TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 56.2021

NGHIEN CUU THUC NGHIEM SAN XUAT GACH KHONG NUNG TU
TRO PAY VA TRO BAY CUA NHA MAY NHIET PIEN NGHI SON

Luwu Dinh Thi!, Lé Thi Thanh TaAm!
TOM TAT

Bai bdo nghién ciru cdc ddc tinh ky thugt cia gach khéng nung duwoc san xuat tir tro ddy
va tro bay cua nha mdy nhiét d@ién Nghi Son. Tro bay dwoc sir dung thay thé 0%, 30%, 50%
va 70% Xi mdng, trong khi tro ddy duwoc sir dung nhw cét liéu nhé. Két qua thi nghiém cho
thay, cwong dg chiu nén cua cde mau gach dat mde M10, M7,5 va M5,0 twong 1mg Véi ham
lirong tro bay sir dung la 30%, 50%, va 70%. Vdn tac truyen xung siéu dm, khoi lwong thé ich
va hé sé dan nhiét giam, trong khi dé hiit nwéc ciia cde mau gach tang khi tang ham lirong tro
bay. Tuy nhién, chat heong cdc mau gach diroc danh gid tiong doi tot twong 1mg Véi gid tri
vdn toc truyén xung siéu dm lén hon 2200 my/s.

Tir khéa: Gach khéng nung, tro day, tro bay, cuong do chiu nén, khéi lirong thé tich,
dé hiit nwéc, van téc truyén xung siéu dm, dg truyeén nhiét.

1. PAT VAN BE

Gach 1a mét trong nhitng vat liéu xay dung phé bién khong chi ¢ Viét Nam ma con
trén pham vi toan cau. Hién nay, gach khong nung duoc nghién ciru va phét trién rat da dang,
chu yéu sir dung céc loai vat liéu 1a phé thai trong san xuét cong nghiép nhu tro bay, tro triu
nghién va céc rac thai khac tir cic mo khai thac quing vang, dong, ... Trong do, viéc sir dung
tro bay (phé thai ciia nha may nhiét dién) duoc nghién ciru va sir dung phé bién nhat [1-4].
Tuy nhién, chat lugng cua gach phu thudc vao cht lwong cua tro bay dwoc sur dung [5]. Trong
khi d6, mdi nha may nhiét dién chay than thai ra loai tro bay c6 tinh chat khac nhau.

O Viét Nam, gach khong nung ciing dugc nghién ciru va sir dung kha phé bién, mdi
nim khoang 40 triéu vién duoc tiéu thy, phuc vu cho nganh cong nghiép xay dung. Nguyén
Vin Chéanh cing cac cong su [6] da ché tao thanh cong gach khong nung sir dung 40-80%
khéi luong 1a tro bay, con lai 1a bun do. San pham gach tao ra c6 cuong do dat 9,8-18,6 MPa,
dd hut nudc 5,2-12,7%. Tuy nhién, trong cac nghién ctru nay dé dam bao cac dic tinh vat ly
(dic biét 1a cuong d6 nén) thoa man theo tiéu chuén, cac tac gia déu phai két hop véi phu
gia hoat hoa. Piéu nay 1am cho gi4 thanh san pham cao, hiéu qua kinh té kém, kho co thé
g dung san xuat trong thuc té. Ngoai nhimg nghién ctru trén, hién nay mot s6 tac gia da
hudng dén viéc tai s dung tro day tir cic nha may nhiét dién, tuy nhién nhitng nghién cau
nay con it dugc cong bd.

Bai bao nay, tac gia nghién ctu sir dung dong thoi ca tro bay va tro dy trong san xuat
gach khong nung. Trong dé, tro bay duoc st dung dé thay thé xi mang v6i ham lu
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ong lan lugt 1a 30%, 50%, va 70%; tro day dugc str dung nhu ¢t liéu nho. Tro bay va
tro day trong nghién ctru nay duoc Iy tir nha may nhiét dién Nghi Son, tinh Thanh Héa. Cac
dic tinh k¥ thuat ciia gach khong nung duoc san xuat chu yéu tir phé thai caa nha may nhiét
dién Nghi Son (tro dy va tro bay) nhu: cuong d6 chiu nén, khéi luong thé tich, do hit nuéc,
van toc truyén xung siéu am va do truyén nhiét dugc trinh bay trong nghién ctru nay.

