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Tém tat - Thay tinh tiv chai lo thai clia nganh y té dang la tac nhan
géy 6 nhiém moi trudng nwéc, khéng khi, d4t... do phuong phap
XU Iy loai rac thai nay chwa triét dé. Vai tinh chéat co hoc va thanh
phan héa hoc, thay tinh cé thé st dung nhw 1& mét phan thay thé
cbt lidu tho, cdt liéu min va xi mang trong ché tao bé téng, tao ra
hwéng xi ly rac thai bén viing. O dang bot da min, thay tinh thé
hién thudc tinh puzzolan va cé thé siv dung thay thé mét phan vai
tro xi mang trong bé tong. Trong nghién ctru nay, thay tinh thai
duwoc nghién thanh dang bét, v&i dd min dwéi 10% thong qua sang
90 um d& gidm moét phan xi mang st dung. Ham lwong bét thay
tinh thay thé 5%, 10%, 15% va 20% khdi lwong xi méng, nham
nghién ctru anh hwdng sw thay thé nay dén sw phat trién cuong
dé nén theo thoi gian va so sanh voi bé tdng thong thudng. Két
qua thé hién rang, khi thay thé 10% xi mang thi cudng do bé téng
kha tét va cé thé dwoc (rng dung vao thuc tién.

Tir khéa - bé téng; thay tinh thai y t&; bot thay tinh; cét liéu; cuwdng
dd chiu nén; d6 sut.

1. Rac thai thiy tinh va tinh hinh sir dung thiy tinh lam
vat liéu xay dung

Theo Tong cuc Mbi truong, hién mdi ngay cic co s
kham chita bénh trén ca nudc phat sinh khoang 340 tan chét
thai, muc ting chét thai y t& hién nay 1a 7,6%/nam. Nam
2015, lugng phét sinh chat thai vao khoang 600 tan/ngay.
Du kién dén nam 2020, tong luong rac thai 1a 800 tin/ngay.
Trong d6, hing ndm, lugng rac thai gdm chai, lo thily tinh
dung dugc pham y té dugc thai ra voi sb lwong 16n, chiém
khodng 3% [1]. Theo wéc lugng cua tic gid, Bénh vién
Trung wong Hué hing ngay thai ra khoang 300 kg chai thuy
tinh dung thubc y hoc, luong rac nay hién dang ton dong
tai bénh vién khoang hang trim tin. Phuong hudng xir 1y
chu yéu hién nay la thai truc tiép hodc xay thd va chon lap.
Phuong an nay doi hoi phai ¢6 noi xir 1y, quy dat chon lap
16n, chi phi cao (bao gdm thu gom, xir Iy ddt chay va chon
lap, nhan cong va van chuyén). Bén canh d6, rac thai y té
néu khong dugc xir 1y trigt dé s& gay 6 nhiém moi truong
va chit luong dit, nu6ce, ... anh hudng dén sirc khoe con
ngudi. VA phuong 4n nay ciing khong con bén vimng,

Nghién ctru tién hanh thong ké mét s6 nude c6 lugng
phat sinh thily tinh thi (trong d6 ¢6 thuy tinh thai y t&) mot
s6 nam dién hinh [2]. Theo thdng ké, nam 2010, tai My,
thiy tinh thai dat xap xi 4,6% trong tong san lugng chat
thai rin d6 thi (trong khi lwgng san xuat xap xi 20 triéu tén).
Nam 1999 - 2000, tai An Do, chét thai thuy tinh dat 2,1%
trong téng san lugng chét thai rin do thi. Tai Théd Nhi Ky,
trong 120.000 tén thi c6 80.000 tan thay tinh dugc tai ché,
con & Puec 1a khoang 3 triéu tén thuy tinh thai dwoc tai ché.

Abstract - Due to lack of effective recycled method, waste glass
collected from medical bottles may cause pollution of water, air and
soil. By possessing a high performance of mechanical and
chemical properties, this type of glass can be used as a partial
replacement for coarse aggregate, fine aggregate or cement in
manufacture of concrete toward a sustainable construction
industry. In powder form, glass possesses pozzolan characteristics
and can be used as a partial replacement of cement role in
concrete. In this study, medical glass is crushed into powder, with
a fineness of less than 10% through a sieve of 90 micrometers. In
order to reduce amount of cement, glass powder is introduced with
content of 5%, 10%, 15% and 20% by weight of cement
respectively. The aim is to study the effect of this substitution on
the development of compressive strength of concrete compared to
nominal concrete. The results show that with replacement of 10%,
the strength of concrete is the best and can be practically applied.

