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Nghién cttu tai sit dung oxit zircon tir phé thai ctia nganh nha khoa

tham my dé cai thién kha ndng phan xa hong ngoai cua men ngéi

Ngbé Huong Tra', Pinh Thi Thu Uyén', Nguyén Vin Trung?, Nguyén Nhan Hoa*

! Nganh Cong nghé ky thuat Vit liéu xay dung, Trudng Pai hoc Xay dwng Ha Noi

2 Trung tAm G6m st va Thuy tinh, Vién vt liéu xiy ding
3 Khoa Vit liéu x4y ding, Tritdng Dai hoc Xay dung Ha Noi

T KHOA TOM TAT
Ngéi lop Viét Nam 1a nudc ¢6 biic xa ning lvgng mit trdi 16n, dic biét vao nhitng ngay mila hé & cac tinh mién
Men ngéi Trung. Ngéi 1a vat liéu lop phd bién & nuéc ta, ching c6 tinh thim m§, c6 d6 bén 14u, va tao nét vin héa

Biéc xa mit troi
D6 phan xa hdng ngoai
Tao hinh ép ban kho

KEYWORDS

riéng. Trong khi, hAu hét ngéi 1gp hién nay khong dugc trang men, nén ngéi hap thu nhiét nhidu 1am ting
nhiét d6 khong khi trong nha. Men ngéi 1a mét 16p thity tinh méng phti trén bé mit, 1&p men nay khéng chi
gitip ng6i bén v&i moi tredng con cb thé gitp giam hip thu nhiét bic xa mit trdi. Viée nghién citu vé ché
tao vét liéu men cho ngéi gitip ting kha ning phan xa nhiét hdng ngoai con rit han ché. Trong khi, phé thai
nha khoa chita ZrO, chia duge quan tAm xi Iy mot cach hiéu qua. Trong nghién citu nay, phé thai nha khoa
chita ZrO, duge st dung 1am phu gia (tit 2 dén 10% khéi lvong phéi liéu) dé ché tao 16p men ngéi c6 kha

ning phan xa tia hdng ngoai t&i hon 3 1n.

ABSTRACT

Roofing tiles

Tile glaze

Solar radiation
Infrared reflectance

Semi-dry forming

Vietnam is a country with a large amount of solar radiation, especially on summer days in the Central
provinces. Tiles are a popular roofing material in our country, they are aesthetic, durable, and a unique
cultural feature. Meanwhile, most of the roofing tiles are not glazed, so the tiles absorb a lot of heat,
increasing the ambient temperature in the house. Tile glaze is a thin layer of glass covering the surface, this
glaze not only helps the tiles to be durable in the environment but can also help reduce the absorption of
solar radiation heat. Research on manufacturing glaze materials for tiles to help increase the ability to reflect
infrared heat is still very limited. Meanwhile, dental waste containing ZrO, has not been treated effectively.
In this study, dental waste containing ZrO, was used as an additive (from 2 to 10% of the mass of the

ingredients) to manufacture a tile glaze layer that can reflect infrared rays more than 3 times.

1. Gi6i thiéu

bui min tit qua trinh mai, tién c4c phuc hinh ring st bing cong nghé
CAD/CAM. [4] Cac ting dung chinh ctia ZrO, bao gdm san xuét ring st,

Men ngéi déng vai trd thiét yéu trong viéc ning cao ca tinh thAm  cly ghép nha khoa, dao cit gém, va cdc bo phan cong nghiép doi hoi

m§ va chitc ning ctia san phdm. Viéc phtt men dwge thite hién bing cac
phuwong phap nhu nhiing, phun hodc dd, tao ra mot 16p mong, dong
nhét trén bé mit. [1] Lép men nay khéng chi mang lai mau séc va d6
béng hip din, ma quan trong hon, con cai thién céc tinh chét vat Iy cia
ngéi nhu kha ning chéng thAm nuéc, dd bén co hoc, chéng in mon héa
hoc v kha ning chiu thoi tiét khic nghiét. [2]

