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Abstract: Fly ash (FA) and coal bottom ash (CBA) of thermal power plants is industrial wastes but
can be used for many different purposes. This paper focuses on the authors’ research on using CBA
to successfully produce artificial sand to replace natural sand; using FA and CBA as aggregates for
producing of non-fired brick, and applying of the important properties of CBA to prevent
salinization of structures based on capillary test results combined with a specialized design method.
The research and application of coal ash not only contribute to solving environmental problems and
natural resources but also significantly contribute to promoting sustainable development and
proactively responding to climate change.
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Tém tit: Tro xi nhiét dién 1a dang thai pham cong nghiép nhung co thé tmg dung cho nhidu muc
dich khac nhau. Bai bdo nay gidi thiéu cac nghién ctru cua tac gia vé str dung xi ddy nhiét dién de
san xuat thanh céng cat nhan tao thay thé cat ty nhién; dung tro bay va xi day lam cot lidu san xudt
gach khong nung; va (mg dung cac tinh chit quan trong cua xi day dé chéng nhiém man c6ng trinh
dua trén két qua thi nghiém mao dan két hop véi phuong phap thlet ké doc dao. Viée nghién ciru
ng dung tro xi nhiét dién than khong chi gop phan giai quyet cac van dé moi truong va tai nguyén
thién nhién, ma con gép phan dang ké thuc day phat trién bén vimg va chu dong img pho véi bién

ddi khi hau.

Tirkhoa: Xi day, Tro bay, Cat nhan tao, Gach khéng nung, Chong nhidm man.

1. Mé dau

Tro xi nhiét dién 14 thai phdm cia qué trinh
dbt than trong cac nha may nhiét dién than, tao
thanh tir quéa trinh phan huy va bién d6i chat
khoang co6 trong than da va cac phu gia, tro xi
chu yéu gom tro bay va xi day. Tro bay (fly ash)
12 bui min thu duoc tir thiét bi loc bui cta nha
may nhiét dién trong qua trinh dt than. Xi day
(coal bottom ash, CBA) thu dugc & day 10 cua
nha may nhiét dién trong qué trinh dét than, c6
dang cuc hodc dang hat, chiém khoang 15-20%
tong khoi lugng tro xi.

Nhiéu nuéc trén thé gidi coi tro xi nhiét dién
than 1a nguyén li¢u dé san xut cac loai vét liéu
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xdy dung. Nhat Ban va cic qubc gia EU da sir
dung gan 100% tro xi thai ra tir nha may nhiét
dién than, Han Qudc, Pai Loan (Trung Qudc),
Thai lan déu str dung trén 90% [1]. Ali Mangi va
nnk (2019), Singh va Siddique (2013) quan tam
nghién ciru vé cc van dé anh hudng cua xi day
d6i voi tinh chat ciia bé tong khi dung thay thé
cat tu nhién; kha niang sir dung lam nén dudng
va 16p dém lot; lam vat li€u san lép va két chu
ctia bi chon 14p chét thai. Cac tac gia déu danh
gia xi day phu hop céc muc ti€u nay [2, 3].

Theo Maliki va nnk (2017) Aggarwal va nnk
(2007), xi day c6 thé thay thé mot phan cdt liéu
nho trong bé tong. Tuy nhién, khi d6 tinh cong
tac cua bé tong sé€ bi kém hon truong hop khong
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khong thay thé [4, 5]. Trong khi do, Kumar va
nnk (2015), Kadam va Patil (2013) cho rang, khi
dung xi day thay thé cat tu nhién, sy thay d6i tinh
cong tac cua bé tong khac nhau rat nhidu tiy
thudc nguén va loai xi day duoc st dung. Ti
trong bé tong khi dugc thay thé bang xi day ciing
nhe hon bé tong su dung cat ty nhién [6, 7].
Kumari va Thandavamoorthy (2017) thi cho
rang, xi day khong chi c6 thé st dung cho bé tong
thong thuong ma con cho ca bé tong hiéu suat
cao. Thong qua thi nghiém xac dinh cac dac tinh
clia bé tong str dung xi ddy thay thé cat tu nhién
& cac mirc 25, 50 va 75%, cAc tac gia nhan thiy
cuong do nén cua bé tong 28 ngay tudi dat trén
70 daN/cm?, d¢ bén kéo trén 5,56 daN/cm?, va
d6 bén udn ciing trén 6,64 daN/cm? [8]. Trong
khi do, Atsuko Sato va Satoshi Nishimoto (2001)
cho rang xi day c6 thé ung dung 1am vat liéu xay
dung bén virng, than thién véi moéi trudong cung
v6i tinh kinh té cao khi thay thé cat tu nhién [9].

Trén thé gidi ciing d c6 rat nhidu giai phap
sang ché chii yéu tap trung vao viéc tmg dung xi
day 16 nhu mdt loai cdt lieu dung trong cac loai
bé tong khac nhau, hodc lam phu gia xi mang,
hodc st dung chung nhu bt lieu dau vao dé san
xudt gach, hodc dé san lap, hoan thd. Pic diém
chung cia cdc sang ché 6 1a xi dugc dung truc
tiép hodc néu co can thlep xu ly trude khi st
dung ciing khong dang ké. Do viée xtr Iy hoa hoc
dbi véi xi day 10 chua duoc triét dé nén dé dan
dén nguy co anh huéng toi méi trudng va sic
khoe nguoi st dung.

O Viét Nam, tro xi bat dau dugc ung dung &
cac linh vuc lam vét liéu san lép (tiéu chudn
TCVN 12249:2018), 1am nén dudng 6 t6 (tiéu
chudn TCVN 12660:2019), lam phuy gia khoang
cho bé tong dam lan (tiéu chuin TCVN
8825:2011), 1am phu gia khoang cho xi méng, bé
tong va vira (tiéu chuan TCVN 10302:2014) va
mdt phan dung san xuat gach khong nung. Viéc
mg dung tro xi ciing can dap tng dugc TCVN
12249:2018 vé tac dong méi trudng va do an
toan phong xa cia tro xi. Pén nay viéc nghién
clru san xuat gach khong nung kha phd bién va
da c6 san phém gach thuong mai hoéa trén thi
truong. Tuy nhién, van c6 nhiéu han ché véi loai

gach nay va can duoc tiép tuc nghlen ctru phat
trién va hoan thién dé nang cao chét luong. Voi
cat nhan tao san xuét tir xi day dat tiéu chuan xay
dung van chua dugc quan tdm nghién ctru do c6
nhiéu kho khin va phirc tap vé mit cong nghé,
dac biét 1a kho khan trong khéc ché tinh ng, tinh
hoat hoa, cudng do thap ciia hat xi, d¢ thoi det
cua hat xi cling nhu loai bo phén hat qua min cua
xi day [10].