Key words - concrete; waste medical glass; glass powder;
aggregates; compressive strength; slump.

O Hong Kong, wdc tinh ¢6 xp xi 373 tin thuy tinh thai ra
mdi ngdy trong nim 2010. Nam 2002, vat liéu thuy tinh
thai & Dai Loan x4p xi 600.000 tin. Tai Viét Nam, hau nhu
chua c6 théng ké cu thé nao vé lugng chét thai thiy tinh
ndi chung va thuy tinh thai y té néi riéng.

Trén thé gidi, da c6 nhiéu nghién ctru vé viée sir dung
thiy tinh thai nhu kinh, bong dén, éng tia ca-tot, ctra so,
chai, lo... nhu mot vat liéu thir yéu lam c6t lidu trong san
xudt bé tong. Vi thiy tinh c6 ngudn gbc tir silicat nén
phuong 4n dung nguyén liéu nay xay nho dé lam vat lidu
xdy dyung 1a mot y tudng rét tt. Tung-Chai Ling, Chi-Sun
Poon, Hau-Wing Wong [3] béo c4o vé& phuong 4n chuyen
d6i thuy tinh thai thanh vat lidu c6 gia tri va mot sO ing
dung cta n6. Theo do6, thuy tinh nghlen min dén ¢ hat 75
-150 um c6 thé thay thé mot phan xi mang trong bé tong.
Mot s6 tng dung khac cua thuy tinh trong thay thé cbt lidu
16n, cbt liéu nho hay min co thé duogc su dung lam thanh
cac khdi block, ding dé lip via hé va tuong, bé tong, bé
tong tw dAm hay vita kién truc...

Viée sir dung thity tinh nghién nhu c6t liéu trong bé
tong xi ming Poocliang di c6 mot sd higu tng trai ngugc
trong thudc tinh ctia bé tdng. Tuy nhién, tng dung vao thuc
tidn van c6 thé duoc san xuat, tham chi st dung 100% thity
tinh nghién nhu cét liéu [4]. Batayneh Malek, Marie Iqbal,
Asi Ibrahim [5] nghién ctru sy ting dan cuong do chiu nén,
cuong d6 chiu kéo tach va cuong do chiu udn cua bé tong
¢6 chira thuy tinh nghién khi thay thé cat ty nhién véi ti 16
ham lugng 1a 5%, 10%, 15% va 20%. Borhan Tumadhir
Merawi [6] bao c4o ring, sy ting cao 15% trong cuong do
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chiu kéo tach clia bé tong & tudi 28 ngay co chira 20% khdi
luong thity tinh mau tai ché (c& hat 3 - 0,5 mm) thay thé
cat ty nhién. Cac nghién ctru khéc ciing dan dén két luan
rang, viéc sir dung thuy tinh thai 1am cot lidu thé trong bé
tong hay dé san xuét xi miang Poocling khong lam anh
hudng cuong d¢ nhung 1am gidm do sut, ham lugng bot khi
va trong lugng ctia bé tong tuoi [7].

Nhiéu nghién ciru ciing chi ra rang, gia tri cong thém cua
thuy tinh trong bé tong dat dugc t6t nhat néu n6 duge st dung
1am vét li¢u thay thé xi ming. Thuy tinh 1a vat liéu vo dinh
hinh véi ham luong silic cao, do d6 lam cho n6 c6 kha nang
xay ra phan g pozolanic khi kich ¢& hat nhé hon 75 pm [8,
9]. Ankur Meena va Randheer Singh di kiém tra anh hudng
ctia kich thudc hat ciia bot thiy tinh tir 150 pm dén 100 pm va
tir 100 um dén 50 pm dén d6 bén ctia bé tong. Quan sat thiy
kich thudc hat nho hon cua bdt thity tinh ¢6 hoat tinh cao hon
S0 vai voi, 1am cho cuong do nén cua bé tong cao hon. Bé
tong bot thity tinh min hon ¢6 cudng d¢ sém cao hon cuong
d6 muon [10]. Shilpa Raju va P. R. Kumar nhén xét ring, bot
thiy tinh thé hién hoat tinh puzolanic khi kich thuéc hat nho
hon 75 pm, trong khi thi nghiém dugc thyc hién bang bot thuy
tinh ¢6 kich thudc 45 pm. Cac két qua thur nghiém cho thay
cuong do nen tang do bot thuy tinh dugce nghlen rat min, c6
thé hoat dong nhu mot chét don hodc co thé co céc tinh chat
puzzolan di1 dé thay thé mot phan xi mang [11].

