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Tém tit

Nghién ctru nay danh gia kha nang sir dung bot gdm st (BGS) duoc nghién min tir phé thai gdm st va thiét bi
v¢ sinh trong san Xuét xi mang. Cac quy luat anh hudng cia ham lugng 10, 20, va 30% bt gém st dén cac tinh
chat cua chit két dinh (CKD) xi mang hdn hop da dwoc phan tich. Mic di bot gdm sir ¢6 hinh dang khong déu
va cac canh sic, nhung bé mat thay tinh, d6 rong X6p thép va kha tro vé& hoa hoc nén bot gém sir lam tang nhe
3,2-4,8% luong nudc tiéu chuén, giam 11,4-27,7% d6 nhét va kéo dai thoi gian dong két ciia hd CKD. Két qua
nghién ctru cho thiy bt gdm st hoan toan c6 thé sir dung lam phu gia khoang hoat tinh cho xi mang do chi s6
hoat tinh cudong do ¢ tudi 7 va 28 ngay déu dat 16n hon 75% theo TCVN 6882:2016. P9 hat nudc ciia mau vira
tiéu chuén tang 40,4-53,2% khi sir dung bot gbm sir thay thé xi mang tir 10-30%. Con do hut nudc mao quan
sau 24 gio ting 10,8% & ty 16 thay thé 10%; nhung lai giam 10,8-16,9% khi ty 1é thay thé 20-30%. Diéu nay
chimg t6, tiy thuoc vao ham lugng thay thé, BGS c¢6 thé han ché hinh thanh 156 rdng mao quan va giam kich
thudc 18 rdng nhd vao hiéu ting 1ap dy va cac san pham phan tmg puzolan.

Tir khod: bot phé thai gdm st (BGS); phu gia khoang (PGK); d nhot; chi sé hoat tinh cuong do; do hiit nude
mao quan.

INFLUENCE OF GROUND SANITARY WARE WASTE ON CEMENTITIOUS BINDER PROPERTIES
Abstract

This study evaluated the possibility of using finely ground sanitary ware powder (SWP) from ceramic waste
and sanitary ware in cement production. The influence of 10, 20, and 30% SWP on blended cement properties
were analysed. Although SWP has an irregular shape and sharp edges, its glassy surface, low porosity and
chemical inertness allow SWP to slightly increase the standard water content by 3.2-4.8%, reduce the viscosity
by 11.4-27.7% and prolong the setting time of the binder paste. The results show that SWP can be completely
used as an active mineral additive for cement because the strength activity index at 7 and 28 days is greater than
75% following TCVN 6882:2016. The water absorption increased by 40.4-53.2% in mortar samples containing
10-30% SWP-replaced cement. The capillary water absorption after 24 hours increased by 10.8% at a 10%
replacement rate; but decreased by 10.8-16.9% at a replacement rate of 20-30%. This demonstrates that,
depending on the replacement content, SWP can limit the formation of capillary pores and reduce pore diameter
thanks to the filling effect and pozzolanic reaction products.

Keywords: sanitary ware powder (SWP); mineral additive; viscosity; strength activity index - SAI; capillary
water absorption.
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1. Gioi thiéu

Phu gia khoang (PGK) 1a vat liéu v co ¢6 ngudn gdc tir tu nhién hodc nhén tao thudng & dang
nghién min va dugc dua vao trong qua trinh tron nham cai thién thanh phan cd hat va cau triac cua da
*Tac gia dai dién. Dja chi e-mail: kientt@huce.edu.vn (Kién, T. T.)
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xi mang, bé tong va vira. Tuy theo mirc dJ hoat tinh, PGK duogc chia lam PGK hoat tinh va PGK dﬁy
theo tiéu chuin Viét Nam TCVN 6882:2016 [1]. PGK hoat tinh la loai phu gia ¢6 6 min cao, c6 ham
luong SiO; hodc Al,O3 ¢ dang hoat tinh cao. Vi véy khi sir dung PGK hoat tinh thay thé mot phan xi
ming, cac thanh phan hoat tinh SiO, cua phu gia s& két hop v6i Ca(OH), tao thanh do thiy hoa cac
khoang cua clanhke xi mang Pooc ling lam giam ndng o Ca(OH), c6 trong da xi ming, dong thoi
sinh ra cac khoémg c6 loi cho cudong d6 da xi mang. Ngoai ra, cdc PGK vdi dd min cao con co tac
dung lap déy 16 réng nho, giam d6 thAm hut nudce, 1am ting do dic chic, tang kha ning lién két trong
cAu trac cta vira va bé tong. Do do, viéc tron 1dn PGK vao trong thanh phan xi ming va bé tong s&
lam ting cudng do, ting d6 bén lau cua xi mang, vita va bé tong [2].

Trong khi d6, xi mang 1a mot trong nhiing thanh phan quan trong nhét va dong vai tro 1a chat két
dinh dé san xuét vira va bé tong. San lwong xi ming ting déu din hang nim va tré thanh ngudn phat
thai CO, nhan tao 16n thi ba (chiém 8-10% tong CO, do con ngudi tao ra) [3], sau CO va céac kim loai
ning khac. Vi vy, giam lugng clanhke xi mang sir dung 1a mot trong nhiing chién luoc quan trong
nhat dé chéng lai sy bién d6i khi hau va giam cac tac dong xau dén moi trudng ciia qua trinh san xuat
xi mang, bé tong. Cac loai vat li€u thay thé xi mang phé bién nhu: Xi 10 cao nghién min, thach cao,
tro bay, dat puzolan, tro trau, silica fume, ... Dic biét, viéc st dung cac vat liéu thay thé xi mang tur
ngudn phé thai cong nghiép lam PGK cho xi mang di dat két qua kha quan va duoc ing dung rong
rdi trong thyc té [2].

