 1an. Cac hinh anh cho thiy trong céac
mau VSL chira cac thanh phan ciia qua trinh thiyy
hoa xi ming, d6 1a: CSH xuét hién nhiéu & tit ca
cic mau, ton tai & dang gel, két bong lai timg
chum; CAH con goi 1a ettringite c6 dang que hinh
thoi, xuét hién it hon nhu trén hinh 14c, 15a, 15b;
luong CSH, CAH ting 1én dang ké khi ting ham
luong xi mang, cic san phim nay két bong trén bé
mit miu VSL, cac san phim CSH dan xen lién két
nhau gidng nhu t6 ong tao nén két cau viing chic
ctia vat liéu VSL; mot s hinh anh bé mit con xuét
hién céc tinh thé rdn mau tring canxit (CaCO3) nhu
trén hinh 14b, 15a, 15b. Hinh 15b xuét hién cac
tinh thé tdm mong hinh luc gidc duge cho la
monosulfat, 14 san phdm cua modt phan ettringite
tac dung voi thach cao ty do (CaSO4 2H»0) co
trong hdn hop [16]. Hinh 15¢ cho thdy sin phim
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Ca(OH), con goi la portlandite xuat hién ¢ dang
pha ran c6 dang khoi da giac deéu chiém chu yeu
trén bé mit mau.

) ca
B:X:P=100: 1002(0/)

B:X:P=100:5:0,2(%)

Hinh 14 Hinh anh SEM & d9 phéng dai 3000 lin
miu VSL khi thay d6i ham hrong xi mang

B:X:P=100:7:0,2(%)

Jf\,‘k 3

CAH (et‘mnglle

{

) p phd
B:X:P= 100703(/)

Hinh 15. Hinh dnh SEM & d9 phéng dai 3000 lin
miu VSL khi thay d6i ham lwgng polymer

Théong qua hinh SEM & d6 phong dai thdp 50
lan va 200 1an cho thiy su phat trién cu tric ddc
trac hon theo ty 1¢ ham lugng xi ming va polymer;
ddng thoi ¢ d6 phong dai cao 3000 1an thdy duoc
su hinh thanh, phat trién cac san phim cia qua
trinh thiy héa xi mang, khi ty I¢ xi mang cang cao
thi san phém thiy hoa cang nhiéu, dc biét cac san
pham CSH, CAH chiém phan 16n, c6 két cdu
bong/td ong gop phan tao nén ciu trac vimg chic
lam gia ting cuong d6 ciia mau. Cac hinh 4nh SEM
clia cac mau VSL véi cac cap phdi khac nhau minh
chimg 15 rét cho sy twong dong giita sy phat trién
cAu trac vi md voi su phat trién cudng do ciia mau.
4. KET LUAN

Bai béo dé phan tich cAu triic vi mo tir hinh anh
chup trén thiét bj SEM, lam rd mdi twong quan
giita cau trac vi md vai sy hinh thanh va phat trién
cudng do cua cac miu VSL. Két qua nghién ctru
cho thay:

Bun nao vét c6 do am, gidi han chay, giéi han
déo 16n, thanh phén hat sét cao, do vay khi ham
luong xi ming dudi 5% thi hiéu qua vé mit cai
thién cuong do dit rat han ché; véi ham luong xi
ming tir 140 va 200 kg/m® cuong d6 cua dat dugc
cai thién dang ke.

Hiéu qua vé mit cai thién cuong do cua vat
liéu VSL ciing han ché véi nhitng loai xi ming co
ham lugng CaO cao, do qua trinh hinh thanh cac
san pham huy hoa xi ming, lugng CaO du s& tré
thanh CaO tu do kém 6n dinh vé thé tich anh
huéng dén sy phat trién vé& cudng d6 cua dat.
Trong khi d6, hi€u qua vé mit cai thién cuong do

s& tot hon voi cac loai xi mang c6 ham lugng
Al,O3, SOz lon.