Tuy nhién, cac két qua kiém tra vin c6 nhitng hiéu tng
trai chiéu lién quan dén cac dic tinh twoi va dong cimg ciia bé
tong. Soroushian [12] két ludn rang, sy gia ting do sut c6 hé
théng khi tang ham lwong bot thay tinh trong hdn hop bé tong.
Nguoc lai, tinh chét bé tong dong ciing c6 mot sy cai thi€n vé
cuong do nén bé tong khi thay thé xi mang véi ham lugng
10% bot thiy tinh, dac biét la khi st dung bot thiy tinh c6 c&
hat nhé hon 90 pm. Vandhiyan da nghién ctru va két ludn
rang, su gia ting dang ké cuong d6 ban d4u & mAu chira bot
thuy tinh 15% da tang 29% ¢ tudi 7 ngay, cuong do giam
xubng con 23% & tudi 28 ngay so voi mau déi chimg [13]

Shilpa Raju, Dr.P.R. Kumar [11] da nghién ctru vé anh
hudng trong bé tong khi st dung thuy tinh dang bt theo cac
ti 16 thay thé xi ming tir 0% dén 40% (c6 sir dung phu gia
siéu déo ham lugng 2% khdi lwong xi ming). Két qua nghién
ctru chi ra ring, ¢6 su ting cudng do khi ting bot thuy tinh
dén ham luong 20%, day 1 cAp d6 t6i wu, c6 tinh kha thi cao
va khi vuot qué didu d6 thi bit du giam cuong do. Shao va
cong sy [14] da bao céo rang, thuy tinh dwoc nghién min hon
38 um sé co sy hoat dong cia puzzolan. Cuong do chiu nén
ctia hon hop thuy tinh — da véi cao hon gii han 1a 4,1 MPa.

Nhitng nghién ciru trén déu sir dung thity tinh thai noi
chung, cho thay nhitng loi ich nhat dinh vé cac dic tinh co
1y ctia bé tong. O day, bai bao chu yéu tap trung nghién ctru
sir dung chai, lo thuy tinh thai y t& (nghién ctru st dung
thiy tinh tring) dugc nghién thanh dang bot nhu mot vat
lidu thay thé cho mot phan cdt liéu xi mang, da va dang thu
hut sy quan tAm cta nhiéu nha nghién ctru. Cac nghién ciru
da chi ra ring, viéc dung bot thiy tinh thai thay thé mot
phan xi ming mang lai nhimng hiéu qua tich cuc nhu sau:

- Gop phan gidi quyét van dé 6 nhiém méi trudng do
cht thai ran, giam chi phi xir 1y chén lap...;

- C6 thé cai thién dang ké mot sb tinh chét co ban cua

hon hop bé tong va bé tong nhu: cudong do (neén, ubn), kha
ning chng tham nudc,

2. Chuong trinh thue nghiém
2.1. Vit li¢u sir dung

- Xi mang (XM): st dung xi mang Séng Gianh PCB40,
tinh chat hoa — Iy cua xi mang phu hop véi TCVN 6260:2009.

- bBa va cat: st dung da dam 1x2 (kich c¢& hat 16n nht
dmax = 20 mm) ctia mo da Hoc Khé tai Hoa Nhon, Da Ning
va cat vang song Ty Loan tai Hoa Phong, Pa Ning, c& hat
dudi 4,75 mm. Cac chi tiéu cot liéu duoe xac dinh theo
TCVN 7572:2006, dudng déc tinh thanh phan hat cua hai
cot liéu nay phu hop voi TCVN 7570:2006.