Tai Viét Nam, qua céc tai liéu nghién ctru cho thay phé thai xay dung va pha d& cong trinh (PTXD)
phat sinh ngay cang nhiéu, nhung cong tac quan ly chua duoc quan tim, lugng PTXD duoc tai ché
con kha thap [4, 5]. PTXD la vat liéu thai chu yéu phat sinh trong qué trinh xay dung, pha d& cac toa
nha va du an co so ha té”lng, hodc tir qua trinh stra chira, cai tao va pha do cong trinh [6]. Hién nay da
cc') nhiéu nghién ctru tai str dung PTXD cho cac muyc dich khac nhau nhu 1am cap phéi vat liéu san lap,
nén mong cua mat duong glao thong [7, 8], cbt liéu san xuét cac ciu kién bé tf)ng, bé tong cdt thép
duc sin [4, 9]. Cot liéu tai ché co thé sir dung cho san xuét gach khong nung, vira tiét kiém tai nguyén
dat sét va giai quyét bai toan vé méi trudng cua viée pha d cac cong trinh xay dung [10]. Dé dam
bao chét lugng cua cbt lidu tai ché va cép phéi vét lidu tai ché tir PTXD, mot sd tiéu chuin Viét Nam
(TCVN) ciing di duoc ban hanh nhu: TCVN 11969:2018 vé c6t liéu 16n tai ché tir PTXD dé sir dung
cho san xuat bé tong, TCVN 13694:2023 vé cap phdi vt liéu tai ché tir chat thai rén xay dyng lam
16p méng dudng giao théng do thi, dudng 6 to va duong giao thong nong thon. Nhung khi san xuét
bt liu tai ché cling lam phat sinh lugng 16n bdt min phé thai chua duoc tan dung hi€u qua va chua
¢6 nhiéu nghién ctru vé sir dung PTXD nghién min 1am PGK cho xi mang va bé tong [11].

Thanh phan vt liéu ctia PTXD bao gdm chii yéu 1a cac manh vun bé tong tir cac két cau bé tong va
bé tong cdt thép, cac manh gdm st tir cac két cAu tuong xdy va gach bp lat, cac thiét bi gdm st vé sinh
(PTGS), bun dit, ... [5]. Trong cac thanh phan trén, PTGS la thanh phan thudng dugc tach ra trudce
khi pha d& cong trinh hogc dé dang tach ra khoi hdn hop PTXD. Cho nén hoan toan c6 thé ning cao
hiéu qua sir dung va gia ting gia tri cho PTGS néu dugc nghién min dé 1am PGK cho xi mang. Trén
thé gidi dd c6 mot s tac gia nghién ciru kha nang sir dung PTGS lam cdt lidu tai ché trong san xuét bé
tong [9, 12—14]. Gan day, mot s6 nghién ctru da chi ra rang PTGS 13 ngudn nguyén liéu c¢6 ham luong
16n SiO; hoat tinh nén c6 thé sir dung lam PGK thay thé mot phan xi mang [11, 15-17]. Medina va
cs. [15] da nghién ctru anh hudng ctia 10 va 20% bot PTGS, bot PTXD thay thé xi mang dén d6 nhét
va sy thity hoa ciia chat két dinh (CKD) hdn hop. Két qua cho thdy hoan toan c6 thé sir dung cac loai
phé thai nghién min nay dé ché tao CKD. Mirc d6 va quy luat anh hudng cua hai loai bot phé thai nay
dén do nhét va toe do thiy hoa cia CKD 1a trai nguoc nhau. Gan déy, Pitarch va cs. [17] di thay thé 0
dén 50% xi mang bang ba loai bot phé thai gdm (phé thai gach dé dat nung, gach gém bp lat, PTGS)
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va nhén thay rang cac loai bot phé thai gdbm (BGS) déu c6 hoat tinh puzolan, hoat tinh nay dong vai
tro quyét dinh trong viéc cai thién tinh chit co hoc ciia CKD theo thoi gian bao dudng. Co thé thiy
rang, cac nghién ctru sit dung PTXD nghién min, dic biét 1a BGS dé lam PGK cho xi ming con kha
han ché, quy luat anh huong cua BGS dén tinh chat hdn hop CKD con mau thuin chwa thong nhét va
hiéu tmg puzolan, hiéu tmg 1ip ddy trong qua trinh thiy héa rin chic cia CKD con chua duoc lam
sang to.

Do d6, bai bao nay s& tap trung nghién ciru sir dung PTGS nghién min (BGS) tir cac thiét bi gém
sir vé sinh cii dé lam vat liéu thay thé xi mang nham gia tang gia tri va tan dung t6i da nguén PTGS
trong san xuét cac loai CKD xi mang than thién vi moi trudong & Viét Nam. Cac quy luat anh huong
ctia ham luong 10, 20, va 30% BGS dén luong nudc tiéu chudn (N,.), thoi gian dong két va d6 nhét
ctia hon hop CKD xi mang duogc tip trung nghién ctru. Bén canh do, cac hiéu ung puzolanic va hi¢u
g 1ap day ctia BGS ciing dugc danh gia thong qua sy thay ddi chi sb hoat tinh cuong do, hém lugng
Ca(OH)z va CaCOj3 trong da CKD; cling nhu do hut nudce va dd hut nudc mao quan clia mau vira tiéu
chuan. Két qua cua nghlen ctru nay khong nhung la co s& khoa hoc ctia viéc tan dung BGS lam PGK
san xuat xi mang, gop phan tang ty 18 tai ché PTXD, ting vong doi cua vat lidu xay dung, ma con giam
luong chét thai ton chira, giam tiéu thy tai nguyén khong tai tao, dong thoi thiic ddy san xuat CKD xi
ming bén viing.