2. VAT LIEU VA PHUONG PHAP THI NGHIEM
2.1. Vit liéu

Nghién ctru nay st dung xi mang Nghi Son PCB40 va tro bay ctia nha may nhiét
dién Nghi Son 1am chit két dinh, khéi luong riéng cia ching lan luot 13 3,12 tin/m® va
2,16 tin/m®. Cac thanh phan héa hoc cua xi ming va tro bay duoc trinh bay trong bang 1.
Theo tiéu chuan ASTM C618 [6], tro bay sir dung trong nghién ctru nay 1a tro bay nhom
F, v6i tong ham lugng (SiO2+ AlOs + Fe203) 16n hon 70%. Céac nghién ctru truge day
[1-3] st dung tro bay tuyén c6 luong mat khi nung nhé hon 6%, pht hop véi tiéu chuan
ASTM C618 [7]. Tro bay sir dung trong nghién ctru nay 14 tro bay thd, v6i lugng mat khi
nung 1én dén 15,8%, 16n hon nhiéu o Vé&i yéu cau cua tiéu chuan ASTM C618. Viéc sur
dung tro bay thé chua qua tuyén chon trong san xuat gach khong nung gép phan lam giam
gi4 thanh san xuat va anh huong cua né 1én cac dic tinh k¥ thuat cua gach khong nung sé
dugc danh gia trong nghién ctru nay. Tro ddy cua nha may nhiét di¢n Nghi Son dugc st
dung dé lam ct liéu nho, cac tinh chat ca nd bao gdm: khéi lugng riéng 2,1 tin/m?®; khéi
lugng thé tich kho 1,13 tin/m®; 6 4m 5,56%; dudng kinh hat 16n nhit 5 mm va mé dun
do 16n 2,09.

Bang 1. Thanh phan héa hec ciia xi ming va tro bay (% theo khéi lrgng)

Thanh phan Luong mat
PR o, | AlOs |Fes0s| Ca0 [MgO | SOs | K20 | Na:O | Khae |92 ™
(%) khi nung

X1 mang 224 | 53 | 40 |[559]28 |21 |08 | 03 | 45 19
Tro bay 4841204 | 48 | 28 |14 |02 |11 | 08 | 43 15,8

2.2. Thiét ké thanh phan gach khong nung

Céac miu gach khong nung trong nghién ctru nay duoc thiét ké vai ti 1é nudc - chat két
dinh (N/CKD) 14 0,38; thanh phan cac hdn hop dugc trinh bay trong bang 2. C6 tat ca 4 mau
gach v&i ham lwong tro bay thay thé xi mang lan lugt 14 14 0%, 30%, 50% va 70%. Muc dich
cua viéc thiét ké 4 mau voi ham lugng tro bay khac nhau nham danh gia ham luong tro bay
t6i wu co thé thay thé cho xi mang. Tt ca cac mau gach déu sir dung 100% tro day lam cot
liéu nho. Cach dit tén cac hdn hop gach khong nung nhu sau: A 1a ki hiéu mau; cac sé dung
sau (0, 30, 50 va 70) chi ham lugng phén tram tro bay twong mg (tinh theo khdi lugng) dugc
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sir dung dé thay thé xi mang. Vi du: A-30 1a mau gach khong nung sir dung 30% tro bay
thay thé xi mang.
Bang 2. Thiét ké thanh phan gach khong nung (kg/m?)

Mau Ty lé N/CKD | Ximing Tro bay Tro day Nuéc
A0 3782 0,0

A-30 0,38 2648 1135 1543,5 143,7
A-50 189,1 189,1

A-70 1135 264.8

2.3. Chuan bi miu va phwong phap thi nghiém

Viéc chuan bi cac mau gach khong nung va cac thi nghiém dugc tién hanh tai xudng
thuc hanh, khoa K§ thuat céng nghé, truong Pai hoc Hong Bic. Sir dung may tron vira dé
tron hdn hop vat liéu dung dé duc gach. Trudc tién cho cac vat liéu kho (tro day, tro bay, xi
ming) vao tron déu trong khoang 1-2 pht, tiép d6 cho nudc vao tron cho dén khi duoc hdn
hop dong déu.