Tir 2016 dén nay, Nguyén Ngoc Truc va
cong sy da c6 nhiéu nghién ctru, thir nghiém trén
nhiéu loai xi day tai Viét Nam va nhan thiy su
phu hop va kha nang Gng dung cua chiing. Co
thé ung dung tro xi nhu loai vat liéu chét luong,
gi4 ré va than thién v6i méi trudng cho nhidu
muc dich khac nhau [11-13].

Bai bao nay gi6i thiéu két qua nghién ciru
g dung tro xi ché tao cat nhan tao thay thé cat
tu nhién va san xuat gach khong nung, ciing nhu
ap dung cac dac tinh hitu ich cta xi day cho
cac giai phap thiét ké mong cong trinh chong
nhiém man.

2. Phwong phap nghién ciru
2.1. chy mau, chudn bi va cdc bude thuc hién

Viéc khao sat léy mau dugc thuc hién tai cac
nha may nhiét dién & Thai Nguyén, Hai Duong
va Quang Ninh; lugng mau tro xi thu thap
khoang 200 kg mdi loai dung cho cac thi nghiém
lién quan. Panh gia vat liéu xay dung san xut tir
tro xi dugc thyc hién thong qua phan tich so sanh
véi vat liéu ty nhién tuong duong.

Trong nghién ctru cat nhan tao, tac gia da xay
dung quy trinh cong nghé mai dé san xuat duoc
cat nhan tao hoan chinh voi ba budc gom bay
cong doan va da ndp don xin cip bang phat minh
sang ché. Dé danh gia kha nang cua cat nhan tao,
tac gia da danh gia gian tiép théng qua hén hop
bé tong va cac mau bé tong dong ran st dung cat
nhan tgo. Viéc phan tich dugc thyc hién bang cac
thi nghiém vé tinh cong tac, kha ning phan ung
klem silic va cuong do nén, cuong dd udn cua
mau bé tong.
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Trong nghién ciru ché tao gach khong nung,
str dung tro xi ciia nha may nhiét dién Cao Ngan
(Thai Nguyén) dé thay thé mot phan cot liéu ty
nhién. Mau tro xi dwoc tap két vé phong thi
nghiém, phan tich, ddnh gia cac chi tiéu thanh
phan khoang, hoa va vat 1y. Do tro xi c6 chira cac
thanh phan c6 hai déi v6i gach khong nung nhu
CaOy va CaSO4 nén ching phai duge xir ly dé
han ché cac tac hai nay trudce khi st dung.

Cac mau gach mac 10,0 MPa theo tiéu chuin
TCVN 6477:2016 duge ché tao c6 kich thude
210x100x60 mm (GBt-M10,0-210x100x60-
TCVN 6477:2016). Gach khong nung duoc tao
hinh bang rung ép trén may ¢p gach (Hinh 1b) tai
vién vat liéu xay dung gdm bén budc: chuan bi
nguyén vét liéu, can dinh lugng nguyén vét licu
va nude tron theo bai phdi lidu cho trude, tron
kho hon hop trén méy tron bé tong khoang 1
phut, tron wét hon hop bé tong khoang 2,5 phut
(Hinh 1a).

Hinh 1. Tron va duc tao hinh mau gach khong nung
trong phong thi nghi¢m.

2.2. Cdc phwong phdp danh gid gian tiép cat
nhan tgo

Cat nhan tao duoc phan tich, so sanh va danh
gia gian tiép thong qua hai hon hop bé tong va
cac miu bé tong déng rin MO va M1. Cac thi
nghiém da dugc thuc hién bao gorn. xac dinh
khdi lugng thé tich cta hdn hop bé tong (theo
TCVN 3108:1993); xac dinh d6 tach nudc cua
hon hop bé tong (TCVN 3105:1993); xac dinh
do sut hdn hop bé tong sau tron (TCVN
3016:1993); x4c dinh kha ning phan tng kiém —
silic (TCVN 7572-14:2006); xac dinh cuong do
nén cua bé tong dong ran (TCVN 3118:1993);
xé4c dinh cudng do khang udn cua bé tong dong
ran (TCVN 3121-11:2003).

2.3. Cac phwong phap danh gia gach khong nung

Gach khong nung sau khi ché tao trong
phong thi nghiém thi dugc danh gia thong qua
loat thi nghiém xéac dinh cac chi tiéu co ly nhu
xac dinh khéi lwong thé tich; cuong do nén gach
& cac tudi 3, 7, 14, 28; d6 hat nude cua gach ¢
tudi 28 ngay (TCVN 6477:2016 — gach bé tong);
d6 tham nuoc cua gach ¢ tudi 28 ngay (TCVN
6355-4:2009). Thi nghiém duoc chuin bi trén
mau thir va mau ddi sanh — 12 mau sir dung vat
lidu truyén thdng, & danh gia tinh tuong thich
clia mau thtr, mau dbi sanh va tiéu chuin xay
dung hién hanh [14].

2.4. Phuong phap chong mao dan cho méng
cong trinh chong nhiém mdn

Mao dan nuéc min gy ra nhiéu tac hai ddi
v6i hé théng co s ha ting. Do do, viéc tim ra
loai vat liéu chéng mao dan nudc man phu hop
va thong dung dé phat trién mong cong trinh
chéng mao dan da duogc thyc hién. Céc tac gia da
nghién ctru so sanh céc dic tinh mao dan ctia cat
sOi tu nhién, xi hat 10 cao cua nha may luyén
gang va xi day nhiét dién dé tim ra loai vat liéu
chéng mao dan tbi wu nhat.

Chiéu cao mao dan phu thudc vao kich thuéc
hat, 46 dong nhit cta vat liéu trong mdi truong
mao dan, va thanh phan hoa hoc cua dung dich
mao dan. Thi nghiém xac dinh chiéu cao mao
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dan cua ting loai vat liéu duogc thuc hién theo
tiéu chudn ASTM C1585 — 13 [15], tién hanh véi
4 cap hat 5,0-2,0 mm (san), 2,0-1,0 mm (cét tho),
1,0-0,5 mm (cat hat vira), va 0,5-0,1 mm (cét
min). Dung dich mao dn 12 nudc bién nhan tao
¢6 7 nong d6 mudi khic nhau, bao gdm
0,0 g/L, 4,95 g/, 9,9 g/L, 14,75 g/l, 19,8 g/L,
24,75 g/L va 33,0 g/L. Pay la cac nong d6 mudi
tuong tng voi 0, 15, 30, 45, 60, 75 va 100% do
mén ciia nudc bién, néu xem d6 min trung binh
clia nudc bién 1a 33,0 g/L. Ngay khi qua trinh
mao dan bat dau, do chleu cao mao dan lién tuc
theo thoi gian. Poc s6 do cot nudce theo thoi gian
lan lugtla 1,2, 5, 10, 15, 20, 30, 45, 60, 90, 120,
180, 240, 360,... phat, dén khi sé doc giita hai
lan doc gan nhau nhét khong thay doi thi dimg
thi nghiém (khoang 2-3 ngay). Két qua thi
nghiém la chiéu cao mao dan trong vat li¢u roi,
thoi gian on dinh mao din va kich thuéc hat
khang mao dan tdi wu.