2. Vit liéu va phuwong phap nghién ciru
2.1. Vat liéu sir dung

Xi miang str dung trong nghién ciru 1a xi mang poéc ling thuong PC40 Thing Long (XM). Két
qua tinh chét k§y thuit cia xi mang dat mac PC40 theo TCVN 2682:2020 [18] (Bang 1). Cat sir dung
dé ché tao mau vira tiéu chuan nham xac dinh cudng do va chi s hoat tinh cuong d6 cua xi mang va
CKD hén hop 1a cat tiéu chuén ISO theo TCVN 6227:1996 [19]. Nuéc str dung 1a nudc may ding
trong sinh hoat.

Bang 1. Tinh chit co 1y cua xi mang va bot gdm sir

STT Chi tiéu Phuong phap thi nghiém XM BGS
1 Khdi lugng riéng, g/cm’ TCVN 13605:2023 [20] 3,08 2,57
2 D6 min Blaine, cm?/g TCVN 13605:2023 [20] 3620 3810
3 Luong nudc tiéu chuan, % TCVN 6017:2015 [21] 31,0 32,5
4 Thoi gian dong két: TCVN 6017:2015 [21]

Bit dau dong két, Thgax (phiit) 120 -

Két thiic dong két, Tiuak (phut) 180 -
5 Cuodng d6 nén, MPa: TCVN 6016:2011 [22]

3 ngay 30,4 -

28 ngay 49,9 -

T Bang 1 cho thdy XM c6 khdi lugng riéng 16n hon BGS, dong thoi lugng nudce tidu chudn (Ny.)
ciia BGS cao hon 4,8% so voi XM. Diéu nay la do BGS c6 ty dién tich bé mat 3810 cmz/g, cao hon
s0 v6i XM 1 3620 cm?/g nén luong nudce cin bao boc va boi tron bé mit hat BGS dé tao do déo tiéu
chuan ting lén.

Phé thai gbm str (PTGS) 1a céc thiét bi vé sinh cii trong cac cong trinh dan dung dugc thu gom
tr bai phé thai hodc cac cong trinh chuén bj pha do& tai khu vye Hai Ba Trung - Ha Noi. Sau d6 dugc
dap so bo (d < 10 mm), rira va cho vao ta sdy mot ngay, PTGS dugc chuyén sang may nghién bi dé
nghién min thanh bot phé thai gém st (BGS) ¢6 d6 min twong dwong so v6i dd min ciia xi ming va
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sau d6 dugc luu glu trong tai kin. Két qua thanh phan hat ctia XM va BGS bang phuong phap phan
tich laser duoc thé hién ¢ Hinh 1. Ttr Hinh 1 cho thdy BGS c6 kich thudc hat trung binh gan twong
dwong véi XM. Kich thudc hat trung binh ciia XM 13 21,7 um va c6 ty 1¢ phan trim duong kinh dudi
90 um 1a 98,3% con ciia BGS tuong tmg 13 28,6 pm va 94,2%, cao hon XM khong nhiéu. Ca XM va
BGS déu co ty 18 lot sang tai duong kinh 90 pm 16n hon 85% nén dat yéu ciu dd min cta vat lidu chat
két dinh.
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Hinh 1. Thanh phan hat cia XM va BGS

Két qua thanh phan hoa hoc va thanh phan khoang vat cia XM va BGS theo phuong phap nhiéu
xa ronghen (XRF, XRD) dugc thé hién & Bang 2 va Hinh 2. Tir Bang 2 cho thy thanh phan héa hoc
cua BGS va cia XM khac nhau khé 16n. BGS ¢6 ham lugng Al, O3 = 23,78%, SiO; = 65,8% cao hon
nhiéu so v&i XM (twong tng chi 14 6,62% va 18,21%). Nhung ham lugng CaO trong BGS lai thap
hon nhiéu so véi XM; SO3, K> O c6 xuat hién nhung ham lugng khong déng ké. Két qua nay phu hop
vo1 dac tinh thanh phé"m hoéa cua cac nguyén li¢u san xuét, BGS duoc san xuét tir nguyén liéu chinh
1a dat sét c6 ham lugng SiO, va AL, O3 cao, con XM dugc san xuét tir nguyén lidu chu yéu l1a da voi
¢6 ham lugng CaCOj3 cao. Hon nita téng ham Iwgng SiO; + Al O3 + Fe; O3 trong XM chi 1a 28,38%
trong khi BGS 1a 92,23% nén XM c6 hoat tinh thiy lyc, con BGS 1a PGK hoat tinh tiém nang. Tham
chi BGS c6 thanh phan hoa dat yéu cau lam vat liéu puzolan theo ASTM C618-19 [23]. Tuy nhién do
ham lugng SiO; nho hon 85% nén khong thudc loai PGK hoat tinh cao theo TCVN 8827:2011 [24].

Bang 2. Thanh phan héa hoc cia XM va BGS

Vé’[ liéu A1203 Si02 SO3 KZO CaO F6203 Khac
XM (%) 6,62 18,21 3,64 0,71 66,21 3,55 1,16
BGS (%) 23,78 65,80 - 3,29 2,51 2,56 1,97

Tir két qua phan tich XRD cho thiy trong XM c6 3 thanh phan khoang vat chinh dugc xac
dinh gém 65,2% Alit (3 CaO - Si0,); 30,4% Canxi Alumino Ferit (AlCa;FeOs) va 4,4% da thach cao
(CaSOy - 2 H,0) con trong BGS khong xuat hién cac khoang vat ciia XM (Hinh 2). Piéu nay ching
t6 BGS khong c6 hoat tinh thuy lyc nhu XM. Cac khoang chinh ctia BGS bao gom 36,3% thach anh
(Si03); 47,9% Mullite (Al;Si04) va 7,9% Pseudo-Wollastonite (CaO - SiO»). Két qua nay phu hop
v6i nghién ctru cua Pitarch va cs. [17] do khoang Mullite dugc tao ra tir qua trinh nung st ¢ nhiét do
cao. Tuy nhién do trong BGS vén con thanh phan SiO, nén né c6 thé ¢6 chira SiO; v6 dinh hinh va
mang lai kha ning phan tmg puzolan néu duoc sir dung trong hén hgp CKD xi ming.
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Hinh 2. Két qua phan tich XRD ciia XM so sanh v6i BGS

