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(57) Giai phap hitu ich dé cap dén gach xi than chung ap dugc mg dung trong linh vic
xdy dung. Gach xi than theo giai phap hitu ich dé cap bao gébm céc thanh phan chinh 13: xi
than, mica, zeolit, dung dich kiém héa hoc. Giai phap hitu ich c6 hiéu qua gitp giam thiéu
luong chét thai xi than thuong xuyén phai dua di xtr Iy ¢ bén ngoai nha may. Gach xi than
san xuét ra c6 tinh thAm my, do bén cao, kha ning chiu luc, chiu nhiét 16n. Bén canh do,
gach duoc san xuit theo phuong phap chung 4p, nén thoi gian san xudt nhanh, sir dung it
nhan lyc, va khong thai ra khi CO, ddc hai méi truong nhu gach nung.
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Linh vuc ki thuat dwoc dé cip

Giai phap hitu ich thudc linh vuc xay dung, cu thé 13 giai phap hiru ich dé cap dén
gach xi than chung 4p than thién v6i méi trudng, gitip giam luong chat thai xi than thuong
xuyén phai dua di xtt Iy & bén ngoai nha may. Hon nita, san phdm con c6 tinh thim m§, do
ctmg cao, kha ning chiu luc 16n, c6 thé st dung lam gach 8p trang tri.

Tinh trang k¥ thuat cia giai phap hiru ich

Xi than 13 mot loai chét thai trong qua trinh d6t than d4 tai cac nha may nhiét dién.
Hang nim, khéi luong xi than uéc tinh thai ra moi trudng kha cao, gy ra tinh trang 6 nhiém
nadng, lam bién dbi tinh chit cia dat, nu6e, anh hudng toi doi séng con nguoi. Bén canh do,
viée xir Iy s6 lugng 16n xi than thai ra mdi truong cling khién cac doanh nghiép, co quan
nha nuéc tén kém nhiéu chi phi, anh huéng x4u t6i nén kinh & chung.

Do d6, tn tai nhu cu tan dung luong xi than thai ra nay thanh vét liéu xay dung, tai
stt dung mot cach hiéu qua dé 1am giam 4p luc vé 6 nhiém mai trudng va thiét hai kinh té
cho dat nuéc.

Ban chit ky thuit ciia giai phap hitu ich

Muc dich clia giai phap hitu ich 12 d& xu4t mot loai gach xi than chung 4p than thién
v6i méi trudng, gitp giam lwong chat thai xi than thuong xuyén phai dua di xi Iy & bén
ngoai nha may, bén canh d6, san phdm con cé tinh thdm my, do cing cao, kha nang chiu
luc, chiu nhiét 16n, c6 thé str dung lam gach 6p trang tri.

Gach xi than chung ap theo giai phap hitu ich khong str dung phuong phap nung gach
thong thuong, ma sit dung phuong phap chung 4p dé 1am tao hinh va 1am cing vién gach,
do d6 c6 nhiét tri thap, khong phat thai khi CO, trong qua trinh san xuét, than thién v6i moi
trudng.

Ngoai thanh phan xi than, gach xi than chung ap theo giai phéap hitu ich con st dung
zeolit, mica, va mot s6 nguyén liéu phu gia khac, giup tdng do cing, kha nang chiu nhiét
cling nhu tinh thAm my cta gach. Do d6, gach xi than chung 4p theo giai phap hiru ich con
c6 thé duoc tng dung 1am gach &p trang tri.

Dé dat duoc muc dich trén, giai phép hitu ich d& xuét gach xi than bao gbm cac thanh
phén nhu sau: hdn hop nguyén liéu thé chiém 85-87% khdi lugng va dung dich kiém hoat
héa chiém 13-15% khéi luong, trong do,

hdn hop nguyén liéu thé chita cac thanh phan sau:

xi than chiém 77-87% khéi lwong hdn hop,
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zeolit chiém 3-8% khéi lugng hén hop,
mica chiém 5-15% khéi luong hdn hop,
dung dich kiém hoat héa c6 néng d6 45-50%, dugc pha ché tir:
nu6e chiém 50-55% khéi lugng dung dich,
natri hydroxit (ndng d6 99%) chiém 45-50% khdi luong dung dich.