3. Hién trang cac van dé nghién ctru

3.1. Hién trang phat thdai va ung dung tro xi
nhiét dién

Tinh dén nam 2019, nudc ta c6 28 nha may
nhiét dién dang hoat dong, trong dé c6 19 nha
may sir dung cong nghé dot than phun, 9 nha
may sir dung cong nghé ting soi tuan hoan. Tong
cong sudt nhiét dién 18,709 MW. Téng lugng
tro, xi phat sinh ndm 2019 theo tinh toan khoang
17,8 triéu tin tin/nam, trong do6 tro, xi ddt theo
cong nghé than phun PC 1a 12,7 triéu tdn/nim
chiém khoang 71,4%, tro, xi ddt theo cong nghé
than tang soi 1a 5,1 triéu tin/nam chiém khoang
28,6%. Thuc trang phat thai tro, xi cia cac nha
may nhiét dién tai Viét Nam duogc thé hién trong
Bang 1 dudi day.

Bang 1. Tong lugng tro, xi nhiét dién phat sinh nim 2019 [16]

Loai tro, xi Tro bay (tan) Xi day (t4n) Tong (tan) Ty le %
Cong nghé PC 10.166.802 2.541.700 12.708.502 71,4
Cong nghé CFB 4.082.646 1.020.662 5.103.308 28,6
Téng cong 2 loai 14.249.448 3.562.362 17.811.810 100

bé thuc déy viéc st dung tro, xi clia cac nha
may nhiét dién, chinh phu di ban hanh quyét
dinh 452/QD-TTg ngay 12/4/2017 vé phé duyét
dé an déy manh xtr 1y, str dung tro, xi, thach cao
1am nguyén liéu san xudt vat lidu xay dung. Dén
cudi nam 2020, téng lugng tro, xi nhiét dién da
tiéu thu trén ca nudc khoang 44,5 triéu tan, tuong
duong 42% tong lwong phat thai qua cac nam.
Trong do, lugng tro, xi dugc su dung nhiéu nhat
lam phu gia khoang cho xi méng, khoang 24 tri¢u
tan (70%); san xuat gach khong nung khoang 4
tridu tan (12%); lam phu gia cho san xuét bé tong
tuoi, bé tong cho cac cong trinh thuy loi, giao
thong va xay dung dan dung, udc khoang 3 tri€u
tan (8%) va lam vat liéu san lap, dép dudng giao
thong céc loai khoang 3,5 triéu tin (9%).

Mic du vay, két qua xu ly, tiéu thu tro xi
chua nhu ky vong. Theo s6 liéu diéu tra thuc té

va cac don vi bao céo, lugng tro xi tdn dong tai
bai chira ctia cac nha may nhiét dién than van con
khoéang 47,65 triéu tn (Hinh 2). Tong luong tro
xi, thach cao da duoc ti€u thu chi vao khoang
25% - 30% so voi tong lwong dugc thai ra hang
nam va khong phéan bd déu dbi vai timg nha may.

Hinh 2. Bai chira tro xi ciia nha may nhiét dién chua
duogc tiéu thu.
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Nhiing han ché trong tung dung, xtr 1y, tiéu
thu tro xi duoc xac dinh do mét sb nguyén nhan
sau: i) Cac nha may sir dung cong nghé than
phun s€ tach dugc thach cao ra khoi tro bay, do
d6 ngoai viéc tiéu thu dugc tro bay thi néu thach
cao du tiéu chudn (ham luwong thach cao
CaS04.2H,0 16n) s& dé dang tiéu thu vao cac
muc dich khac nhau nhu lam phu gia cho san
Xudt xi mang, vat liéu xay khong nung,... Trong
khi d6, ddi v6i cac nha may sir dung cong nghé
CFB, d4 voi duoc dua vao ddt ciing vai than dé
khtr luu huynh (SOx) trong khéi, do d6 thach cao
dugc tao ra s& 1an vao tro bay va khong thé tach
thach cao ra khoi tro bay, dong thoi ham luong
S0O; va CaOy va Cachon 16N, tro bay ¢6 mau dé,
nau dan dén viéc sir dung vao san xuét vat liéu
xdy dung gip nhiéu kho khan; ii) Mot s6 nha
may ¢ khu vuc gan bién (nhu nhiét dién Mong
Duong 2) do thiéu nudc ngot da phai ding nuéc
min hodc nude nhiém min dé van hanh hé théng
bom thai xi ra bai chira dan t6i tro, xi bi nhiém
man, gy khé khan cho viéc xu ly, st dung;
iii) Thong thuong tro bay tai nha may nhiét di¢n
c6 ham lwong Cacbon <12% duoc tiéu thu gan
hét trong nganh san xuat vat liéu xay dung, tuy
nhién mot sé nha may thai ra tro bay c6 ham
lugng nay trén dudi 5% (nhiét dién Viing Ang 1)
nhung & khu vue cach xa cac don vi ¢ tiém nang
st dung tro, xi voi khéi lugng 16n dan dén mac
du tro bay, xi dat tiéu chuén st dung hoac sau
khi xtr 1y dat tiéu chuén, quy chuén hién hanh dé
sir dung 1am nguyén lidu san xudt vat liéu xay
dung nhung do chi phi van chuyén cao dan t6i
gia thanh cao hon so v4i khoang san dugc khai
thac tai chd; iv) C6 nha may do chét lugng than
dbt 1am cho tro bay va xi ¢6 mau do, nau dan t6i
viéc xtr ly, sir dung kho khan; va v) Khi tro, xi
khong dugc cac don vi thu mua hoac cé thé xu
1y tai chd thi tat ca déu duoc hoa tron véi nude
va bom ra bai thai dan t&i su 1an 16n giita tro, xi
giy kho khin trong qua trinh xtr 1y tiép theo.