2.2. Cdp phdi sir dung

Dua theo yéu ciu cta cac TCVN vé PGK cho xi mang [1], bé tong va vira [24], ciing nhu tham
khéo mot sb nghién ctru trude day [15-17], cac ham lugng BGS thay thé XM duoc st dung 1a 10, 20,
30% khdi luong dé danh gia anh huong ctia ham luong BGS dén cac tinh chét ctia hdn hop CKD va
CKD d4 ran chic. Bé xac dinh cuong do nén ti€u chuén va chi sb hoat tinh cuong do, dé hut nudc, do
huat nude mao quan khi sir dung ham lugng BGS khac nhau, cac cap phéi vira tiéu chuin da dugc sir
dung theo TCVN 6016:2011 [22] (Bang 3). Ty 1¢ nuéc/CKD dugce gitr ¢d dinh 14 0,5 trong tit ca cac
hén hop CKD va hdn hop vita tiéu chuan c6 hoic khéng c6 BGS.

Bang 3. Thanh phan cap phéi vira tiéu chuan str dung XM va BGS & céc ty 1¢ khac nhau

STT Ki hi¢u cap phdi BGS, g XM, g Cét tiéu chuan, g Nudc, g
1 XM 0 450 1350 225
2 10BGS 45 405 1350 225
3 20BGS 90 360 1350 225
4 30BGS 135 315 1350 225

2.3. Phuong phdp nghién ciru

Céc phuong phap nghién ctru tiéu chuin duoc str dung trong nghién ctru bao gom: xac dinh luong
nuéce tiéu chudn (N,.) va thoi gian dong két ciia hdn hgp CKD theo TCVN 6017:2015 [21]; két qua
thi nghiém 14 gia trj trung binh cua hai 1an thi nghiém. Cudng do nén va chi sb hoat tinh cuong do cia
mau vita tidu chuan dugc xac dinh theo TCVN 6016:2011 [22] va TCVN 6882: 2016 [1]. B9 hut nude
va d6 hut nudc mao quan ciia mau vira tiéu chuan dugc xac dinh theo TCVN 3121-18:2022 [25]. Két
qua thi nghiém 1a gia tri trung binh cia ba mau vira tiéu chudn kich thude 40 x 40 x 160 mm. Chi s6
hoat tinh cuong d6 véi xi ming podc lang tudi 7 ngay hodc 28 ngay (Iz) 1a ty sé gitra d6 bén nén cia
mau vita xi mang Pooc lang pha 20% PGK & tudi 7 ngay hodc 28 ngay (Rp) va dd bén nén ctia mau xi
ming Poéc lang nén (khong pha phu gia) & tudi 7 ngay hodc 28 ngay (R4) twong tng, tinh bang phan
tram (%), dugc xac dinh theo cong thire (1):

Rp

Ig = — x 100 1
=R M

Céc phuong phap nghién ctru phi tiéu chuan nhu sau:
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a. Phuong phép xéc dinh d6 nhét

Nghién ctru stt dung may do d6 nhét DVNext Brookfield nhdm xéc dinh d6 nhét va su thay ddi do
nhét ciia hdn hop hé CKD theo thoi gian. May do do nhét Brookfield sir dung 14 loai truc quay canh
khudy. Nguyén tic hoat dong ctia may 1a do luc xodn can thiét @& quay mot truc khudy nhiing trong
hdn hop hd CKD. Truc khudy (kiéu kim quay) duoc diéu khién béi mot dong co thong qua mét 10 xo
da duoc hiéu chuén; do l1éch cua 10 xo dugc biéu thi qua luc x04n va hién thi trén man hinh k¥ thuat
s6. Gia tri ghi duoc bao gém d0 nhét va gia tri lyc x04n sau mdi 1an thir cach nhau 30 phut, trong 180
phut ké tir khi cho nuéc vao hdn hop CKD.

b. Phuong phap phan tich nhiét vi sai

Nghién ciru nay ciling st dung phuong phap phan tich nhiét trong lwong (Thermo Gravimetric-
TG) va phan tich nhiét vi sai (Differential Thermal Analysis-DTA) dé nghién ciru nhiét chuyén pha,
xac dinh hiéu g nhiét, nhan biét cac thanh phan phan tng trong mau CKD. Thiét bi TG-DTA 8122
Rigaku tai phong thi nghi¢m Dy an Satreps - Pai hoc Xay dung Ha Noi da dugc st dung. Cac mau
CKD duogc diic va bao dudng trong khudn sau 1 ngdy, sau d6 thio mau va bao dudng trong nudc t&i
céc tudi thi nghiém 1, 3, 7, 28, 90 ngay. Cac mau sau khi t6i tudi dugc dimg thiy héa bang phuwong
phap sdy 24 gio & nhiét 6 khoang 70-80 °C, sau d6 dugc nghién min nhanh trong khoang 30 phut
bang cdi chay st va sang qua sang 0,075 mm dé lay khoang 50-60 g lugng lot sang. Khéi luong cia
mdi mau thir khoang 20 d&én 30 mg, tbc d6 nang nhiét 1a 20 °C/phut tir nhiét d6 phong khoang 25 °C
dén 1000 °C. Sy thay ddi vé khdi lugng ciia mAu thir khi nhiét d6 nung ting 18n (%Am) duge xac dinh
va thé hién théng qua duong cong TG va DTG. Tai nhiét d6 xay ra qué trinh phan huy portlandite
(Ca(OH), —CH) va phan hay calcite (CaCO3) doc dugc gia tri lugng mét khéi lugng va trén duong
cong TG. Ham lugng % CH trong mau nghién ciru dugc xéac dinh theo cong thirc (2), trong d6 %Am
14 lwong mat khéi lugng khi phan hity portlandite trong khoang nhiét d tir 400-600 °C; Mc, Mu,0
1a khéi lugng phén tir cia CH va H,O (kg/mol).