Tir cac thanh phan nguyén lidu trén, giai phap hitu ich sir dung phuong phép chung
ap dé san xudt ra gach xi than hoan chinh, cu thé 13, c4c thanh phﬁn xi than, zeolit va mica
duoc sdy kho, nghién nho, rdi tron vio véi nhau tao thanh hdn hop nguyén liéu thé, sau d6
hdn hop nay duoc phéi tron vo1 dung dich kiém hoat hoa.

Tiép theo d6, phdi liéu nay duoc ép trong may ép khuén di hinh véi ap luc 200-300
kg/cm? dé tao thanh hinh vién gach, sau khi thanh hinh, vién gach s& duoc séy chung ap
trong budng say & nhiét d6 80 - 120°C luu trong 06-24 gio.

Vién gach d3 qua sy chung ap s& tiép tuc dugc siy kho & nhiét d6 90-120°C luu trong
1-2 gid, 10i dugc trang mot 16p chéng thAm bang chét bit kin silicon hodc mau polyme
chéng thim.

Trong qua trinh sdy chung ép, xi than, zeolit trong hdn hop nguyén liéu tho s& tac
dung v6i dung dich kiém hoat héa tao ra phan img héa hoc geopolyme héa. Phan tmg hoa
hoc nay tao nén mot két cAu méi 1a geopolyme, hay con goi 14 polyme v co loai natri-poly
(sialat), ddy 1a két cau c6 cuong dd climg cao va chiu dugc tinh an mon ciia cac chit hoa
hoc rét tét.

Phan tng geopolyme hoéa 1a mot phan tmg hoéa hoc dién ra gitta cac oxit ciia nhém va
silic vo1 dung dich c6 tinh kiém manh dé tao ra cac mach cé cau trtic ba chiéu rin chic chira
céc lién két Si-O-Al. Trong cac thanh phin cta giai phép hitu ich, dung dich kiém hoat héa
natri hydroxit déng vai trd 1 chét kich hoat phan tng geopolyme héa. Zeolit 13 mét loai
khoang chét silicat nhém (aluminosilicat), con xi than ¢ cac thanh phan chu yéu 13 silic
dioxit va nhom dioxit. Do d6, gach xi than dugc san xuét ra c6 dd cung, do bén cao.

Ngoai ra, thanh phan mica trong giai phap hitu ich gitp ting kha ning cach nhiét,
chéng néng ctia gach xi than, do mica c6 nhiét d§ néng chay cao. Bot mica ciing c6 tinh
bong déu 6ng 4nh, nén gitp ting tinh thAm m§ cua san phim gach.

MG ta chi tiét giai phap hitu ich

Sau ddy, giai phap hitu ich s& dugc mo ta chi tiét theo cic phuong 4n thuc hién co
ban. Luu ¥ ring phin mé ta nay chi nhim muc dich thé hién cc nguyén tic chung ma
khong gidi han pham vi cda gidi phéap hitu ich.
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Giai phap hitu ich d& cdp dén gach xi than chung ap than thién v&i méi truong, gitp
giam lwong chét thai xi than thudng xuyén phai dua di xir Iy & bén ngoai nha may, bén canh
do, san phém con ¢6 tinh thAim m¥, dd cimg cao, kha ning chiu luc, chiu nhiét 16n, c6 thé
st dung 1am gach 6p trang tri.

Thanh phan nguyén lidu dé san xuét gach xi than theo giai phap hitu ich gdm: hdn hop
nguyén liéu tho chiém 85-87% khdi lwong va dung dich kiém hoat héa chiém 13-15% khéi
lugng, trong do,

hdn hop nguyén liéu thd chira cac thanh phan sau:

xi than chiém 77-87% khdi luong hén hop,
zeolit chiém 3-8% khdi lugng hdn hop,
mica chiém 5-15% khéi luong hdn hop,
dung dich kiém hoat hoa c6 n?)ng dd 45-50%, dugc pha ché tur:
nuée chiém 50-55% khdi lugng dung dich,
natri hydroxit (ndng d6 99%) chiém 45-50% khéi luong dung dich.