3.2. Vin dé bao vé tai nguyén, phat trién bén
vieng va wng pho voi bién doi khi hdu

Nganh xdy dung nudc ta dang do6i mat voi
tinh trang thiéu hut nghiém trong cac ngudn cung
vat liéu ty nhién, dic biét 1a cat, cudi, soi. Moi

nim nhu cau cat xdy dung trong nudc can
khoang 120 triéu m?, lugng cat khai thac duoc la
28,985 tri€u m3/nam, chi dap ung duogc 24,2%.
Ttr 2017, Campuchia bat dau cam xuat khdu cat,
dan dén tinh trang thiéu hut ngudn cung cat ty
nhién cho cac tinh Nam Bo.

Trudce day, nguén cung vat liéu xay dung chu
yéu c6 ngudn gbe ty nhién, cat soi duoc khai thac
trén khap cac con song 16n nho trén ca nudc.
Cong tac quan 1y khai thac chua chat chg, nhidu
doanh nghiép tu nhan khai thac vuot mic cap
phép, tinh trang khai thac bét hop phap dién ra
tran lan, ddn dén ngudn vat lidu tu nhién noi
chung va cat ty nhién ndi ri€ng ngay cang can
kiét. Khong nhitng thé, hoat dong khai thac thiéu
quan ly da lam that thot tai nguyén, giy tac
dong tiéu cuc va dan dén suy thoai méi trudng,
1am bién d6i ludng lach, sat 16 bo song, mét dién
tich dat, pha hoai co so ha tang giao thong va dan
dung ven song. Viéc khai thac tai nguyén thién
nhién qua muc con dan dén cuong hoa thién tai
lién quan dén bién d6i khi hau nhu gia ting tin
sudt, quy mo, cuong do 1i quét-li bun da, x6i
16 bo séng, sut lun nén duong, sat 16 mat
nha ctra va dit canh tac, de doa sinh ké dan cu
dia phuong.

Trong khi do, tinh trang du thtra tro xi tai bai
chtra cua cac nha may nhiét dién ddt than trén
khip ca nudc dang la nguyén nhan giy 6 nhidm
moi trudng dat, nudc va khong khi, dong thoi 1a
van dé nan giai d6i v6i cac co quan quan Iy nha
nudc va doanh nghié€p. Trudce thuc trang do, viéc
nghién ciru, xr ly va ting dung tro xi nha may
nhiét dién véi quy mo 16n dé san xuat vat liu
xay dung, timg budc thay thé vat liéu tu nhién la
yéu ciu rat cp thiét.

Bén canh do, bién d6i khi hau dang dién bién
ngdy cang cuc doan hon, dic biét d6i véi cac
qudc gia ven bién va gan xich dao. Cac giai phap
g pho véi bién d6i khi hau tap trung nhidu vao
thich g va giam nhe, phan 16n mang tinh chat
thu dong. Viéc nghién ciru ng dung cac dac tinh
hitu ich cta tro xi nhiét dién vao thiét ké mong
cong trinh chéng nhiém min vira gop phan giai
quyet ton dong phé thai cong nghiép, vira cung
cap cong nghe moéi cho cudc chién chii dong
chéng bién ddi khi hau.
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4. Sir dung tro xi nhiét dién san xuat vt liéu
xay dung
4.1. Sdn xudt cdt nhan tao tir xi ddy

100
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Hinh 3. So sanh phan b thanh phan hat céc loai xi
day voi cat tu nhién.
Xi d4y c6 nhiéu dic diém tuong dong voi cat
ty nhién. Hinh 3 thé hién duong cong phan bo

thanh phén hat ctia cac loai xi d4y va cat tu nhién;
Theo d6, c6 thé nhan thiy mic d6 twong dong
khé cao ctia hai loai vat liéu nay. Do vdy, c6 thé
xir 1y xi day dé ché tao cat nhan tao thay thé cat
tu nhién dung cho nhiéu muc dich khéac nhau.

Két qua phén tich thanh phan hoa hoc cua xi
day duogc thé hién trén Bang 2. Sy bién dong vé
thanh phén khé 16n do nha may nhiét dién s
dung cac ngudn than va chung loai than khac
nhau. Cac 6-xit SiOz, Al;O3 chiém ti 1¢ 16n nhat
trong thanh phan xi ddy, ¢ vai trd nang cao chat
lugng xi khi dung lam vt liéu xay dung. Cac
oxit CaO, MgO, KO chiém ti 1& thip nhung c6
vai trd dang ké 1am gia ting d6 pH cua xi thim
chi 1&n dén 11. Mot mat cac oxit kiém, kiém thd
nay gay von cuc va khoé khan cho qua trinh san
xuét cat nhan tao cling nhu ché tao bé tong, vira,
nhung mat khac ciing gitp tang lién két trong bé
tong va vira xay.

Bang 2. Thanh phan hda hoc cua xi day

Thanh phan Ham luong (%) Thanh phan Ham luong (%)
SiO; 34,40 - 62,30 CaO 1,00 - 19,67
Al;,O3 11,93 - 24,93 MgO 1,00-3,71
Fe,03 2,30 - 6,70 K20 0,25-3,18
TiO, 0,30 - 0,64 Na,O 0,05-0,30
SO3 0,77 - 8,76 C 2,36 - 6,80

Nhu vy, c6 thé coi xi day 1a loai nguyén liéu
¢6 tinh kiém, hoat tinh thuy lyc cao, c6 kha ning
tu dong ran nhu xi ming Portland nhung cuong
d6 thap. Hon nita, voi thanh phan hoa hoc va cac
dic tinh nhu trén, xi day néu khong duge xir
ly dung quy cach s& gy tic hai dang ké dén
moi truong.

Két qua nghién ciru cho thiy, xi day c6 ba
nhuoc diém, i) Cudng do cua hat thap; ii) Tinh
nd va hoat hoa manh; va iii) Do thoi det cta hat
xi lon. Tu do, cac tac gia da dua ra quy trinh ba
budc v6i bay cong doan dé khic phuc cac nhuoc
diém cua xi day va ché tao thanh cong cat nhan
tao. Cy thé: Budc 1, chon loc phan doan xi day
g6m bdn cong doan, nham chon loc duge cip hat
phu hop véi tiéu chudn xay dung hién hanh (tiéu
chuan TCVN 7570:2006), loai bo phan hat qua
16n bang hé thong sang rung co kich thudc mat
lu6i 5,0 mm va loai bo phan hat qua min dudng