M,
%CH = %Am; x MCH

H,O

(%) 2

Ham luong % CaCOj3 trong mau nghién ciru duge xac dinh theo cong thiic (3), trong d6 YoAm,
la lugng mét khoi luong khi phan huy calcite trong khoang nhiét d¢ tir 600-800 °C; Mcaco,, Mco, 1a
khéi lugng phén tir cia CaCO3 va CO, (kg/mol).

M
%CaCO; = %Amy x —C% (o) 3)
Mco,
c¢. Cac phuong phap khac

Céac miu XM, BGS ciing duoc xac dinh thanh phin khoang vt bang phwong phap quang phd
nhidu xa tia X (XRD); thanh phan héa str dung phuong phap phan tich quang phd huynh quang tia X
(XRF) nhim xé4c dinh ham lugng phéan tram cac oxit co mit trong cac mau XM, BGS. Phuong phap
nhiéu xa laser 1a phuwong phap duoc sir dung dé phan tich kich thudc hat, c& hat trong mau XM va
BGS. Phuong phap nay co thé xac dinh c& hat va su phén bd kich thudc hat cta cac hat trong mot dai
kich thudc rong trong khoang 11 nm - 5000 pm.

3. Két qua va ban luin
3.1. Anh huong ciia BGS dén tinh chdt ciia hon hop CKD

a. Luong nudc ti€u chuan va thoi gian dong két
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Anh hudng ciia ham luong BGS dén luong nude tiéu chuan (N,.), thoi gian bat dau dong két
(Tvaax) va thoi gian két thic dong két (Tiax) cua hdn hop hé XM va hé CKD c¢6 BGS dugc thé hién
trén Hinh 3. Két qua thé hién 1a gi tri trung binh cta hai miu thi nghiém. Tt Hinh 3 cho thay khi sir
dung BGS luong nudc tiéu chuén cta hdn hop hd XM tang l1én 14 rét. Cu thé, lwong nudce tiéu chuin
ctia XM 1a 31,0%; nhung khi sir dung 10, 20 va 30% BGS thay thé XM thi lugng nude tiéu chuan cia
hdn hop hd CKD lan luot 13 32%-32,5% (ting 3,2+4,8%). Do cac hat gbm str c6 hinh dang goc canh
[16, 26] va ty dién tich bé mit cao hon hat clanhke XM (Bang 1) d4 lam ting lwong nudc can thiét dé
bao boc va bdi tron dan t6i lugng nude tiéu chuan ting. Két qua nay mau thudn voi cac nghién ciu
[17, 27]. Piéu nay c6 thé 1a do hat BGS trong nghién ctru nay c6 kich thudc tho rap hon so véi hat
BGS st dung trong céc nghién ctru cua Pitarch va Ferrara.

Déi voi thoi gian dong két, ca thoi gian bat dau dong két va thoi gian két thic dong két cua cac
hdn hgp CKD déu c6 xu hudng ting 1én khi sir dung BGS so véi mau hd xi mang (Hinh 3). Tpgax va
Tiax cia XM chi 1a 120 phut va 180 phut, con cua hon hgp CKD sir dung 10-30% BGS ¢6 Thaq 12
130-155 phut (ting 8,3+29,2%), Tiak 1a 185-215 phut (ting 2,8+19,4%). Diéu nay c6 thé do luong
XM giam d3 1am giam toc d6 phan ung thiy hoa va BGS déng vai tro 1a chit tro khong thuc hién
hydrat héa trong qua trinh déng két cia hdn hop CKD [15, 28].

C—INtc, % —eo—Tbddk, phit —m— Tktdk, phut 1200

[ ]
250 r 33,5 XM
[ |
I s 1000 10BGS
200 4 -r/l/l T #20BGS
E —" 32,5 _‘(5 800 30BGS
[=®}
Siso /ff 320 E °
B —— - = =
A2 Lo | | D =
gn I/ I @' = _Jé 600
® o ]
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g o 400
) 310 &
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Ham luwong BGS, % Thoi gian, phut
Hinh 3. Anh huéng ciia BGS dén lugng nuéce Hinh 4. P9 nhét ciia hd XM va CKD sir dung 10%,
tiéu chuan va thoi gian dong két ctia ho CKD 20%, 30% BGS theo thoi gian

b. Bd nhot

Su anh hudng cia ham lugng BGS dén d0 nhét hdn hop hd CKD theo thoi gian dugc thé hién qua
Hinh 4. Két qua thé hién 14 gia tri trung binh ciia hai mau thi nghiém. C6 thé thay rang, d6 nhét cua
hd CKD c6 BGS ludn thap hon do nhét cia hd XM & tat ca cac thoi diém do. D6 nhdt cua hd XM
va hd CKD sir dung 10%, 20%, 30% BGS & thoi diém ban dau 1an lugt 1a 474 cP, 420 cP, 380 cP va
342 cP (thap hon 11,4-19,8%). Diéu nay ching t6 mic di hat BGS c6 hinh dang goc canh nhung bé
mit hat c6 cdu trac thiy tinh, 15 rdng it lai lam giam tmg suat cit va d6 nhdt ciia hdn hop hd CKD co
BGS [15, 17]. Tuy nhién sy tang d6 nhét cia hd XM cao hon su ting d6 nhdt cua hdn hop hd CKD
¢6 BGS theo thoi gian. O thoi diém 180 phut, dd nhét cia hd CKD sir dung 10%, 20%, 30% BGS lan
luot thap hon 8,8%; 19,6% va 27,7% so voi ¢ nhét ciia hd XM (866 cP) nhung ting twong tng 2,22
lan va 1,67-1,84 1an so v&i d nhot clia cac hdn hgp XM va CKD ¢ thoi diém 60 phuat. Diéu nay do
luong xi ming trong CKD giam da lam cho tdc do thuy hoa ciia hd CKD c6 BGS giam dang ké va dic
tinh thanh phan hoa hoc ctia BGS ¢6 chira cac oxit gan nhu khong phan ting véi nudce nén sy ting do
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nhét theo thoi gian ctia hdn hop hd CKD c¢6 BGS thap hon so voi ciia hd XM [15]. Két qua nay ciing
phu hop v6i quy ludt anh hudng cua BGS dén thoi gian dong két cia ho CKD.
3.2. Anh hwéng cia BGS dén tinh chdt ciia CKD da rdn chdc
a. B9 hat nudc va do hit nudc mao quan