Sau day, mdi thanh phin nguyén liéu trén s& duoc md ta mot cach chi tiét. Xi than 13
mot loai chét thai trong qua trinh dt than d4 tai cac nha may nhiét dién. Xi than st dung
trong giai phéap hitu ich dwoc ldy tir cic nha méy nhiét dién, 10 khi than, nha méy luyén
thép. .. Hai thanh phan héa hoc chi yéu trong xi than 13 silic dioxit va nhém dioxit.

Yéu cau dbi vai xi than: xi than duoc nghién nho véi 6 min thip hon 150 pm, giup
phan tmg geopolyme héa dién ra dé dang hon. Trong tong khdi lwong hdn hop nguyén liéu
tho, xi than chiém 77-87% khdi luong. Theo mdt phuong 4n uu tién, xi than chiém 79-86%
khéi lugng hdn hop, theo phwong 4n tdt nhét 14 chiém 85% khdi lugng hdn hop.

Néu ti 16 thanh phan cia xi than theo giai phap hitu ich vuot qua dinh lugng néu trén,
thi s€ c6 mot lugng xi than thira khong tham gia dugc vao phan ting geopolyme hoéa, xi than
thira nay s& trd thanh chit don trong gach, 1am giam d6 bén cta gach. Nguoc lai, néu ty 1€
xi than qua it thi cfing c6 thé khién phdi liéu khong thé thanh hinh vién gach nhu ¥, do dic
cua vién gach s€ bi giam.

Ngoai ra, theo mét phurong 4n khac, xi than trong giai phéap hitu ich c6 thé dugc thay
thé bang tro bay.

Zeolit 12 khoang chét silicat nhom (aluminosilicat) ctia mot s6 kim loai ¢6 c4u triic vi
xbp. C6 hai loai zeolit 13 zeolit tu nhién va nhan tao.
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Gach xi than theo giai phap hitu ich d& cap st dung thanh phan zeolit tu nhién, cé
cong thuc tong quét 13: Mexx0.A1L03.nSi02.mH,0. Trong d6, Me 1a cac kim loai kidm
hodc kiém thé, vi du nhu Na*, K*, Ca?*, Mg?*.

Trén thuc té, zeolit thuong duoc ting dung dé 1am chét xic tac trong cdc phan ung
héa hoc. Do zeolit c6 dic diém 1a céc ion duong (cation) nim ngoai mang lu6i tinh thé va
d& dang tham gia vao cac qua trinh trao ddi ion v&i cc cation khac. Pbi véi zeolit ty nhién,
céc cation d6 thuong 14 cation kim loai kiém (Na*, K*...) hay kiém tho (Mg?*, Ca%*...). Trong
giai phap hitu ich gach xi than nay, tac gia da sit dung zeolit tu nhién dé 1am chét xtic tac
trong phan tng geopolyme hda, gilp ting do cing cua gach.

Yéu ciu déi véi zeolit: zeolit dugc nghién nho véi ¢ min thap hon 150 pum. Trong
tong khéi luong hdn hop nguyén liéu tho, zeolit chiém 3-8% khéi luong. Theo mot phuong
4n uu tién, zeolit chiém 4-6% khéi lugng hdn hop, theo phuong 4n tét nhat 1a chiém 5%
khéi luong hdn hop.

Zeolit c6 tac dung tdng d6 cing, do bén cua san phém gach. Dinh lugng ty 1€ zeolit
néu trén da duoc tac gia tinh toan 13 phi hop dé gach xi than dat dugc dd bén ubn, do cung
thich hop. Ngoai ra, theo mot phuong an khac, zeolit c6 thé duogc thay thé bﬁng mot trong
cac nguyén liéu sau: cat, da voi, soi thiy tinh, meta kaolin, mudi silic, thach cao, thach anh.
Tuy nhién, zeolit 1a phwong an t&i wu nhét.