Tién hanh duc mau véi khudn thép hinh chir nhat c6 kich thudc 160x85x40 mm, ap hrc
nén ta0 mau khoang 0,5 MPa. Céc dic tinh ctia gach khong nung bao gém: khéi lwong thé tich,
cuong do chiu nén, do hut nude duge xac dinh theo TCVN 6477-2016 [8]. Trong khi van toc
truyén xung siéu am cua gach dugc thuc hién theo tiéu chuidn ASTM 597 [9], hé sb dan nhiét
cua gach duoc do truc tiép bang méay chuyén dung ISOMET-2114. Cudng d6 chiu nén va van
t6c truyén xung siéu am cia gach dugc xac dinh tai 3, 7, 14, va 28 ngay tudi, trong khi cac thi
nghiém khac duoc tién hanh & ngay tudi thir 28 cia gach. Két qua dugc trinh bay trong bai bao
nay 1a gia tri trung binh cua 3 mau thi.

3. KET QUA VA THAO LUAN
3.1. Cwong do chiu nén

Su phat trién cudng do chiu nén ciia cac mau gach khong nung duoc thé hién nhu
hinh 1. Nhin chung, cudng d6 ciia cic mau gach ting theo thoi gian. Cac mau gach khong
st dung tro bay c6 cudong do chiu nén cao nhat. Cudng do chiu nén giam dan khi ham
lugng tro bay thay thé xi mang trong gach ting 1én. Diéu nay duoc giai thich bai cuong
d6 chiu nén ctia mau gach phu thudéc chi yéu vao ham luong xi mang. Thé hién bang
phuong trinh phan tng thuy hoa cua xi mang:

(CS, CS)+HO0—>C-S-H+Ca(OH), (1

Trong dé: C3S va C,S 1a cac 6 xit CaO, SiOz ¢6 sin trong thanh phan cua xi mang nhu
trinh bay ¢ bang 1. Khi ham luong xi mang nhiéu, san pham C-S-H (da nhan tao) duoc tao
ra nhiéu hon. San pham nay 1a thanh phan chinh tao nén cudng d6 cua gach khong nung sau
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khi déng ran, chinh vi vay khi ham luong xi ming trong gach cao s& 1am cho cudng do chiu
nén cua gach 16n hon.
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Cudng do chiu nén (MPa)
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Hinh 1. Cudng d¢ nén

Céac mau gach st dung 30% tro bay thay thé xi ming c6 cudng do chiu nén & 28 ngay
tudi dat gia tri trung binh 1a 11,25 MPa, 16n hon 10 MPa, thudc loai gach c6 cuong do nén cao
(méc M10) theo TCVN 6477-2016 [8]. Khi ham lugng tro bay thay thé xi méing tang 1én 50%,
cuong do cac mau gach & 28 ngay tudi giam xudng, dat gia tri trung binh 7,88 MPa. Cac miu
gach nay thudc loai gach mac M7,5 theo phan loai trong TCVN 6477-2016 [8]. Khi ham lugng
tro bay thay thé xi mang tang téi 70%, cudng d6 nén trung binh cuia gach & 28 ngay tudi dat
gia tri 5,96 MPa thugc loai gach mac M5,0 theo phén loai trong TCVN 6477-2016 [8]. Nhu
vay V& mat cudng do, loai gach khong nung sir dung 100% tro day lam cét liéu nho két hop
V6i tro bay thay thé xi mang tir 30-70% trong nghién ctru nay hoan toan dap tmg dugc yéu cau
vé cudng do chiu nén theo TCVN 6477-2016 [8].

3.2. Van téc truyén xung siéu am

Dé danh gia su ddng nhét vé két cdu va chit luong twong dbi cua gach khong nung
cling nhu sy c6 mat cua cac 16 réng va vét nat, thi nghiém do van téc truyén xung si€éu am
trong gach duoc thuc hién theo tiéu chuan ASTM C597 [9]. Van tdc truyén xung siéu 4m
clia cac mau gach dugce xac dinh & cic ngay tudi 3, 7, 14 va 28 ngay. Hinh 2 thé hién két qua

thi nghiém xéac dinh van tc truyén xung siéu 4m ctia cac mau gach.
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Tuong tu nhu cudng d6 chiu nén, van téc truyén xung siéu 4m cuia cic mau gach c6
gi4 tri ting dan theo thoi gian. Theo nghién ctru ciia Ngo Si Huy va cac cong su [10], chét
lwong cua gach khong nung dat chat luong tét néu van tdc truyén xung siéu 4m 16n hon 1700
m/s. Két qua thi nghiém duoc thé hién ¢ Hinh 2 cho thay: van téc truyén xung siéu am cua
cac mau gach ¢ 28 ngay tudi 16n 2200 m/s, c6 nghia 1a chat lugng gach twong ddi tot va ting
dan theo thoi gian. Diéu nay hoan toan co thé duoc giai thich tvong ty nhu véi cudng do
nén. Nguyén nhan 13 do sy gia ting nhanh chong san pham C-H-S duoc tao ra tir cac phan
ung thay hoa xi mang (phuong trinh 1) va phan Gmg puzolan héa cua tro bay