_ - Nudce (N): nu6e dung dé tron bé tong, tron vira, rira
cot liéu va bao dudng bé tong 1a nudc may sach tai Truong
Dai hoc Bach khoa - Pai hoc Ba Nang.

- Bot thuy tinh: cl}ai lo thay tinh dugc thu thép tir Bénh
vién Trung vong Hug va chi dung thuy tinh trang. Sau khi
ve sinh, thuy tinh duoc nghién ’thénh dang bot dam bao yéu
cau d¢ min theo tiéu chuan chat lugng k¥ thuat cia TCVN
6260:2009. D6 min dugc xac dinh thong qua phuong phap
str dung may thoi khong khi FSY-150 qua luéi sang loc 90
pum tai phong thi nghiém.

Thanh phan héa hoc cua bot thiy tinh dugc thi nghiém
boi Trung tam QUATEST 3, st dung phuong phap thu
mau qua tiéu chuan ASTM C169-16, két qua nhu Bang 1.

Bing 1. Thanh phan héa hoc ciia bét thiyy tinh theo % (m/m)

Tén chi tiéu Bot thay tinh (%0)
Ham lugng silic trong oxit SiO2 72,1
Ham luong Kali trong oxit K.O 1,04
Ham lugng natri trong oxit Na.O 11,1
Ham lugng canxi trong oxit CaO 9,53
Ham lugng magie trong oxit MgO 0,23
Ham luong sét trong oxit Fe203 0,49
Ham lugng nhdm trong oxit Al2O3 2,93
Ham lugng bo (B) 0,73

Bdng 2. Thugc tinh Iy cua bot thuy tinh

STT Thugc tinh Bot thiiy tinh
1 Mau bot Tréng
2 D6 min % lot sang (cd sang) 94,73 (90 pm)
3 Ty trong 2,42 -3,01

2.2. Thiét bi va dung cu thi nghi¢m

Céc thiét bj va dung cuy chinh phuc vu thi nghiém gém:

- May tron bé tong loai B150, dung tich danh dinh 150
lit, dung tich thanh pham 113 lit;

- Bo thiét bi con thir sut bé tong loai N1, thi nghiém phu
hop voi TCVN 3016:1993;

- Khuén giﬁc mau bé tong kich thuée 15x15x15 cm® va
thanh thép dam ¢16;1 = 600mm .

- Can Nhon Hoa 30 kg, sai $6 100 g; can dién tu véi
khéi lugng t6i da 13 15 kg, d6 chinh xéac 0,01 g;

- M4y nén mau bé tong loai 100 T, thi nghiém phu hop
v6i TCVN 3118:1993.
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2.3. Cip phéi mdu va nji dung thi nghi¢m

Cép phéi miu dbi chirg (ki hiéu PCB) dugc xay dung
trén co s& mac bé tong M250, dat cuong do tdi thiéu & tudi
28 ngay la 250 daN/cm? va hdn hgp bé tong c6 do sut 6 - 8
cm. Chét két dinh c6 tong khdi lugng 1a 100% xi ming va
nude, ham lwong bot thuy tinh 1a 0%.

Véi muc dich nghién ctru kha ning thay thé bot thiy
tinh thai y té cho mot phan xi ming, ching t6i dua ra 4 ti
1¢ thay thé 1a 5%, 10%, 15% va 20% tuong tng véi cic
mau cap phdi ki hiéu 1a 95PCB-5GP, 90PCB-10GP,
85PCB-15GP, 80PCB-20GP. Lugng nudc dung cho cép
phéi bot thuy tinh duoc gt nguyén nhu cAp phbi mau d6i
chiung PCB. Thanh phin ctia 5 cép phéi dugc miéu ta trong
Béang 3. Céc cbt liéu tho dugc thi nghiém dé xac dinh d6
4m, khéi lwong thé tich, thanh phan hat, mé-dun do 16n.