Mica 12 mot khoang vat thuéc nhém silicat, c6 chira cic chit khac nhau, trong dé
cha yéu 1a silic dioxit (SiO2) chiém khoang 49%, va nhém oxit (Al,03) chiém khoang 30%.
Day 13 hai hop chit c6 nhiét 46 ndng chay cao (cu thé, dbi v6i ALO; 14 2050°C, vé6i SiO»
12 1725°C), kha ning cach nhiét va chéng chay tét.

Loai mica dugc st dung trong giai phap hitu ich 14 mica tdm (phyllosilicat), c¢6 cong
thirc tong quat 13: X>Y4.6Zs020(0H,F)s, trong d6:

X c6 thé 1a mot trong cac nguyén t6 hoa hoc K, Na, Ca;

Y c6 thé 14 cc kim loai nhu Al Mg, Fe;

Z chu yéu 13 Siva Al

Mica tAm c6 tinh béng déu éng anh. Viéc thém mica vao thanh phan nguyén liéu
gitip gach xi than c6 kha ning cach nhiét va chdng chay tét, ddng thoi ting tinh thAm my
cua vién gach.

Yéu cau ddi v6i mica: mica c6 thé dugc nghién nho thanh bot min vaé1 kich thude
nhé hon 150 um, hoac dugc nghién duéi dang vay min véi kich thuée nhé hon lmm. Trong
tdng khéi lwong hdn hop nguyén liéu thd, mica chiém 5-15% khéi luong. Theo mot phuong
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4n wu tién, mica chiém 8-12% khdi lugng hdn hop, theo phwong an t6t nhat 13 chiém 10%
khéi luong hdn hop.

Ngoai ra, theo m¢t phuong an khac, mica c6 thé duoc thay thé bﬁng thuy tinh, hodc
d4 cAm thach. Tuy nhién, mica 13 phuong 4n t5i wu nhat.

Dung dich kiém hoat héa duoc pha ché tir nudc va natri hydroxit (ndng do 99%),
trong d6 natri hydroxit chiém 45-50% khdi lwong dung dich. Theo mdt phuong 4n khéc,
natri hydroxit ¢ thé dugc thay thé bing mét trong cac chét sau: kali hydroxit, natri silicat,
canxi hydroxit, canxi oxit, nhém hydroxit. Tuy nhién, phwong 4n uu tién van 13 natri
hydroxit. Theo thir nghiém ctia tac gia, viéc sir dung natri hydroxit 1am chét kich hoat phan
tmg geopolyme héa cé kha ndng mang lai cudong do nén cuia geopolyme cao hon so véi céc
phuong an con lai.

Tir céc thanh phan nguyén lidu trén, giai phap hitu ich sir dung phwong phap chung
ap dé san xuit ra gach xi than hoan chinh, cu thé nhu sau:

- c4c thanh phan xi than, zeolit va mica dugc siy kho, nghién nhé vé6i kich thudc nhu
d3 mo ta & trén, rdi tron déu cac thanh phan nay dé tao thanh hdn hop nguyén liéu tho.

- pha ché dung dich kiém hoat héa tlr nuéc va natri hydroxit, sau d6 tron dung dich
v6i hdn hop nguyén liéu tho tao thanh hdn hop nguyén liéu tho.

- tiép theo 6, sir dung may ép khuon di hinh dé ép phéi liéu trén thanh hinh vién gach,
ap luc ép riéng 200-300 kg/cm?.

- sau khi thanh hinh, vién gach s& duogc sdy chung ap trong budng sy & nhiét d6 80-
120°C luu trong 06-24 gio.

- vién gach d3 qua siy chung ap s& tiép tuc duoc siy khé & nhiét d6 90-120°C luu
trong 1-2 gidy, rdi duoc trang mét 16p chdng thdm bang chét bit kin silicon hodc mau polyme
chéng tham.

Vi du thwc hién gidi phap hitu ich
Sau day, giai phép hitu ich s€ dugc minh hoa bdi mét vi du thuc té:

Vi du v& san xuit mot vién gach xi than chung ap c6 kich thudc 100 x 200 x 7 mm.