Két qua d6 hut nudc theo khdi luong (H ) va do hut nudc mao quan (/) cta cac mau vira tiéu
chuan c6 va khong c6 BGS dugc thé hién qua Hinh 5 va Bang 4. Két qua the hién la gia tri trung binh
ctia ba mau thi nghiém.

4,5

oo

~

—o— XM 1 sau 24h
41 —a—10BGS
3,5 T —e—20BGS
3 30BGS
25

[=)}

IS
Do hut nude mao quan, x10-3 g/mm?

Hp%
[\S) w

Do hat nuwde mao quan, 103 g/mm?

(=}

0 50 100 150 200 XM 10BGS 20BGS 30BGS
Thoi gian, s'? Mau thi nghiém
(a) D hut nudc mao quan (b) B9 hat nude

Hinh 5. Anh huéng ctia BGS dén tinh hut nudc cia miu vira tiéu chuan & tudi 28 ngay

Béang 4. Két qua d6 hut nude mao quan ciia cac mau vira ti€u chuan

Do hut nude mao quan sau 24h

Mau vira Phuong trinh hoi quy Sai s0 binh phuong (x1073 g/mm?)

XM y =0,0221 Vi + 0,0322 R% = 0,9983 6,5
10BGS  y=0,0239 V7 +0,1583 R% = 0,9960 7,2
20BGS  y=0,0197 v +0,0271 R% = 0,9986 5,8
30BGS  y=0,0181V7+0,1014 R% = 0,9930 5.4

D6 hat nudc cia mau vira ting 1én rd rét khi ting ty 1é sir dung BGS. Khi ting ham lugng BGS
10, 20, 30% thi do hit nudc ctia mau vita tang 48,9; 40,4; 53,2% tuong Gng so voi mau dbi chirng
chi sir dung XM (4,7%). Piéu nay c6 thé do kich thudc hat BGS thd hon hat XM da lam ting tong 16
rong trong cAu tric vita (ca 16 rong hd va 16 rdng mao quan). Tuy nhién d§ hut nuéc mao quan sau
24 gid cia mau vira lai chi ting 10,8% khi sir dung 10% BGS, giam lan luot 1a 10,8% va 16,9% khi
st dung 20% va 30% BGS. Tbc d6 hut nude mao quan cua cac mau vita con duge thé hién qua hé $6
goc cuia cac phuong trinh hdi quy tuyén tinh & Bang 4. Tdc d6 hat nuéc mao quan ciia mau sir dung
10% BGS 12 0,0239 x 10~ g/mm? s'/? (ting 8,1%) so v&i mau dbi chimg 0,0221 x 1072 g/mm? s'/2,
nhung cia mau sir dung 20% BGS va 30% BGS lai chi dat 0,0197 x 10~ g/mm? s'/? v4 0,0181x 1073
g/mm? s'/2 (giam 10,9% va 18,1%). Viéc giam do hut nwéc mao quan trong mau vita sir dung 20% va
30% BGS c6 thé do hiéu qua 1ap day 16 rdng, han ché hé thng 15 rdng hé théng nhau trong cau tric
d4a CKD va vira dé rin chic cua thanh phan hat min c6 kich thuéc nho hon hat XM da phat huy tac
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dung [29]. Vi vay c¢6 thé két luan rang viéc sir dung ham lugng BGS thich hop sé& cai thién kha ning
chdng tham nudc cua vira. Hoat tinh puzolan va hiéu tmg dién day ctia BGS di cai thién hé thong 15
rong hé va 1am giam kha nang héap thy nude cia CKD xi ming.
b. Cuong do nén va hoat tinh cudong do

Cudng d6 nén theo thodi gian bao dudng & tudi 3, 7, 28 ngay clia cic mau vira tiéu chuan st dung
XM va ham luong BGS thay thé khac nhau duogc thé hién qua Hinh 6(a). Két qua thé hién 1a gia tri
trung binh ctia ba mau thi nghiém. Két qua so sanh cudng do nén véi mau déi chimg str dung 100%
XM va chi s6 hoat tinh cudng d6 & cac tudi bao dudng duoc thé hién trén Hinh 6(b).

60 7 120 T

% ‘;\§\
Z —

00 §

N
(=]
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(=]
!