Bing 3. Bing thiét ké cap phdi bé téng

. Ky hiéu cap phéi
Thanh
phin pcp | 95PCB -|90PCB - | 85PCB - | 80PCB -
5GP | 10GP | 15GP | 20GP
XM (kg) | 27,28 | 2592 | 2455 | 2319 | 21,82
GP (kg) 0 1,36 2,73 4,09 5,46
Cét (kg) 51,57 | 51,57 | 5157 | 51,57 | 5157
Pa (kg) 9245 | 9245 | 9245 | 9245 | 9245
Nuée (lit) | 15,20 | 1520 | 1520 | 15,20 | 15,20
N/XM 0,56 0,59 0,62 0,66 0,70

Luwu y: Luong nuoc trong Bang 3 da dwoc diézuv chinh so voi
leong nwdc dinh mirc do lwong nudc trong cat (do am 2,45%) va
luong nuoc trong da (do am 0,4%).

Mdi cﬂép Phéi thiét ké duoc diic voi sb lugng 4 t6 miu
G 4 do tudi lan luot 1a 3, 7, 14 va 28 ngay, 1 t0 mau gom 5
mau. Qua trinh dic mau va bao dudng mau theo tiéu chuan
TCVN 3015:1993, céc t6 mau duge ngdm trong nudce cho
dén thoi diém dat d6 tudi thi nghiém.

Nbi dung thi nghiém bao gém:

+ Thi nghiém x4c dinh do sut ctia hon hop bé tong theo
TCVN 3016:1993;

+ Xac dinh va theo doi su phat trién cuong d6 chiu nén
cua bé tong 5 cap phoi trén theo cac do tudi 3 ngay, 7 ngay,
14 ngay va 28 ngay.

3. Két qua va thio luin

Két qua do do sut hdn hop bé tong dugc Idy trung binh
cac gia tri qua 3 lan do, thé hién trén Hinh 1.

Két qua Hinh 1 cho thiy rang:

+ Do sut hon hop bé tong cho cép phdi miu dbi chimg
PCB dat d6 sut theo yéu cau thiét ké 6 - 8cm;

+ Khi thay thé mot phan xi mang béng bot thuy tinh voi
ham luong tir 5% dén 20% vé khoi luong, gitt nguyén
luong nude nhu PCB thi d6 sut hon hop c6 xu huong tang,
tham chi 1a ting manh so v6i cap phoi PCB;

+ Véi ti 1¢ ham luong thay thé thap 5% - 10% thi d6 sut
dat 10 - 12 cm, bang dd sut cia bé tong thuong pham.

+ Vi ti 1¢ ham lugng thay thé xi mang bang bot thuy
tinh 1a 15% va 20%, lic nay, lugng nude can cho sy thiy
hoa cta xi mang tao chat két dinh thap hon 5% - 10%,

hrqng~nuérc du ra va lam tang d6 linh dong. Vi V’éy, do sut
cua hon hop bé tong véi ti 1€ 15% - 20% tang rat cao, dat
tuong tmg 14 cm va 16 cm.

16 16
— DJ sut trung binh
1S
L 14 12
5
& g
<
12 4
=
- 1167
a.
b 10.83
A 101
88
T T T T
0% 5% 10% 15% 20%

Ti 18 ham luong thay thé

Hinh 1. Bg sut trung binh hon hop bé téng 5 cap phoi

Nhin chung, khi thém bét thily tinh thay thé mot phan xi
mé}ng thi do sut tang nha}nh, ti 1¢ thuan véi ham lugng thay
the. Truong hop thay the 10% dg sut 6 giam chut it so voi
5%, day c6 thé 1a van d¢ thicu sot trong thuc hién thi nghiém.

Su phat trién C}rdqg d6 chiu nén dugce thé hién & Hinh
2 va Hinh 3, c6 thé thay:

+ O céc d6 tudi thi nghiém, cuong d6 nén cap phdi co
chira bot thuy tinh thap hon cap phoi d6i ching PCB. Quy
ludt phat trién cuong d6 nén dién ra twong tu nhu bé tong
thong thuong. Véi truong hop thay the 5%, trong d6 tudi 7 -
14 ngay, cudong do nén tang cham hon céac truong hop khac.