Dong thoi két qua nghién ctru ciing 1am rd sy
phat trién cuong do cua vat liéu VSL 1a do sy hinh
thanh c4u tric vi md tir qué trinh thiy hoa xi mang
sinh ra cac hop chdt CSH, CAH, CaCOs, Ca(OH).,
CaS04 2H,0, trong khi d6 polymer co vai tro hap
thu nudc, tao chat keo lién két cac hat nhd hinh
thanh cac ¢ hat khac nhau, gop phan tao nén khung
két cau dic chic cua dat, dugc thé hién trén cac hinh
anh SEM véi d¢ phong dai 1én dén 3000 lan.

TAI LIEU THAM KHAO

[1] GS. TS Lam Minh Triét (2010), “Nghién citu
dé xudt céng nghé xir Iy, tan dung bin thai va
nude tach bin tir cde nha may cap nuée ciia
TP H6 Chi Minh”, Sé Khoa hoc va Cong
nghé TPHCM, s6 CD11000067.

[2]. GS.TS Nguyén Vian Phudc (2015), “Nghién
citu phuwong an tai sw dung bun thdi tie hé
thong xir Iy nuée, nuée thai va xi thdi”, S&
Khoa hoc va Cong nghé tinh Binh Duong.

[3] Estabragh, A. R., Khatibi, M., Javadi, A. A.
(2016). Effect of cement on treatment of a clay
soil contami-nated with glycerol. Journal of
Materials in Civil Engineering, 28(4).

[4] Pham Tri Thuc, Phan Huy Dong (2019)
Reusability of muds dredged from lakes in
Hanoi City from its geotechnical engineering
characteristics, CIGOS 2019, Innovation for
Sustainable Infrastructure, Lecture Notes in
Civil Engineering page 805-810, Springer
Nature Singapore Pte Ltd. 2020.

[5] Phan Huy Dong (2017), Study on some
physical and chemical properties of sludge
samples dredged in Hanoi and propose
solutions  for recycling sludge into
materials, Vietnam Construction Magazine,
page 263-267.

[6] M.Kitazume and K.Hayano (2007), Strength
properties and variance of cement-treated
ground using the pneumatic flow mixing
method, Soil  Stabilisation  Division,
Department of Geotechnical and Structural
Engineering, Port and Airport Research
Institute, Japan.

[7] M.Kitazume (2016), The Pneumatic Flow
Mixing  Method, Tokyo Institute of
Technology, Japan.

[8] Phan Huy Dong, Kimitoshi Hayano (2012),
New solution to treat dredged sludge into
grain-shaped backfill material used in
construction, Geotechnical Journal Vol.3,
page 60-68.

499



Hgi nghi khoa hoc qudc 1é Ky niém 60 nam thanh ldp Vién KHCN Xady dung

(9]

ASTM D 698 (1998). Standard test method
for laboratory compaction characteristics of
soil using stan-dard effort (12,400 fi-Ibf/fi’
(600 kN-m/m’). American Society for Testing
and Materials, Americ.

[10] TCVN 9403:2012. Quy trinh gia c6 nén dat

[11]

[12]

[13]

yéu - Phwong phdp tru dat xi mang. B6 Khoa
hoc va Cong nghé Viét Nam.

ASTM D 2166. Standard Test Method for
Unconfined  Compressive  Strength  of
Cohesive Soil.

TCVN 141:1998. Xi mang - phuong phdap
phan tich hoa hoc. By Khoa hoc, Cong nghé
va Moi truong Viét Nam.

Mengue, E., Mroueh, H., Lancelot, L., Eko,
R. M. (2017). Physicochemical and
consolidation  properties of compacted

[15]

[16]

500

lateritic soil treated with cement. Soils and
Foundations, 57(1):60-79.

Mousavi, S. E., Wong, L. S. (2016).
Permeability characteristics of compacted and
stabilized clay with cement, peat ash and silica
sand. Civil Engineering Infrastructures Journal.

Onitsuka, K., Modmoltin, C., Kouno, M.,
Negami, T. (2003). Effect of organic matter on

lime and cement stabilized ariake clays.
Doboku Gakkai Ronbunshu, 2003(729):1-13.

Nontananandh, S., Thakon, Y., Sanupong, B.
(2005).  Scanning electron  microscopic
investigation of cement stabilized soil.
National conference on civil engineering,
Citeseer, 10:23-2.