Cuong d6 nén, MPa
(3% w
(=} (=}
Ty 1€ cuong do nén, %
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——28 ngay 0
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(a) Cuong d6 nén (b) Ty 1& cudng dd so véi mau dbi ching

Hinh 6. Anh huong ciia BGS dén cudng d6 nén ¢ tudi 3, 7 va 28 ngay bao dudng

R& rang cudng do nén ctia mau vira c6 chira BGS giam dan khi tang ty 1¢ BGS thay thé XM nhung
mtrc dﬁ suy giam tuy thudc vao ham luong thay thé va thoi gian bao du(mg (Hinh 6(a)). Cuong do nén
clia mau vira giam 15,5% = 30,0% & tudi 3 ngay; 3,5% = 23,9% & tudi 7 ngay va 11,4 +19,3% & tudi
28 ngay. Diéu nay phu hop vai cac két qua nghién ciru trude do [28]. Nhung mau vira sir dung 10%
BGS 6 tudi 3 ngay c6 két qua cudng do nén cao hon 3,3% so voi mau XM dbi chimg. Mot sé nghién
ctu da chira rz"mg do BGS c6 hoat tinh th:?ip hon so v&i XM, dan dén luong san phém thay hoa tao
ra it hon trong XM va lam giam cuc‘)'ng d6 cta mﬁu viia [17, 26, 28], ngoai ra BGS ¢6 kich thudc hat
16n hon ciing c6 thé lam tang d6 rong xop trong céu triic da CKD [11] hodc c6 d6 hut nudc cao [30]
da dan t6i cuong d6 ctia miu vita tiéu chuan giam. Muc d6 suy giam cudng do nén ciing giam dan
theo thoi gian bao dudng do qué trinh phan tmg puzolan gitra BGS véi san phdm thay hoa ciia XM
(Ca(OH),) da phat huy hiéu qua va thé hién rd rét khi tang thoi gian bao dudng [17, 26]. Hon nira,
cudng d6 nén tiéu chuan cua cac mau vira st dung 10, 20, 30% BGS lan luot 14 44,3; 39,9; 40,3 MPa
dat 16n hon hodc bang 40 MPa nén chiing té hoan toan c6 thé sir dung t6i 30% BGS ma van ché tao
duoc CKD xi mang hdn hop dat méc 40.

Khi ting ham luong BGS thay thé, ty 1& cuong d6 nén ctia mau vira c6 xu hudng giam (Hinh 6(b)).
Mau vita 10BGS cho két qua ty 1& cudng d6 nén cao nhét & tat ca cac tudi va dat 103,3% & tudi 3 ngay;
96,5% & tudi 7 ngay; va 88,6% & tudi 28 ngay. Didu nay chimg to c6 thé sir dung BGS lam PGK c6
hoat tinh cao cho vira va bé tong do ¢o hoat tinh cudong d6 & tudi 7 ngiy > 85%, mac du ty 1& cat trén
CKD cuia mau vira ny 1a 3,0 va ham luong SiO, chi dat 65,8% (Bang 2) < 85% [24]. Cudng d0 6 tudi
som (3 ngdy) ciia mau 10BGS dat cao hon mau déi ching chi sir dung XM c6 thé do sy c¢6 mit cia
BGS dong vai trd nhu phu gia tao mam tinh thé di thiic ddy qua trinh rin chic, lam ting toc do phat
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trién cudng do ¢ tudi sém [11]. P61 v6i miu vira o 20% BGS thay thé XM, chi s hoat tinh cuong
d6 & tudi 28 ngay dat 79,5% > 75% (Hinh 8(b)), thoa mén yéu cau vé chi s hoat tinh cudng do vai xi
ming cta PGK hoat tinh ding cho xi ming theo TCVN 6882:2016 [1]. Con d6i voi miu vira 30BGS
¢6 ty 1& cudng d6 nén so voi mau ddi chig giam manh, chi dat 1an luot 1a 70,0%; 76,1%; 80,7% &
cac tudi bao dudng 3, 7, 28 ngay. Diéu nay 1a do khi ty 1¢ thay thé 1én t6i 30%, luong XM it di nhiéu
dan dén luong san pham thuy hoa giam dang ké va hiéu qua phan tmg puzolan khong bu dip lai dugc
nén da lam cho cudng d6 nén bi giam manh [26].

¢. Phan tich nhiét vi sai TG-DTA

Biéu dd phan tich nhiét vi sai (Hinh 7) c6 thé chi 16 cc peak nhiét (trén duong cong DTA) va su
suy giam khéi luong (trén dudng cong TG) ciia cac mau CKD ¢ céc tudi bao dudng 1, 3, 7, 28 ngay.
Céc khoang nhiét do bao gdm: Peak 1 trong khoang nhiét d6 tir 30-300 °C: chi yéu xay ra 1a qua trinh
mét nuée ty do va nude hdp phu ctia mau va cc san pham thiy hoa. Khoang 30-105 °C: Nuégc bay
hoi va mot phﬁn nude lién két thoat ra ngoai. Nudc bay hoi thuong dugc loai bo hoan toan ¢ nhiét do
120 °C. Khoang 120-180 °C: xay ra qua trinh phan huiy thach cao (v6i phan ung thu nhiét kép), phéan
huy ettringite va mat nudc mot phan tir carboaluminate. Khoang 180-300 °C: mét nudc lién két tir sy
phan giai C-S-H va san pham thity hoa carboaluminate. Peak 2 trong khoang nhiét d6 tir 400-600 °C,
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Hinh 7. Biéu d6 phan tich TG-DTA ctia mau XM va CKD st dung BGS & cac tudi bao dudng
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R 0

san pham cua qua trinh thiy hoa XM la khodng portlandite (CH) bi phan hiy Ca(OH), 5 CaO+
H>O 7. C6 thé thdy cac mau da CKD sir dung BGS c6 phan traim mat khdi luong (Am) thap hon so
v6éi XM, dong thoi giam dan khi ting ham luong BGS thay thé. Peak 3 trong khoang nhiét do tir

0
600-800 °C, calcite bi phan giai CaCOs LN CaO+CO, 7.