kinh <0,14 mm béng sang li tam lién tuc; Budc
2, giam hoat héa xi day véi 2 cong doan, dugc
thuc hién trong bé xtr Iy nham lam giam tinh hoat
héa cta xi, giam tinh nd, giam d¢ pH cua xi
xudng mirc trung tinh, 1am cho céc tinh chat cua
xi tiém c4n gan nhéat dén tinh chit cua cat ty
nhién; Budc 3, thay thé timg phan véi 1 cong
doan, duogc thuc hién béng cach tron déu xi day
da xu ly voi cat ty nhién hodc cat nghién theo ti
1é trong Iugng tinh toan, muc dich nhim lam cho
hon hop cat-xi duoc gia ting cuong do chiu luc,
han ché tinh nd, giam d6 thoi det chung cua tap
hop hat. Pay la cong nghé chon loc phan doan,
giam hoat hoa va thay thé timg phan do tac gia
da day cong nghién ctru xay dung nén. Cat nhan
tao san xudt theo cong nghé nay cé dic diém
nhan dién tuong duong cat ty nhién (Hinh 4).
Mau sic ctia cat khong phu thudce vao quy trinh
san xudt ma phu thudc nguyén liéu dau vao. Mo
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dun d6 16n cua cat nhan tao c6 thé diéu chinh dé
phu hop vai yéu cau dau ra san pham, chiing loai

san phém Vé’muc dich st dung, mo-dun dao
dong tr 0,7 dén 3,3.

Xi day chua xur ly

Cét nhan tao

Hinh 4. Hinh anh xi day chwa xir 1y va cat nhan tao thanh pham.

Hinh 5. M6t s6 thi nghiém danh gia gian tiép cat nhan tao.

Sau khi hoan thanh ché tao cat nhan tao,
chung can dugc danh gia bang phuong phap gian
tiép thong qua hon hop bé tong va mau bé tong
dong rdn. Mau can danh gia str dung cdt liéu nho
1a cat nhan tao, mau déi sanh st dung cdt lidu
nho 13 cat ty nhién. Theo d6, nhém mau MO 1a
hon hop bé tong str dung cat nhan tao c6 mo-dun
d6 16n 2,5. Thanh phan hdn hgp bé tong bao gdm
350 kg xi mang PC40, 1079 kg da dam duong
kinh 20 mm, 787 kg cat nhén tao vdi ti 1€ trong

luwgng tron cat ty nhién 50%, 216 lit nudc tron.
Nhom mau déi sanh M1 ¢6 thanh phan twong tu
nhung st dung 100% cat tu nhién. Thi nghiém
dugc thuc hién trén hon hop bé tong tuoi, phén
con lai duoc ché tao mau bé tong dong ran kich
thude 150x150x150 mm cho thir nghiém cuong
d6 nén va 150x150x600 mm dé thir nghiém
cuong d6 udn. Hinh 5 thé hién mot s hoat dong
thi nghiém danh gi4 dan tiép cat nhan tao.
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Bang 3. Két qua thi nghiém so sanh thong s6 k¥ thuét ctia hdn hop bé tong
va mau bé tong dong ran st dung cat ty nhién MO va cat nhan tao M1

Thong s6 Pon vi G trl

MO M1
Khdi lugng thé tich hdn hop (kg/m3) 2473 2348
Do tach nudc % 0,27 0,41

Do sut ban dau cm 11,5 11,9

Do sut sau 30 phut cm 9,5 6,3

Kha ndng phan Gng Rc mmol/| - 370
kiém - silic Sc mmol/I - 31,8
3 ngay tudi 217,8 210,4
o 7 ngay tudi 328,9 310,4
Cutng do nén 14 ngdy i daN/om® 355,2 357,4
28 ngay tudi 382,7 399,7

3 ngay tudi 14,1 14,3

Cuong do uén 7 ngdy tu(;)qi. daN/cm? 16,3 156
14 ngay tudi 16,9 17,4

28 ngay tudi 17,1 18,5

Bang 3 1a két qua thi nghiém thu duoc dé
danh gia vé tinh c6ng tac, tinh in mon va cuong
d6 cua bé tong sir dung cat nhan tao lam cbt liéu
nhd. Gia tri cac chi tiéu thu dugc cua bé tong tuoi
sir dung cat nhan tao di dap ung duoc yéu cau.
Khéi lwong thé tich cua bé tong sir dung cat nhan
tao chi c6 2348 kg/m®, nhe hon bé tong su dung
cat ty nhién 5,3%. D9 tach nudc cua bé tong M1
kha 16n, trong khi d6 sut do sut sau 30 phut cta
M1 kha thap, s& anh huéng phan nao dén tinh
cong tac khi thi cong. Piéu nay c6 thé khic phuc
bang cach sir dung cac chét phu gia thuong mai
dang phé bién trén thi truong. Két qua phan img
kiém-silic cho thay cat nhan tao thudc ving cot
lidu v6 hai, chung khong c6 kha nang gay hai, an
mon két cau thép. Cuong do khang u6n va khang
nén ctia mau bé tong dong rin M1 véi thoi gian
bao dudng tir 14-28 ngay tudi déu rat 16n hon cua
MO va dap ung vuot quy dinh trong cac tiéu
chudn xay dung hién hanh.

Nhu vay, két qua nghién ciru cho thiy cat
nhan tao san xuét tir xi ddy theo quy trinh ba
budc nhu trén di dap tmg duoc cac yéu cu ky
thuat cda cac tiéu chuén xay dyng hién hanh, c6
thé dung cho cac cong trinh xdy dung, giao
thong, thuay loi.

4.2. San xudt gach khéng nung tir xi ddy

Trong nghién ctru san xuat gach khéng nung
(gach block bé tong), cac tac gia da chuan bi vat
liéu gdm xi mang PC40, tro bay va xi day cia
nha may nhiét dién Cao Ngan, cat vang, da mat
duoc nghién tor da voi ¢6 ¢ hat <7 mm, nudc
tron 1a nude sinh hoat. Tro bay va xi day can
duogc xt 1y trude khi sir dung theo quy trinh chat
ch& nhim giam va loai bo cac tac hai dén do 6n
dinh thé tich do CaOw va CaSOs gay ra. Quy
trinh xtr Iy dugc tom lugc nhu sau, tron déu tro
bay va xi day véi nude dé c6 do 4m cua tro bay
5 dén 7%, xi day 7 dén 10% va dugc 1 trong thoi
gan 15 ngay trong diéu kién phong thi nghiém.