Ca(OH), +Si0, »C—-S-H 2)

Phuong trinh 2, 1am cho két cu bén trong ctia mau duoc cai thién dang ké dan dén
van toc truyén xung siéu 4m clia cic mau gach ting 1én theo ngay tudi. Luru ¥ rang trong qua
trinh thity hoa ctia xi mang, song song vai san pham d4 nhan tao C-S-H, hop chat Ca(OH),
¢6 cuong do thép cling dugc tao thanh. Tuy nhién, nho ¢6 ham lugng SiO; trong tro bay cao,
phan tmg Puzolan (phuong trinh 2) x4y ra, bién gan nhu hoan toan Ca(OH), thanh d4 nhén
tao, 1am tang thém cuong d va do dac chéc cua gach.

Céc mau gach c6 ham luong tro bay thay thé xi méing cang 16n thi c6 van téc truyén
xung si€u am do dugc cang nho. Van tdc truyén xung siéu am phu thudc vao do dac chic
cua gach, do d6 con phu thudc vao khdi lwong don vi thé tich ciia gach. Nguyén nhén, do
tro bay c6 khdi lwong riéng nho hon xi ming, nén khi thay thé xi ming bai tro bay, van téc
truyén xung siéu am giam. Két qua nay ciing lién quan dén tdc do cac phan tmg puzolan cua
tro bay cham xay ra hon so vdi cac phan tng thiy hoa cta xi mang.

3.3. Khoi lwgng thé tich

Khéi lugng thé tich cua gach 1a thong sb quan trong anh huong dén két ciu cong trinh
xay dung. Gach cang nhe thi tai trong tic dung vao cong trinh cang giam, dan dén kich ¢
két cAu giam, 1am giam gia thanh xay dung. Tuy nhién khéi lugng thé tich ciia gach lai ti &
thuan véi cuong do nén va ti 1€ nghich vai d6 hut nude cua gach. Hinh 3 thé hién tuong quan
giira khdi Iwong thé tich cua mau gach voi ham luong tro bay thay thé xi mang.
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Hinh 3. Khdi lwgng thé tich
Nhu ¢6 thé thiy trén hinh 3, khdi lugng thé tich ctia cac mau gach trong nghién ctru nay
c6 gia tri tir 1,46 tin/m® dén 1,6 tin/m®, thap hon nhiéu so vé&i gach khong nung thong thuong
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sir dung xi mang va da mat (2,0 - 2,5 tin/m®), tham chi con thap hon ca khéi lugng thé tich
ctia gach do truyén thong hién nay (1,8 tin/m®). Biéu nay duoc giai thich 1a do khéi lwong
riéng clia xi mang va da mat 1an luot 1a 3,12 va khoang 2,6 - 2,7 tin/m?, trong khi khéi luong
riéng ciia tro bay va tro day lan luot 14 2,16 va 2,1 tin/m°. Chinh vi vy, viéc lya chon tro bay
va tro day dé thay thé cho cac vat liéu truyén thong 12 xi mang va da mat s& 1am giam dang ké
khéi lwong ciia vién gach. Bén canh dé, ¢6 thé thay rang ham luong tro bay cang ting thi khoi
lwong thé tich cua vién gach cang giam. Diéu nay ciing dugc giai thich boi khdi lugng riéng
clia tro bay 1a 2,16 tan/m® thip hon nhiéu so vai 3,12 tan/m® 1a khdi lugng riéng cta xi méng.

