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NGHIEN CU’'U SAN XUAT FRIT VA MEN FRIT

TRANG LEN TAM OP LAT CERAMIC
PRODUCING FRIT AND FRIT GLAZE FOR CERAMIC TILE

NGUYEN VAN DUNG
Trwong Dai hoc Bach khoa — Dai hoc Pa chng

TOM TAT

Hién nay trén thj trwéng nhu cau tiéu dung gach men rat I6n, kéo theo nhu cau vé
men frit trang 1&n tAm &p Iat ceramic rat cao. Dé tai da tim ra cac bai cap phéi frit
(trong, duc, m&) dé cé dwoc san pham men frit chat lwong tét, tv do tim ra dwoc
khoang ham lwong cac oxyt thich hop dbi voi phéi liéu san xuét frit dung cho
gach men theo céng nghé nung nhanh hai lan hay mét 1an.

ABSTRACT

The need of ceramic tile is rising enormously. In this paper, the mixture
compositions for gloss, opaque and mat frit and the conditions for producing frit
glaze are presented. The optimal intervals of oxide content in frit chemical
compositions for achieving the best frit for ceramic tile (with single or double firing)
are also proposed.

1. Mé& dau

Hién nay, trén thi trudng nhu cdu men frit trang 1én tAm Op 14t ceramic rat
cao. Lop men phu thanh mot mang thuy tinh mong lam ting d6 bén co hoc, hoa
hoc cua san phém dé)ng thoi bao vé cho san phém khéi bi xam nhap cua chét long
va khi, 1am cho bé mat nhin béng va co do anh dep, nang cao chit lugng cua san
pham. Ngoai ra, thuong c6 thém mot 16p mau trang tri ciing voi 16p men dé nang
cao tinh thim m¥ cta bé mat men.

Theo cong nghé hién nay, gach men dugc nung nhanh trong 10 rollic, nhiét
dd nung khoang 1080 — 1160°C, chu ky nung 35 — 45 phut. Véi 10 rollic, nhi¢t do
nung dugc khdng ché rit chinh xac va ddng déu. Yéu cau nung nhanh - nhiét do
nung thap doi hoi phai thay doi thanh phan xuwong cho phu hop va phai sir dung
men frit. Frit 1a mot dang thuy tinh nén men frit d& chay khi nung, tao diéu kién co
thé ha thap nhiét d6 nung men, men s& nhanh chay do d6 s& dap tng tot nhu cau
nung nhanh dé tiét kiém ning luong.

Frit nghién ctru duoc dung dé 1am men trang 1én xuong hay moc tam 6p lat
cia nha may gach men Dacera Da Naéng. Trong truong hop tim lat, men s& duoc
trang 1én moc, ddi voi tAm Op, men s& dugc trang 1én xuwong di nung lan mot. Dé
tai quan tam dén ba loai frit thong dung nhat 1a frit trong, frit duc, frit matt dé san
xudt men trong, men duc va men matt (mo), cac loai frit nay phai c6 nhiét d6 nong
chay trung binh va thip (1000+1190°C), hé sé dan nd nhiét tir 5,0+7,2.10°.K™* ¢é
phu hop véi mgc va xuong ciia nha may gach men Dacera.
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2. Thi nghiém

2.1. Nguyén li¢u

Nguyén liéu dé nau frit gdm cat Hoa Khanh (13 nguyén liéu chi yéu tao
thuy tinh) va cdc nguyén li¢u tr¢ dung khac nhu axit boric (MJ), sdda, kali
cachdnat, bari cacbonat, 6xyt kém (Trung Qudc), trang thach (An Do), da voi,
d6lomit (Thanh Hod). Nguyén li¢u tao duc dung zircon silicat (Tay Ban Nha).
Ngoai ra con dung oxyt nhom (Italia) trong truong hop can thiét dé cai thién do
ctng ciia men. Khi nghién men c6 cho thém chat dién giai STPP va chét bao vé
keo CMC dé cai thién tinh chét luu bién cua men.