Pé xac dinh phuong an sir dung tro bay va xi
day trong thanh phan phdi liéu san xuét gach, c6
tam nhom cap phdi duoc chudn bi cho thi nghiém
(ky hiéu G2-G8) va mot cip phdi dé ddi sanh
(G1). Cac cap phdi dugc thiét ké theo nguyén
tac: giir nguyén ham lugng xi mang ¢ moi cap
phdi; cung cap tro bay vao hén hop dé 1am ting
lugng chat két dinh; xi day dung thay thé mot
phan hoic hoan toan cat vang, ti 1¢ (cattxi)/(da
mat) = 1/2 ¢ tit ca cap phdi. Thanh phan cap phdi
cu thé duoc cung cip nhu Bang 4. Luong nudc
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tron t6i uu phai duge xac dinh bang thi nghiém
dam chit tiéu chuan dé tim duoc do am toi wu
hay luong nude phit hop nhit cung cép cho phdi
liéu. Sau khi xac dinh do 4m toi wu, dac gach
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mau voi s6 lwong 3 vién cho mdi murc thoi gian
bao dudng 3, 7, 14, 28 ngay (mdi cap phdi c6 12
mAu), dé xac dinh cuong do nén trung binh va
cac thong s6 lién quan.

Bang 4. Thanh phan vét liéu cac cap phdi thir nghiém gach khong nung

Nhom T'fo bf:l y X d,ay Xiday/Pa | Xi mang | Catvang | P4 mat | Xi day Tro
mjy | Ximang | JCEL e | (k) (k) (kg) (k) bay
(%) (%) : (kg)
Gl 0 0 0 237 688 1423 0 0
G2 20 0 0 237 665 1398 0 47,4
G3 20 50 0 237 332 1398 279 47,4
G4 20 100 0 237 0 1398 558 47,4
G5 40 50 0 237 303 1399 254 94,8
G6 40 100 0 237 0 1368 533 94,8
G7 50 0 100 237 933 0 783 118,5
G8 50 100 0 237 0 965 783 118,5
G9 50 100 100 237 0 0 1567 118,5

Két qua thi nghiém ddi véi chin cip phdi
dugc thé hién trén Bang 5. C6 thé nhan thay, ddi
véi thi nghiém do bén, cuong do nén cua mau
tang 1én khi bo sung tro bay va dung xi ddy thay
thé cat vang. Ti 1& tron t6i wu 13 luong tro bay
bang 40% xi mang va xi day thay thé 100% cat
vang (cp ph01 G6), khi d6 cudong do gach block
28 ngay tu01 16n nhét dat 16,9 MPa, tang t6i 9%
so voi mau dbi chung va khdi luong thé tich
giam 16% so voi mau déi ching. O G7, G8, G9,
khi lugng tro bay bang 50% hoic xi day thay thé

hoan toan da mat thi cuong do nén cua mau gilam
xudng thap hon ¢ mau 601 chung. Cap phdi G4
clng dat két qua xap xi t6i wu, véi lugng tro bay
b6 sung bang 20% xi mang, xi d4y thay thé 100%
cat, cuong do nén tai 28 ngay tudi dat 16,8 MPa
va khéi lugng thé tich giam 15% so voi miu ddi
chung. Hinh 6 thé hién do thi so sanh ti 1& cuong
d6 nén cua cac nhém mau thi nghiém véi nhém
mAu ddi sanh, khi xem mau so sanh c6 cudong do
nén 100%.

Bang 5. Két qua thi nghiém céac cap phdi vat liéu gach block bé tong

Nhom Tr;’xt?ay Xiddy | Xiddy | Luong | PO4m | Khdiluong C‘rfg;‘gzg‘-’ Do hit
miu miing thay Cét | thay ](;Dé xi mang toi uu thé tich gh() ngdy nude
(%) (%) mat (%) (%) (%) (kg/m®) (MPa) (%)
Gl 0 0 0 101 73 2272 155 43
G2 20 0 0 10,1 8.1 2223 16,1 5,6
G3 20 50 0 10,3 105 2150 16,3 7.4
G4 20 100 0 10,6 128 1977 16,8 10.1
G5 40 50 0 10,4 114 2052 16,6 11.4
G6 40 100 0 10,6 13.7 1957 16,9 11,7
G7 50 0 100 11.4 118 1988 148 13.8
G8 50 100 0 11,3 141 1872 151 12,6
G9 50 100 100 12,3 22.7 1706 142 145
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Hinh 7. Ti 1& khi lugng xi méing so v6i tong khéi luong phdi lidu.

Luong tro bay va xi ddy cang 16n thi khi
luong thé tich ciia gach cang giam hay gach tro
nén nhe hon, khi d6 ti 1€ xi mang trén mot don vi
thé tich ciing tang 1én (Hinh 7). Dic diém nay co
loi khi sir dung tro xi lam cdt liéu, béi tro xi c¢6
khdi lwong thé tich nho hon ¢t lidu ty nhién, nén
v6i cing mot khdi lugng xi ming thi ti 16 xi mang
so véi cac vat liéu con lai trong mét don vi thé
tich s& ting 1én. Pay ciing 1a yéu t6 lam ting
cuong do cua san pham khi c6 cing khdi lugng
X1 mang.

Luong nudc tron dé dat d6 4m tdi uu tang 1én
tuong tng véi lugng tro bay va xi day. Didu nay
d& hiéu, do tro xi hat nuéc manh hon cdt liéu tu
nhién. Do hat nudc ctia nhéom mau G6 16n hon
G4 do lugng tro bay trong phéi liéu ctia G6 16n
gip doi. PO hut nude cua G7, G8, G9 16n nhat
do lugng tro bay 16n nhat, bang 50% luong xi
mang. So sanh d hat nudc ciia chin cap phdi cho
thiy, gach sir dung tro bay va xi ddy cang nhiéu

thi d6 hut nu6c cang 16n. Di chiéu voi TCVN
6477:2016, cac cap phdi G7, G8, G9 sir dung tro
bay chiém 50% khéi lugng xi ming c6 do hut
nude trén 12% va khong dat yéu cau theo tiéu
chuan. P9 hat nudc ting cao hon dang ké so véi
mau dbi chimg c6 thé anh hudong dén sy bién doi
thé tich cua vién gach trong diéu kién thoi tiét
thuc té, nhu giao dong d6 4m ngay dém hoic
theo mua. Van dé nay liéu c6 thé gdy nén tinh
trang nut tuong khi thi cong bang gach khong
nung st dung ct liéu tro xi nhiét dién hay
khéng, can c6 nhitng nghién ciru sdu hon.