3.4. P§ hut nwéc

D6 hit nude 1a mot yéu t6 quan trong cua gach khong nung, anh huéng dén sy hap thu
nudc tr vira, sy dinh bam cua gach va vira trong qua trinh xay dung. Do hit nudc cling phan
anh gian tiép tinh tham ctia gach. Do d6 né lién quan dén kha ning chdng an mon hoa hoc cua
gach. Boi vay TCVN 6477 - 2016 [8] yéu cau do hut nuéc cia gach khong nung khong duoc
vuot qua 14%. Tuong quan giita ham lugng tro bay thay thé xi mang va d6 hut nudc cua gach
khong nung duoc thé hién nhu hinh 4. Trong nghién ciru ndy, d6 hut nuéc cua gach thay doi tir
15,5 - 17,8% va tang theo su gia ting cua ham lugng tro bay thay thé xi ming. Piéu nay dugc
giai thich boi ap luc tao miu trong nghién ctru nay tuong ddi thip, chi khoang 0,5 MPa, 1am cho
két chu c6 do dic chic kém, 16 rong nhiéu lam tang d6 hat nude. Thém vao, cac hat tro day co

két cau twong ddi rong [4] khién cho kha ning hut nuwdc ciia né va ciia gach khong nung ting.
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Hinh 4. D hut nwéc
Mic du do hat nuéc cua tat ca cac mau gach trong nghién ctru déu cé gia tri Ion hon
14% theo quy dinh cia TCVN 6477 - 2016 [8], tuy nhién ching hoan toan c6 thé st dung
dugc cho cac két cdu tam khong c6 yéu cau khit khe vé chéng tham. Hon nita, khi xay dung,
kha nang chéng tham cua gach dugc gia cudng thém bai hai 10p vira xi méing trat. Trong san
Xuat thuc té c6 thé st dung lre nén tao mau 16n hon dé giam d6 hut nudc caa gach.

3.5. Pj truyén nhigt

Do truyén nhiét 1a dai lugng dic trung cho kha niang dan nhiét cua cac vat liéu.
Hinh 5 thé hién hé s dan nhiét cua cac miu gach tai 28 ngay tudi. Hé s6 dan nhiét cua
cic mau gach giam dan theo sy gia ting cia ham lugng tro bay thay thé xi mang, dat gia
tri tir 0,378 - 0,657 W/mK. Hé sb dan nhiét c6 lién quan dén d6 am va khdi luong thé
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tich cua mau gach [4]. Cac mau gach c¢6 ham luong tro bay cao, twong ung véi khoi

lugng thé tich giam, dan dén hé sb dan nhiét giam.
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Hinh 5. P$ truyén nhiét

4. KET LUAN

Bai béo trinh bay cac két qua thuc nghiém vé cac dic tinh ctia gach khong nung duoc
san Xuat tir tro day va tro bay ctia nha may nhiét dién Nghi Son. Mot s6 két luan chinh duoc
rut ra nhu sau:

Cudng d6 chiu nén cua cac mau gach giam khi ting ham luong tro bay thay thé xi
ming, tuy nhién gia tri tai 28 ngay tudi ddi voi cac mau gach s dung ham lugng tro bay
thay thé xi méng 1an lan lugt 1a 30%, 50%, 70% van dat mac tuong Gmg 1a M10, M7,5 va
MS5,0 theo quy dinh cua TCVN 6477 - 2016.

Khi tang ham luong tro bay thay thé xi mang, van toc truyén xung siéu 4m, do truyén
nhiét va khéi luong don vi thé tich cua gach giam, trong khi do hit nuwéc ting. Tuy nhién,
van toc truyén xung siéu 4m cua cac mau gach van 16n hon 2200 m/s.

Dé nang cao chét lugng dong thoi giam do hut nudc cua gach, trong san xuat thyc té
nén ting ap luc nén tad Mau.
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EXPERIMENTAL INVESTIGATION ON THE UNFIRED BUILDING
BRICKS PRODUCED FROM BOTTOM ASH AND FLY ASH OF
NGHI SON COAL POWER PLANT

Luu Dinh Thi, Le Thi Thanh Tam
ABSTRACT

This paper investigates the properties of the unfired building bricks produced from
bottom ash and fly ash from Nghi Son coal power plant. Fly ash was used to replace 0%,
30%, 50%, and 70% cement, while bottom ash was used as fine coarse aggregate. Test
results indicate that the compressive strength of these bricks reach garde M10, M7.5 and
M5.0 coressponding to fly content of 30%, 50%, and 70%. The ultrasonic pulse velocity,
bulk density, and thermal conductivity of the bricks reduces, while water absorption of the
bricks increases with increasing fly ash content. However, the quality of these bricks is good
with the ultrasonic pulse velocity of above 2200 m/s.

Keywords: Unfired building brick, bottom ash, fly ash, compressive strength, bulk
density, water absorption, ultrasonic pulse velocity, thermal conductivity.
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