Tru6e tién, chudn bi cic thanh phin nguyén liéu dé san xuét vién gach bao gdm hdn
hop nguyén liéu tho 312,8 g va dung dich kiém hoat héa 50 g, trong do:

hén hop nguyén liéu thd chira cac thanh phan sau:
xi than: 265,88 g,
zeolit: 15,64 g,
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mica: 31,28 g,

dung dich kiém hoat héa c6 néng do 50%, duogc pha ché tur:
natri hydroxit (ndng d6 99%): 25 g,

nudc: 25 g.

Céc thanh phan xi than, zeolit va mica duoc sdy kho, nghién nho véi kich thuéc nho
hon 150 pm 1di tron vio véi nhau tao thinh hdn hop nguyén lidu tho, hdn hop nay duoc
phéi trén véi dung dich kiém hoat héa.

Tiép theo d6, phdi lidu ndy duogc ép trong may ép khudn di hinh véi ap luc 300 kg/cm?
@ tao thanh hinh vién gach, sau khi thanh hinh, vién gach s& dugc sdy chung 4p trong
budng sy & nhiét do 100°C Iuu trong 20 gid. Sau khi ép thanh vién va siy chung 4p, thu
duoc vién gach c6 kich thude 100 x 200 x 7 mm, khdi lwong khoang 340 g (do qua trinh
sdy chung 4p d3 1am bdc hoi mot phan lwong nuéc trong phéi liéu san xuat vién gach).

Vién gach dd qua sdy chung ap s& tiép tuc duoc sdy kho & nhiét d6 90°C luu trong 2
gio, roi duoc trang mot 16p chéng thdm béng chét bit kin silicon.

Gach xi than theo vi du trén s& dugc mang thlr nghiém so sanh véi cac loai gach lam
tr Xxi mang tréng, dua trén ba tiéu chi:

d6 bén udn (dugc xac dinh biang cach ap dung theo TCVN 6415-4:2016);

d6 hit nuée (duoc xac dinh bang cach 4p dung theo TCVN 7132:2002);

d6 bén hoa hoc (dugc x4c dinh bing cach 4p dung theo TCVN 6415-13:2016).
Két qua dugc thé hién trong bang 1 dudi day:

Béang 1: Két qua so sanh cac dic diém gitta gach xi than va gach 1am tir xi mang tring

Tiéu chi Gach xi than chung ap Gach xi ming tring
D6 bén udn (MOR.), kg/cm? 160 kg/cm? 35-125 kg/cm?
Do hut nude (%) 15% 11-15%

D6 bén hoa hoc (trong lugng mét di
khi ngadm trong dung dich bazo 01 0% 0-2.5%
gid) ’
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D6 bén hoa hoc (trong luong mat di
khi ngdm trong dung dich axit 01 0.05%

1,5-16%
gio)

Tir sb liéu néu trong bang trén thiy rang gach theo giai phép hitu ich c6 céc dic tinh
k¥ thudt nhu sau:

- P06 bén udn cta gach xi than 16n hon hau hét cac loai gach xi ming tring thong
thuong. Vé d6 bén héa hoc, trong luong gach mét di khi ngam trong dung dich axit 01 gi¢
1a khong dang ké, va ciing thap hon gach xi mang tring. Piéu nay 13 do tac gia da su dung
zeolit 1am chat xdc tac trong phan ting geopolyme hoa gifta xi than va dung dich kiém hoat
héa, gitp ting tdc d6 va hiéu qua cia phan ting trén, tao ra két ciu geopolyme do bén cao
v6i cdu tric ba chiéu ran chac chita céc lién két Si-O-Al. Dy 14 két ciu c6 cudng do cliing
cao va chiu dugc tinh n mon cua cac cht hoa hoc rt tt.

- V& d6 hut nude: d6 hit nuée ctia gach xi than cao hon céc loai gach xi mang tring,
nhung van dap tng tiéu chuin k¥ thuat thudc nhém Gach c6 d6 hit nuée cao (nhém I10)
trong TCVN 7132:2002.