Trong “Nghién ctu, danh gid ham luong
phong xa tu nhién trong vat liéu xay dung & Viét
Nam” cta Vién Khoa hoc K¥ thuat hat nhan
ciing d chi ra rang ham lugng phong xa c6 trong
vat li€u xay dung & Ha Noi 1a & muc trung binh
so voi ham lugng phong xa trong vat liéu xay
dung ciia cac nudc trén thé gidi va thip hon cac
tiéu chuan quy dinh.
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Nhu vay, c6 thé két luan rﬁng tro xi hoan toan
phu hop 1am c6t liéu quan trong ctia gach khong
nung. Tuy nhién, lwong tro bay tbi da khong qua
40% xi mang la tdt nhat. Cac nha may nhiét dién
sir dung cac loai than da va cong nghé dot khac
nhau s& cho ra tro xi khong déng nhat. Do d6, khi
sir dung tro xi dé san xuat gach khong nung, can
dugc khao st va thir nghiém dé dénh gia trude.
Bén canh d6, do hut nudc cua gach khong nung
su dung cdt lidu tro xi rat 16n, trong diéu kién thi
cong cong trinh, do hut nudc 16n ¢6 thé dan dén
bién dong thé tich vién gach, tir d6 c6 thé anh
huéng dén chat lugng va tinh thim my cong
trinh. Vi vdy cin c6 nhimg nghién ciru séu
hon dé danh gia va tim kiém giai phap k¥ thuat

phu hop.
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5. Ung dung xi day cho méng cong trinh
chéng nhiém min

Trong qué trinh nghién ciru, im kiém giai
phap chdng nhiém min cho cong trinh dan dung,
tac gia da thi nghiém so sanh kha ning chéng
mao din trén mot sb loai vat liéu roi bao gom
cat-soi ty nhién, xi hat 16 cao ciia nha may luyén
gang va xi day nhiét dién than, dé tim ra loai hodc
nhém vt lidu t6i wu nhat. Dung dich mao din la
nudc man co cac néng do mudi 0,0 g/L; 4,95 g/L;
9,9 ¢g/L; 14,85 g/L; 19,8 g/L; 24,75 g/L va 33,0
g/L, thuc hién trén bon nhom ¢ hat dugc phan
chia twong duong véi san soi (5,0-2,0 mm), cat
thd (2,0-1,0 mm), cét trung (1,0-0,5 mm) va cat
min (0,5-0,1 mm), thoi gian mdi mé thi nghiém
trung binh 3500 phut.
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Hinh 8. Chiéu cao mao dan (h, cm) theo thoi gian (t, phut) ciia xi day, xi 16 cao va vat liéu ty nhién ctng kich
thudce hat 2-5 mm trong dung dich mao dan c6 bay nong d6 muoi.

Két qua thi nghiém mao dan trén ba nhém
vat liéu & nhom kich thude hat 2-5 mm duoc thé
hién trén Hinh 8. Két qua phan tich chi tiét ciing
dugc thé hién trong cong bd méi nhat cua tac gia
[11]. Sau khi c6 két qua thi nghiém vé chiéu cao
mao dan theo thoi gian, chiéu cao mao din cua

cac nhom hat va quan h¢ véi nong do dung dich
mao dan, cac gia tri dugc tong hop va so sanh
trén Hinh 9. Theo d6 c6 thé nhan thiy, trong ba
loai vat liéu nay chidu cao mao din cua xi 10 cao
nho nhét, cla cat soi 16n nhit. O ¢& hat 5,0-2,0
mm va 2,0-1,0 mm, chiéu cao mao din cua cat
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s0i 16n hon déng ké so v6i hai vat liéu con lai.
Vé mdi quan hé voi néng d6 mudi, chiéu cao
mao din nho nhét khi ndng do muoi dat 33,0 g/L
va lon nhat khi néng 6 mudi bang 0,0 g/L. Tuy
nhién, mdi quan h¢ nay khong c6 xu huong tuyén
tinh. Thoi gian On dinh chiéu cao mao dan cua
cat soi va xi 10 cao tuong duong nhau, trong khi
thoi gian on dinh cua xi day dai hon dang ké so
véi hai vat lidu con lai. Piéu nay ching té kha

C& hat: 5.0-2.0mm

46

25

7
A

ning mao dan cua xi day 1a kém nhét trong s6
cac vat liéu dugc nghién cuu.

So sanh két qua thi nghiém nhan thay, xi day
¢6 chidu cao mao dan nho, kha ning mao dan
kém. Hat xi day dong nhat va c6 kich thuéc
>2,0 mm c6 kha ning chdng mao dan tét. Danh
gi4 tong thé, xi day 1a thai pham, du thira nhicu,
gia ré, phu hop lam vt liéu chéng mao dan va
chéng mao dan nudc man.
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Hinh 9. So sanh chi€u cao mao dan cua cac vt li€u roi trong cac dung dich nudc man.

Hién nay, hau nhu chua c6 loai mong cong
trinh dugc thiét ké riéng cho muc dich chéng
nhiém min. Do d6, tac gia dua ra mo hinh méng
néng trén nén thién nhién c6 chirc nang chu dong
chéng nhiém min va ndm 4m dua trén két qua
nghién clru mao dan va dé xudt phuong phap
thiét ké doc dao. Bai bao nay khong ban séu vé
moéng cong trinh ma chi cung cip mo hinh thiét
ké co ban va ung dung xi day nhu mot giai
phap k¥ thudt méi, kinh té va khong anh huéng
moi truong.

Nguyén 1y chung 1a chong mao dan va ngung
tu hoi nudc trong nén va méng bang vat liéu
chéng thim va chéng mao dan két hop véi
phuong phap thiét ké riéng bi¢t. Theo do, toan
b cau trac chong nhiém man gém c6 phan tuong
moéng; nén chéng mao din va ngung tu hoi nudc
(goi chung 14 nén); phan tuong bao va vach ngin;
phan phu bi cho tudng mong va tudong bao.
Trong do, phan nén dugc ap dung ky thut chong
mao dan va vat liéu xi day. Két cau phan nén theo
trinh tu tir dudi 1én bao gom, 16p dét dia phuong
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hoéc 16p Base duoc dam chit; tiép dén 12 16p xi
day c& hat 2-5 mm dugc dam chat, day 10-15
cm; 10p da 1x2 dam chit, day khoang 10 cm; 16p
bé tong 16t cd6 M>100, tron v6i hat xdp theo ti 18
nhét dinh, chiéu day 5 cm; 16p Geomembrane

b)
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phit toan bd 16p bé téng 16t ctia nén va phi chdng
lén gidng méng; 16p bé tong nén c6 M>200 tron
voi hat xép theo ti 1¢ tinh toan, chiéu day 5-10 cm.
Cao do bé mit 16p bé tong nén ngang bing bé
mit gidng mong (Hinh 10).

Bé téng nén, M=200

Vat li¢u dia phong, Base

Bé tong 16t + nén
Naoga
Mang Geomembrane

Palx2mm

Lwdi dia ki thuat

Xiday 2.0-5.0mm

— Vai dia ki thuat

—— Vat liéu dia phwong

Hinh 10. M6 hinh co ban ciu tric méng cong trinh chdng nhidm mén, ndm 4m: mé hinh co ban (a)
va mo hinh tich hop (b).