2.2. Thi nghiém

Dua trén thanh phan hoa dé xac dinh thanh phan phdi liéu cta ting loai
frit, tién hanh nau frit, sin xuat men va trang men 1én xwong da nung lan mot (d6i
v6i tim 6p) hay 1én moc (d6i voi tim lat), dua ban thanh pham di nung va sau do
danh gia cac tinh cht k¥ thuat ciia men frit dé tir 46 so sanh, lya chon ra nhiing bai
frit t6i uu. Trong két qua nghién ctru, thoi gian chay ctia men xac dinh bang dung
cu Ford cup, khoi lugng thé tich x4c dinh bang dung cu do khdi lwong thé tich cua
men st dung tai nha may. Céc chi tiéu chét luong bé mit men nhu do trong - duc,
d6 bong - mo, d6 phang, cac vét nit ran hay khuyét tat khac duoc danh gia bang
cach so sanh truc quan vién gach thi nghiém véi mau gach sur dung frit tai nha may
va rat ra nhan xét. Hé s din nd nhiét cia men duoc xac dinh trén may
Dilatometer L75/N1 (hang LINSEIS, Drrc).

Khi san xuét frit, nguyén li¢u cat, da voi, dolomit, trang thach, cao lanh
dugc gia cong bang may nghién bi gian doan sao cho dat thanh phan ¢& hat cho
trong bang 2.1.

Bdng 2.1. Thanh phan c& hat ciia nguyén liéu

Nguyén liéu Luong nguyén li¢u trén sang, %
63 um 200 um
Cat <40 <27
Po61omit <45 <10
Trang thach <50 <5

Frit dugc ndu & nhiét do 1250+-1400°C trong 10 gas thi nghiém. Thoi gian
nau tir 1,5+3 h. Sau khi frit d4 nong chay hoan toan thi mé 10, dung kep gip cdc ra
va db frit vao chau nuéc lanh. Do chat long néng chay dugc lam lanh dot ngot nén
frit v& thanh hat, grip cho qua trinh nghién men sau nay de dang hon.

Men frit dugc cap ph01 tir frit va cao lanh. Bai cdp phdi men cho xuong
tdm 6p hay moc tim lat, d6i v6i timg loai men trong, men duc, men mo sé khac
nhau. Men sau d6 s& dugc nghién trong may nghién bi gian doan sao cho dat céc
yéu cau vé do nhét, khdi lugng thé tich, lugng sot sang.

Pit khuon kéo 1én xwong dp, moc 1at. D6 men da nghién vao hai ngin cia
thiét bi kéo rdi kéo déu tay dé trang déu 16p men 1én vién gach da trang engobe,
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xong ghi ki hiéu & hai bén. Ban thanh phim di trang men sau khi siy dugc cho

vao 10 nung. ’ ’ 7
Cac thong so khi san xuat va nung men frit dugc tong hop lai trong bang
2.2.
Bang 2.2. Cac thong s6 khi san xudt va nung menfrlt
Thong s6 Tam op Tam lat
% fri 0 % tra

Men trong, 949% frit + 6% cao lanh 83% frit+12% cao lanh+5% trang
men duc thach
Men matt 50+8§%.A frit ’ + 50+17% 50+65%Afrla+ 50+’35%

) nguyén liéu khac nguyén liéu khac
Chat dién giai 1% STPP ; 0,6% CMC 1% STPP ; 2% CMC
D) am 32% 32%
DO nhot 357+45” 40745"
Khéi lugng _ .
thé tich 183+188g/100ml 181+184g/100ml
Sot sang o
63um 3+5% 4+6%

nr 2A 1068 +1090°C ) 0
Nhiét d§ nung 1125 +1138°C 1150 +1167°C

. 35+42 phut ) .

Chu ky nung 3240 phit 40 + 43 phut

3. Két qua va thao luin

Pi nghién ctru dugc 23 loai frit gdm 7 loai frit trong (ky hiéu tir T1 dén
T7), 7 loai frit duc (ky hiéu tir D1 dén D7) va 9 loai frit matt (ky hiéu tir M1 dén
MO9). Thanh phan hoa ciia cac loai frit trong, duc va matt cho trong bang 3.1.

Tu 7 loai frit trong da san xuat ra 14 bai men frit trang 1én tAm 6p va lat
theo cong thirc cap phdi ¢ bang 2.2. Tam 1at dugc nung & nhiét d6 1150+1167°C,
riéng tim Op sau khi trang men dugc nung ¢ hai nhiét do: nhiét d6 nung thp
1068+-1090°C va nhiét dd nung cao 1125+1138°C.