+ O tudi 28 ngay, véi ti 1é thay thé thip tir 5% - 10%,
cudng do nén dat duoc cudng dd mong ude 1a 250 kg/cm?;

+ Vi ti 1€ thay thé cao hon (215%) thi cuong do giam
so v6i yéu cau dat mac thiét ké M250. O tudi 28 ngay,
cuong do nén chi dat 200,98 kg/cm? v6i ti 1€ thay the 15%,
v6i ti 1¢ thay thé 20% cuong do con thap hon nhicu.

Két qua thi nghiém cuong d¢ chiu nén cua mau qua cac
ngay tudi dugc thé hién & Bang 4.

Bing 4. Két qua cuong dé nén cdc tudi thi nghiém (kglcm?)

Cép phdi 3ngay | 7ngay | 14 ngay | 28 ngay
PCB 137,20 191,01 250,38 281,50
95PCB - 5GP 109,44 175,91 195,85 248,54
90PCB - 10GP 109,11 | 162,31 | 219,93 | 250,82
85PCB - 15GP 94,90 124,42 157,83 200,98
80PCB - 20GP 78,31 114,24 155,73 188,69

Céc két qua trén co thé duoc 1y giai 1a do sy thay thé xi
méng bang bot thuy tinh di lam giam ham luong xi mang.
Cung luong nude khong d6i, ham luong xi ming can cho
su thuy hoéa tao chét két dinh giam di, trong khi d6, lugng
nuée cho cbt liéu ting 1én, day 1a 1y do do sut ciia hdn hop
Vv6i ti 18 thay thé 15 - 20% tang cao. Lic nay, su lién két
giita cac cbt lidu giam do giam chét két dinh, vai tro cua
bt thuy tinh cling c6 tham gia phan tng nho c6 phan Gng
hydrat hoa ciia xi mang va nudc tao moi truong kiém. Theo
nhiéu nghién ctru, thiy tinh dang bt c6 d6 min dudi 100
pm s& c6 phan mg puzzolan xay ra, tao thanh hop chat c6
tinh chét xi mang.
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Mic du bot thiy tinh c6 tham gia phan (g khi thay thé
qué nhiéu xi mang nhung lugng nude van du nhidu trong
khoang thoi gian tir 0 dén 28 ngay, didu nay lam ting do
sut, nhung do lién két cac cdt lidu giam di, dan dén lam
giam cudng do ctia mau. Vi vay, cudng do nén ¢ tudi 28
ngay cua cac truong hop ti 1é thay thé 15 - 20% s& thap hon
SO véi ti 18 thay thé 5 - 10%.
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Hinh 3. Qua trinh phét trién cuong dg nén theo ti 1¢ %
cac do tuoi thi nghiém
C6 thé thay rang, véi ti 1¢ thay thé xi ming bang bot
thuy tinh 1a 10% khoi lugng thi cho két qua kha quan vé
cuong do nén, dong thoi do sut cling tuong doi tot.

4. Két luan

Nghién ctru nay da tép trung vao viéc st dung bot thuy
tinh thai trong y té dé thay thé mot phan xi ming trong bé
tong. Két qua cho thiy ring, viéc st dung bé tong v6i ham
lwong thay thé 10% khdi lwvong xi ming 1a kha quan vi ¢6
thé dat dugc yéu cau vé cudng d9, dong thoi, tinh cong
tac ciia hon hop bé tong cling rat cao. Do do, viéc str dung
bot thuy tinh dé ché tao bé tong khong nhiing giam dugc
mot phan xi ming, ma con giai quyét dugc van dé xir li

rac thai y té, gop phan bao vé moi truong va phat trién
bén viing.

Két qua ciing cho thdy ring, luong nudc sir dung dong
vai trd quan trong d6i v6i cuong do bé tong cd bot thity
tinh, néu téi wu héa lwong nude thi cuong do cua bé tong
¢6 bot thity tinh c6 thé dat cao hon nhiéu.

Dé tmg dung vao thuc tién, can nghién ctru thém nhiéu
ddc tinh khac cua vat liéu nhu ¢ chong thim, chong xam
thuc, an mon...

Loi cadm on: Nhom téc gia xin chan thanh gui 161 cam on
dén phong thi nghiém thuéc Cong ty Xi ming Song Gianh,
Trung thm QUATEST 3, Phong thi nghiém Két ciu cong trinh
thudc Trudng Pai hoc Bach khoa - Pai hoc ba Nﬁng.
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