6. Két luan

i) Tro xi nhiét dién trudc day dugc xem la
phé thai cong nghiép, tuy nhién, cac nghién ctru
da cho thay can xem xét tro xi nhu nguon nguyén
vat liéu thtr sinh, c6 thé ung dung cho nhiéu muc
dich khac nhau, dic biét lam vat liéu xay dung.
Viéc nghlen clru Umg dung tro xi khong chi gop
phan giai quyét cac vin d& moi truong va tai
nguyén thién nhién, ma con gop phan dang ké
thuc day phat trién bén vimng va chi dong chong
bién ddi khi hau;

i) Dwa vao phén tich cac han ché ctia xi day,
tac gia da nghién ciru phat trién cong nghé chon
loc phan doan, giam hoat hoa va thay thé tung
phan dé san xuét thanh cong cat nhan tao. Cat
nhan tao nay la dang vét li€u xay dung mai, co6
cac dic diém hau nhu tuong duwong cat tu nhién,
¢6 kha ning thay thé hoan toan cat ty nhién;

iii) Tro bay va xi day cua nha may nhiét dién
cling di dugc nghién clru san xuit thanh cong
gach khong nung. Két qua nghién ciru tmg dung
tro xi nhiét dién Cao Ngan cho thiy c6 thé ding
luong tro bay bang 40% xi ming va 100% xi day
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thay thé cat tu nhién dé san xuat gach block véi
cuong d6 cao hon va gia thanh giam 16-21% so
v6i dung phdi lidu 13 d4 mat va cat tu nhién thong
thuong;

iv) Trong nghién ctu phat trlen mong cong

trinh chéng nhiém man va ndm am, xi day duoc
xé4c dinh 13 vat liéu c6 tinh mao dan kém, c6 thé
mg dung 1am vat liéu chong mao din néi chung
va chéng mao dan nudc min noi riéng. Téac gia
da dua ra cong nghé méi dé thiét ké mong cong
trinh st dung xi day co chuc nang chu dong
chbng nhiém man va ndm am. Pay 1a loai méng
cong trinh 14n dau tién duge dé cap va gioi thi¢u.

Tai liéu tham khao

(1]

(2]

(3]

(4]

(5]

(6]

Center for Science and Technology Information
and Statistics, Ho Chi Minh City Department of
Science and Technology, Technology Trend
Analysis Report: Trend of Application of
Thermoelectric Ash in the Production of Building
Materials, 2019.

S. A. Mangi et al., Short-Term Effects of Sulphate
and Chloride on The Concrete Containing Coal
Bottom Ash as Supplementary Cementitious
Material, Engineering Science and Technology, an
International Journal, Vol. 22, lIss. 2, 2019,
pp. 515-522,
https://doi.org/10.1016/j.jestch.2018.09.001.

M Singh, R. Siddique, Effect of Coal Bottom Ash
as Partial Replacement of Sand on Properties of
Concrete, Resources, Conservation and Recycling.
Vol. 72, 2013, pp. 20-32,
https://doi.org/10.1016/j.resconrec.2012.12.006.
A. I. F. A. Maliki et al., Compressive and Tensile
Strength for Concrete Containing Coal Bottom
Ash, IOP Conference Series: Materials Science and
Engineering, Vol. 271, 2017.

P. Aggarwal, Y. Aggarwal, S. M. Gupta, Effect of
Bottom Ash as Replacement of Bottom Ash as
Replacement of Fine Aggregates in Concrete,
Asian Journal of Civil Engineering, Vol. 8, No. 1,
2007, pp. 49-56.

K. N. V. Kumar, B. R. Hemalatha, S. B. Anadinni,
Study on Strength of Concrete Using Fly Ash and
Bottom Ash as a Partial Replacement for Cement
and Sand, International Journal of Informative &

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Futuristic Research (JIFR), Vol. 2, No. 7, 2015,
pp. 2344-2335.

M. P. Kadam, Y. D. Patil, Effect of Coal Bottom
Ash as Sand Replacement on The Properties of
Concrete With Different W/C Ratio, International
Journal of Advanced Technology in Civil
Engineering, Vol. 2, No. 1, 2013, pp. 45-50.

S. L. Kumari, S. Thandavamoorthy, Development
of High Performance Concrete Using Bottom Ash
as Fine Aggregate, International Journal of Civil
Engineering and Technology (IJCIET), Vol. 8,
No. 12, 2017, pp. 354-361.

A. Sato, S. Nishimoto, Use of Coal ash Generated
by Circulating Fluidized Bed Boiler for
Embankments in  Cold, Snowy Regions,
Proceedings of the 7™ International Symposium on
Cold Region Development, Sapporo, Japan, 2004.
Institute of Building Materials, R&D Project
Report Research on The Use of Circulating
Fluidized Coal Bottom Ash in Thermal Plant as
Building Materials, 2013.

N. N. Truc, N. V. Hoang, Comparative Study of
Capillary Rise Characteristics of Saltwater in
Loose Materials, Marine Georesources and
Geotechnology, 2021,
https://doi.org/10.1080/1064119X.2021.1993470.
N. N. Truc, N. V. Hoang, T. N. Tu, Capillary Rise
Characteristics and Saltwater Propagation in Fine
Aggregate: Toward Developing the Anti-Salinity
Shallow Foundation, CIGOS 2021, Emerging
Technologies and Applications for Green
Infrastructure, C. Ha-Minh et al., (eds.), 2021,
https://doi.org/10.1007/978-981-16-7160-9_101.
N. N. Truc et al., Capillary Characteristics and
Applicability of Coal Bottom Ash as Anti-
Capillary Salt Material for Coastal Constructions.
VNU Journal of Science: Earth and Environmental
Sciences, Vol. 36, No. 4, 2020, pp. 17-27.

Institute of Building Materials, Report on Research
and Application of Adobe Brick Production Using
Coal Bottom Ash of Na Duong Thermal Power
Plant, 2020.

ASTM C1585-20, Standard Test Method for
Measurement of Rate of Absorption of Water by
Hydraulic-Cement Concretes, American Society
for Testing and Materials, 2020.

Institute of Building Materials, Report on
Investigation and Survey of Industrial Waste
Sources Used as Construction Materials, 2015.


https://www.sciencedirect.com/science/article/pii/S2215098618314381#!
https://doi.org/10.1016/j.jestch.2018.09.001
https://www.sciencedirect.com/science/article/abs/pii/S0921344912002200?via%3Dihub#!
https://www.sciencedirect.com/author/6701385641/rafat-siddique
https://doi.org/10.1080/1064119X.2021.1993470
https://doi.org/10.1080/1064119X.2021.1993470