Bang 3.1. Thanh

phan hod cua 14 lodi frit trong va duc

I{:?iil Si02|B203|A1203 CaO | BaO [MgO| ZnO |K20Na20Zr02 PbO|Fe203TiO2
T1 [59,08(4,09 | 7,34 |15,11/0,72 (1,46 6,07 [491|1,18| 0 | 0 | 0,03 [0,02
T2 |57,08/6,20 | 5,70 |10,00| 1,50 [1,80(12,80[4,00/0,90| 0 | 0 | 0,02 |0,01
T3 [58,35| 7,33 | 8,04 |11,12/0,96(0,10| 9,08 [3,85/1,15| 0 | 0 | 0,02 [0,01
T4 [55,23[4,00 | 8,50 |11,50| 1,40 (1,60(12,00[4,75/1,00] 0 | 0 | 0,02 [0,01
T5 [56,07| 4,00 | 8,51 |12,01]1,00(1,60(11,01[4,76/1,00] 0 | 0 | 0,02 [0,01
T6 (64,65 0 | 4,63 [1549] 0 (0,91]9,82(4,01/0,47| 0 | 0 | 0,02 [0,01
T7 166,05] 0 | 5,62 [14,17| 0 |1,60|8,18(3,74/0,63| 0 | 0 | 0,02 [0,01
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b1 [57,58]/ 4,00 | 7,04 |14,20/0,74]11,40| 4,00 |4,29|1,03 |5,67| 0 | 0,03 |0,02
b2 51,04/ 7,68 | 7,11 |8,00|0,88|2,75|9,29 |5,45/0,92|6,83] 0 | 0,03 |0,01
b3 [55,94/ 3,99 4,24 18,97 /0,69|2,39]10,97/3,99/0,80(7,98| 0 | 0,02 |0,01
b4 |55,86[3,99 | 4,74 |948| 0 |3,39/9,28|3,99/0,80(8,48| 0 0 0
b5 [55,44/4,75| 3,88 [8,32| 0 |1,83|12,55|4,40/0,57|8,23] 0 | 0,02 |0,01
b6 54,25/ 5,19 | 4,40 18,09/0,49]1,97|12,35/4,14/0,69 |8,38| 0 | 0,02 |0,01
b7 58,52/ 2,36 | 4,74 |8,26| 0 |1,87|11,62/4,00{0,54(8,06/0,02| 0,01 | O
M1 |50,13/4,05| 4,63 |13,62] 0 [4,20]11,49/3,05/2,25|6,54| 0 | 0,03 |0,01
M2 56,50 0 | 8,50 |7,00(8,00/0,5015,00{3,50{0,50(0,50| O 0 0
M31(51,98 0 | 7,92 |792|7,92]1,49|14.85/3,96/0,99(2,97| O 0 0
M4 |54,00( 2,00 | 8,30 |15,00{1,804,30|7,60|4,00{1,00{2,00] O 0 0
M5 52,00 0 |15,28|4,64(16,000,68| 0 |4,00{1,00(6,40] O 0 0
M6 [45,39| 3,83 10,00/10,00f 0 |1,28|25,00{3,50{1,00] 0 | O 0 0
M7 (51,000 0 |17,00(25,00f O |2,00f O |4,00{100]{ O | O 0 0
M8 [45,50/10,00/10,00/21,00f 0 |2,00f O |3,50/1,00{7,00] O 0 0
M9 59,09/ 4,08 | 7,34 |16,36/0,71/2,32|13,9814,90{1,17] 0 | O | 0,03 |0,02

Bai T1-O1 men c6 d6 bong khong tét 1am khi nhiét d6 nung thap. Nguyén
nhan c6 thé do frit T1 ¢6 ham luong SiO cao (59,08%), ham luong ZnO thap
(6,07%) nén chua chay hoan toan. Vi vay khi nang nhi¢t d0 nung 1én cao thi men
T1-OC chay hoan toan va c6 do bong tdt, tuy nhién lai bi ntt, co thé do ham luong
Na,O + K;0 hoi cao (6,09%), xem bang 3.2.

T2-OT c6 d6 bong khong tot 1am do frit T2 ¢6 ham lwong SiO; cao (57%).
Khi nung ¢ nhiét do cao hon (T2-OC) men c6 d bong tt tuy nhién lai ¢ khuyét
tat 15 kim c6 thé do qué nhiét.

Tuong tu, T3-OT ciing c6 do bong khong tét do frit T3 ¢6 ham luong SiO;
cao (58%). Khi nang nhiét do nung cao hon (T3-OC) men c6 d6 bong, dd trong, dd
phang tot tuy nhién lai bi nit.