Can ctr vao luong mat khdi luong %Am 25 7
tai qua trinh phan giai portlandite va phan giai i
calcite, nhom nghién ctru x4c dinh dugc ham lugong 20 +

Ca(OH), va CaCOs trong mau d4 chat két dinh &
cac tudi bao dudng, két qua cu thé duoc thé hién
trong Hinh 8 va Bang 5. Qua Hinh 8 ta thdy ham
lugng CH trong cac mau da CKD str dung BGS

15 14/

10 1

Ham lugng Ca(OH)2, %

thay thé xi r}léng déu thap hon 5-40% ham lugng XM

CH trong mau do6i ching sw‘Cr dung 100% XM. Ham e 10BGS
lwong portlar}dite giam qan khi ting héﬂm lgqng 57 —e—20BGS
BGS thay thé va tang tudi bao dudng. O tudi 28 : 30BGS
ngay, da CKD st dung 30% BGS c6 ham luong 0 +———
CH thép nhét, giam 43% so véi ¢4 XM. Diéu nay 0 10 20 30

’ . Thoi gian bao dudng, ngay
chung t6 ham lugng SiO, v6 dinh hinh c6 trong

BGS da thyc hién phan g puzolanic véi san
pham thiy hoa CH ciia xi ming, tir d6 1am giam
ham luong CH trong d4 chat két dinh [26].

Hinh 8. Anh huéng ctia BGS dén ham lugng
Ca(OH), quy ddi trong cic mau CKD

Bang 5. Ham lugng CaCO5 quy ddi trong miu CKD & céc tudi bao dudng

Ham lugng CaCO3 quy doi trong ¢4 CKD & céac tudi bao dudng, %

Mau
1 ngay 3 ngay 7 ngay 28 ngay
XM 2,8 0,7 - -
10BGS 3,5 1,5 - -
20BGS 9,6 34 3,1 -
30BGS 3,0 2,8 2,7 -

Két qua tir Bang 5 cho thiy cac miu da XM va ¢4 CKD st dung BGS déu ¢6 ham lugng CaCOs
& tudi 1 va 3 ngay 16n hon ham lugng CaCOj3 trong mau d6i ching. O tudi 7 ngay, miu da XM va da
CKD sir dung 10% BGS khong con khoang calcite. TAt ca cac miu & tudi 28 ngay khong con ghi nhan
su xuit hién khoang CaCOs. Vi vay, ham lugng canxit ¢ tat ca cac mau giam dan theo thoi gian va
gan nhu khong xuét hién khi mau bao dudng sau 7 ngay. Do cau tric rong clia miu va qué trinh bao
dudng mau da CKD nén mét lugng CO, trong khong khi da thyc hién qua trinh cacbonat hoa. Nhung
qua trinh thiy hoéa va silicat hoa (phan tng puzolan) trong mau CKD ngdy cang ting theo thoi gian
bao dudng da lam ting d6 ddc chic vi cau tric cua bé mat mau [14], dan t6i qua trinh cacbonat hoa
(ham lugng CaCO3) giam dan theo thoi gian bao dudng; cac miu co BGS thi qua trinh cabonat hoa
manh hon.

4. Két ludn

T cac két qua nghién ciru ¢ thé rat ra mot sd két luan nhu sau:

Hoan toan c6 thé st dung phé thai gom st nghién min lam phu gia khoang hoat tinh cho xi mang
v6i do min va chi s6 hoat tinh cudng do dat yéu cau theo TCVN 6882:2016.
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Do bot gém st ¢o ty dién tich bé mit 16m va hinh dang gbc canh, nhung bé mit tron nhin va tro
vé hoa hoc nén lam ting nhe lugng nudce tiéu chuan; giam do nhét; kéo dai thoi gian dong két (thoi
gian bit ddu dong két ting 8,3%-29,2% va thoi gian két thuc dong két ting 2,8%-19,4%) cua chat két
dinh xi ming Poéc ling hon hop.

Cudng d6 nén ciia mau vita tiéu chuan c6 bot gdm sur giam dan khi ting ty 18 thay thé xi ming
nhung mtrc d6 gidm tuy thudc vao san lwgng cac san phém thuy hoa CSH tao ra. Cu thé, cuong do nén
& 7 ngay clia mau vita str dung bot gém st giam 3,5%-23,9% con & tudi 28 ngay giam 11,4%-19,3%
tuong (mg voi cac ty 18 thay thé 1a 10-30%. Tuy nhién ¢ tudi sém (3 ngay), mau sir dung 10% bot
gbm sir c6 cuong d6 cao hon mau ddi chimg c¢6 thé 1a do bot gdm sir da thiic ddy phan tng tao mam
tinh thé, 1am tang tbc d6 phat trién cuong do.

D6 hat nudc cia mau vira tiéu chuin tang 40,4-53,2% va khi st dung 10-30% bot gém su thay thé
xi mang. B hit mao quan sau 24 gid tang 10,8% & ty 1€ thay thé 10%; nhung lai giam 10,8-16,9%
khi ty 18 bot gdm s thay thé 20-30%. Piéu nay co thé do thanh phan hat min trong bot gbm st da
phat huy tac dung cai thién do dic trong cau trac d4 xi mang va miu vira.

Ham luong khoang portlandite hinh thanh trong mau d4 chat két dinh giam dan khi ting ham
luong bot gbm st thay thé xi ming va tang thoi gian bao dudng. Nhung ngugc lai ham luong khoang
cacbonat lai ting theo ham luwong bot gdm sit thay thé va giam theo thoi gian bao dudng mau chat két
dinh xi mang.

Nghién ctru nay di tap trung danh gia anh hudng cta bot gdm st dén cac tinh chit cua hdn hop
ho chit két dinh va chat két dinh rén chéc ¢ tubi 3 dén 28 ngay, cin tiép tuc nghién ctru cac tinh chat
nay & tudi dai ngay va sy anh hudng ciia @6 min bot gdm sir dén cac tinh chit khac ctia hdn hop chat
két dinh va bé tong.

Lo&i cdm on

Nghién ciru nay dugc tai trg boi Truong Pai hoc Xay Dyng Ha Noi (HUCE) trong d& tai ma s6
21-2024/KHXD-TD; Tac gia tran trong cdm on dg &n SATREPS JPMIJSA1701 da hd tro cac thiét bi
st dung trong qua trinh nghién curu.
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