Bén canh d6, d6 hiit nudc clia gach cling can phai pht hop v6i muc dich st dung cta
vat liéu xay dung nay, vi du: cac loai gach xay dung (gach block) can ¢ d6 hat nudc cao
hon dé c6 do bam dinh t5t, con cac loai gach p trang tri thuong yéu cau do hit nudce thap
hon (dam bao d§ hut nuée theo TCVN 7132:2002). Déi v6i gach xi than trong giai phap
hitu ich, tdc gia c6 thé diéu chinh ¢ giam d6 hut nudce bing cach trang mot 16p chéng thAm
bang chét bit kin silicon, va tdng ham lugng mica trong phéi liéu, vi mica c6 tinh chat vat
1y 1a khong thAm nuée, nén ngoai muc dich thAm m§, viéc dwa thém mica vao trong phéi
lidu ciing gitip gidm d6 hiit nudc chia gach dung dé dp trang tri. Nguoc lai, néu sir dung lam
gach xay dung, tac gia c6 thé gidm ham luong mica trong phéi liéu va khong trang 16p
chéng thim.

Nhu v4y, gach xi than chung 4p theo gidi phap hitu ich dé cap da c6 hidu qua gilp
giam thiéu lwong chit thai xi than thudng xuyén phai dua di xu ly & bén ngoai nha may.
Gach xi than san xuit ra c6 tinh thim my, do bén cao, kha nang chiu luc, chiu nhiét 16n.
Bén canh d6, gach dugc san xuét theo phuwong phép chung 4p, nén thoi gian san xut nhanh,
st dung it nhan luc, va khong thai ra khi CO» ddc hai méi truong nhu gach nung.
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YEU CAU BAO HQ
1.  Gach xi than chung 4p c¢6 thanh phin bao gébm hdn hop nguyén liéu thd chiém 85-
87% khdi lugng va dung dich kiém hoat héa chiém 13-15% khéi luong, trong d,
hén hop nguyén lidu thé chira cac thanh phan sau:
xi than chiém 77-87% khéi lugng hdn hop,
zeolit chiém 3-8% khdi luong hén hop,
mica chiém 5-15% khdi lugng hdn hop,
dung dich kiém hpat hoa cé néng do 45-50%, duoc pha ché tur:
nuéc chiém 50-55% khbi lugng dung dich,
natri hydroxit ndng d6 99%, chiém 45-50% khéi luong dung dich.

2. Gach xi than theo diém 1, trong d6, c4c thanh phan xi than, zeolit va mica dwoc siy
kho, nghién nhé véi kich thuéc nhd hon 150 pm, rdi trén vao v&i nhau tao thanh hdn hop
nguyén liéu tho, hdn hop nay duoc phéi tron voi dung dich kiém hoat hoa;

tiép theo d6, phéi liéu nay duoc ép trong méay ép khuon di hinh véi p luc 200-300
kg/cm? dé tao thanh hinh vién gach, sau khi thanh hinh, vién gach s& dugc sdy chung 4p
trong budng siy & nhiét d6 80-120°C luu trong 06-24 gid;

vién gach da qua séy chung ap sé tiép tuc duoc sdy kho & nhiét 6 90-120°C Iuu trong
1-2 gio, 10i duge trang mot 16p chdng thidm bang chét bit kin silicon hoic mau polyme
chéng thim.

3. Gach xi than theo diém 2, trong d6 mica dwoc nghién dudi dang vay min véi kich
thudc nho hon 1mm.

4.  Gach xi than theo diém bat ky trong sb cac diém néu trén, trong d6, tot hon 14 xi than
chiém 79-86% khéi lugng hdn hop, tot hon nita 14 chiém 85% khéi lwvong hdn hop.

5. Gach xi than theo diém bat ky trong s6 céc diém néu trén, trong d6 tdt hon 1a zeolit
chiém 4-6% khdi lugng hdn hop, tét hon nita 14 chiém 5% khéi luong hén hop.

6.  Gach xi than theo diém bit ky trong sb c4c diém néu trén, trong d6 t6t hon 1a mica
chiém 8-12% khéi luong hén hop, tt hon nita 1a chiém 10% khdi lvong hén hop.