Bai T4-OT, T5-OT nung & nhiét d6 thap déu dat do c6 do trong, d6 bong,
d6 phang t6t. Tuy nhién khong thé dung cho tdm p ¢ nhiét do nung cao (T4-OC,
T5-OC) vi men déu bi nit.

Hai loai frit T6 va T7 déu khéng dung dugc cho tim &p, du & nhiét d6 nung
thdp hay cao (cac bai T6- OT, T7-OT, T6-OC, T7-OC déu khong dat), nhung lai
dung dugc khi trang Ién tam lat (cac bai T6-L, T7-L tuy c6 khuyét tat 16 kim
nhung & muc do chap nhan duoc).

Nhu vay c6 4 loai frit trong dat yéu cau 1a cac loai T4, TS, T6, T7. Frit T4,
T5 dung dé san xuit men T4-OT, T5-OT trang Ién tim &p c6 nhiét do nung thap;
frit T6, T7 dung dé san xuét men T6-L, T7-L trang lén tAm lat.
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Badng 3.2. Két qua danh gid cdc bai men frit trong

Ky hiu men frit tring [én tim 0p| 1y 7 | 75.01 | 73-01 | T4-01 | T5-01 | T6-01 | T7-01
& nhi¢t d6 nung thap
Nhiét d6 nung (°C) 1090 | 1072 [ 1080 | 1067 | 1069 | 1072 | 1080
<o |Chu ky nung (min) 37 35 35 40 42 35 35
en (DG trong Tot Tot Tot Tot Tot Kém | Kém
S [P bong Kém | Kém | Kém Tot Tot Kém | Kém
& |Do phing Kém | Tot Tot Tot Tot | Kém | Kém
Khuyét tat (16 kim) Nut | Khong it | Khéng | Khong | Khong | Khong
DANH GIA CHUNG KDAT | KDAT | KPAT | PAT | PAT |KDAT | KDAT
Ky hicu men frit trang Ién tim 0p] +1_6¢ | 12.0c | T3-0C | T4-0C | T5-0C | T6-OC | T7-0C
& nhiét d6 nung cao
Nhiét d6 nung (°C) 1132 | 1133 | 1138 | 1130 | 1126 | 1133 | 1138
«o |Chuky nung (min) 32 34 35 43 32 34 35
én D§ trong Tt Tt T6t | Toét | Tét | Kém | Kém
<€ Do bong T6t | Té&t | Tét | Tét | Toét | Kém | Kém
&= |Po phing Tt Tt T6t | Tét | Tét | Kém | Kém
Khuyét tat (16 kim) Nt it Nat | Nat | Nat | Khong | |t
DANH GIA CHUNG KDAT | KPAT | KDAT | KPAT | KPAT | KDAT | KDAT
Ky hiéu men frit trang 1én tm 1at| T1-L | T2-L | T3-L | T4-L | T5-L | T6-L | T7-L
Nhiét d6 nung (°C) 1158 | 1149 | 1155 | 1162 | 1153 | 1149 | 1155
“o Chu ky nung (min) 40 40 42 42 42 40 42
& b trong Tot Tot
E gg ﬁﬁgfg Bi s6i men do nhiét d6 nung cao ;g: ?g:
Khuyét tat (16 kim) it it
DANH GIA CHUNG KDAT PAT | PAT

Vé frit duc, két qua c6 5 loai dat yéu cau 1a B3, B4, D5, D6, P7. Frit B3,
D6 ding dugc cho ca ba loai gach, frit D4 ding cho gach dp nung nhiét do thip va
cao, frit D7 dung cho gach dp nhiét do cao va lat, frit B3 chi dung duoc cho gach
6p c6 nhiét d6 nung thap, xem bang 3.3.

V& frit matt, cac loai men matt déu dat yéu cau phu thudc vao su lya chon
cap phdi frit + cao lanh va nhiét d6 nung thich hop.

Nhén xét vé ham lugng cac oxyt trong thanh phan hoa cua cac loai frit da
thyc hién dugc (bang 3.1), thdy rang men sé& rat dep, chay t6t khi ham luong cac
Oxyt cua frit nam trong giéi han duoc cho theo bang 3.4. Anh hudng cua ting oxyt
dén tinh chét ctia men dugc no6i 1 trong phan ghi cha.

Bdng 3.3. Két qua danh gid cdc bai men frit duc

Men frit cho tam op 6 nhi¢t do | o 1 | pr_01 | P3-01 | P4-01 | P5-01 | P6-O1 | B7-01
nung thap

Nhiét d nung (°C) 1090 | 1080 | 1067 | 1085 | 1072 | 1080 | 1067
o [Chuky nung (min) 37 35 40 42 35 35 40
S __ [Pg trong Kém | T&t | Tét | Tét | Toét | Tét | Tot
2 [pg bong To6t | Kém | Tét | Kém | Kém | Tét | Kém
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Do phang Kém Kém Tot Tot Tot Tot Kém
Khuyét tat (16 kim) Khéng it | Khong | Khong it it It
DANH GIA CHUNG KDAT | KDAT | PAT | PAT | PAT | PAT | KDAT
g frit chotam 0p nhictd0 | p).0C | P2-0C | B3-OC | P4-OC | BS-OC | P6-OC | BT-OC
Nhiét d6 nung (°C) 1132 | 1138 | 1138 | 1138 | 1133 | 1138 | 1138
Chu ky nung (min) 32 35 43 42 34 35 43
« [P0 trong Kém Tot Tot Tot Tot Tot Tot
2{) D¢ béng Kém | Tét | Tét | Tét | Tét | Tt | Tét
€ |P¢ phang Tot Kém Tot Tot Tot Tot Tot
&= |Khuyét tat (15 kim) Nuat | Nuat Nat | Khong | It it it
DANH GIA CHUNG KDAT | KDAT | KDAT | PAT | PAT | PAT | PAT
Men frit cho tim l4t Pl-L | P2-L | P3-L | P4-L | B5-L | P6-L | B7-L
Nhiét do nung (°C) 1158 | 1155 | 1162 | 1160 | 1149 | 1155 | 1162
Chu ky nung (min) 40 42 42 42 40 42 42
«o  |D9 trong T(“:)t Tf:)t T(f)t
%D gg Eﬁgrglg Bi s6i men do nhiét d6 nung cao ig: ;g: ;g:
= [Khuyét tat (15 kim) it it it
DANH GIA CHUNG KDAT PAT | PAT

Bang 3.4. Gioi han ham luong cdc oxyt cua frit

Thanh | Frit trong cho | Frit duc cho | Frit matt cho Ghi chi
phan hod | gach op lat | gach oOp lat gach Op lat

Ham luong cang cao thi nhiét do

SiO; 55,2-66 51-59 45-59 . ;

chdy clia men cang cao

Ham lugng cang cao thi bé mat men
B,03 0-4 4-5 0-4 bi mo, ham lugng cang thap thi men

kho chay

i ) Ham luong cang cao thi nhiét do

Al05 4,6-85 3,9-7.1 517 chay clia men cang cao

Ham luong cang cao thi ting do
CaOo 11,5-14,2 8-14,2 4-25 trong va dg bong trong gidi han cho

phép
MgO 0,9-16 14-34 0,5-4 gi? lwong cang cao thi d6 duc cang

Ham luong cang cao t}li nhiét do
Zn0 8-12 4123 0-25 chay ctia men cang thap, va cang

tang d6 bong. Tuy nhién khi
Zn0>15% thi sé lam men mo

Ham luong cang cao thi nhiét d6
K,O 3,7-4,8 4-55 3-4,9 nong chay cang thap, tang do bong
va dé gay nirt men

Ham lugng cang cao thi nhiét do
Na,O 0,5-1 0,5-1 0,5-2,25 nong chay cang thap, tang do bong
va dé gay nirt men

Ham lugng cang cao thi dg duc cang

Zr0, 0 5,6-8,5 0-7
cao
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4. Két luan
Sau mot thoi gian nghién ctru da c6 nhitng két qua sau:

- Bi nghién ctru thanh cong 18 bai frit (trong 23 bai nghién ctru) dat yéu cau
su dung cho céac loai men trong, duc va matt.

- Da nghién ctru dugc cac bai men tuong ung cua cac loai frit trén.

- ba tham do khoang gidi han cia ham luong mot s6 loai oxyt dé c6 duoc
frit tinh chat t6t. Khoang giéi han nay hep hon rat nhiéu so véi céc tai liéu
tham khao nudc ngoai dua ra.

Dic biét da nhan thdy dbi véi xwong tAm Sp ctia nha may Cosevco (xuong
duoc st dung dé nghién ctru) thi khi frit c6 hé sé dan né nhiét o > 7,6. 10°K™ thi
men sé bi nut.
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