Biic xa mit tr&i 1 ning lwgng dién tit gdm 4nh sang nhin thiy,
tia hdng ngoai va tia tif ngoai, déng vai trd quan trong trong viéc duy
tri khi hau va s séng trén Trai DAt. Bitc xa mit troi mang lai nhiéu 1gi
ich vé sttc khoe nhung ciing ¢6 thé gay hai néu tiép xiic qua mirc, dic
biét 12 tia UV c6 thé gay chay ning, chay da va ting nguy co ung thw
da. Lwgng bitc xa nhan dwgc thay ddi theo vi trf dia 1y, thoi gian trong
ngay, mia trong nim va diéu kién khi quyén. [3]

ZrO, ngudn thai chi yéu tit nganh nha khoa, dic biét 13 phé thai
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d6 bén cao. Han ché 1¢n nhét ctia vét liéu nay 12 chi phi san xuét cao
va quy trinh tai ché phitc tap do diic thit dang b6t min va yéu ciu do
tinh khiét cao. [5]

Mic dit ¢6 tinh chit 1y héa viot trdi, viée ng dung ZrO, tinh
khiét vao men ngéi chuwra phd bién trén thi trwdng do chi phi cao khién
san pham cudi ciing tr& nén kém canh tranh. [6] Tuy nhién, viéc st
dung phé thai ZrO, di qua x 1y 14 mét co hoi dy tiém ning. Thay vi
viit bo, loai phé thai nay c6 thé dugc nghién citu dé sit dung nhw phu
gia, gitip cai thién d6 tring, d6 cting va kha ning chiu nhiét ctia men
ngd6i. Hudng di nay khong chi giai quyét vAn d& méi trudng ma con m&
ra mot 1§ trinh kinh té tuin hoan, bién chét thai thanh m6t ngudn

nguyén liéu m&i c6 gia tri cho nganh vat liéu xay dung. [7]
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2. Vit liéu va phuong phap nghién citu Thanh phin héa cua frit dugce xac dinh cho két qua & Bang 1. Két
2.1. Nguyén liéu st dung qua phén tich cho thdy, frit stt dung trong nghién cttu dam bao céc yéu
a) Xuong mic ciu thanh phén héa dé san xuét men ngéi theo TCVN 9133:2011.

Xuwong moc 13 xwong ngdi dé san xuit ngéi trang men, iy tit nha ¢) Nguyén liéu cao lanh
mdy Viglacera Thing Long, nhiét d6 nung ctia xtong ndm trong khoang
1110 - 1130 °C. Quy trinh ché tao mau xuong mdc: Sau khi 1dy xwong Cao lanh st dung cho nghién cttu 1a cao lanh Pht Tho duge cung
ng6i tif nha méy vé, xwong ngéi dugc giao cong cit got, mai nhdn & c4p béi cong ty Vinaglaze mau vang nau, dang cuc.
duoc kich thiude miu xwwong moc thi nghiém 50x50 mm. Sau d6, cic
mAu xiong moc duge tién hanh sy & 100-105 °C dén khéi lvgng khong
d6i, tri6e khi trdng men.

Hinh 3. Nguyén liéu cao lanh Phd Tho.

Thanh phén héa ctia cao lanh duge xac dinh cho két qua & Bang
2. Két qua phéan tich cho thiy, cao lanh ¢6 ham lugng oxit Si0,, Al,O,

cao, Fe,0, rét it, phit hgp 1am nguyén liéu san xuit men.

d) Nguyén liéu phé thdi chita oxit zircon

. .4",
b) Xwong mdc sau ché tao

Hinh 1. Xuong mdc trong nghién cifu.

b) Nguyén liéu frit

Hinh 2. Nguyén liéu Frit ngéi.

b) ZfOZ sau khi gia céng ché téo
Frit 14 thanh phan chinh ché tao men ngéi. Trong nghién cifu nay, Hinh 4. Nguyén liéu phé thai chita ZrO,.
Frit dwgc cung cAp boi cong ty Vinaglaze, dang déng bao 50 kg.
Trong nghién ctu nay, nhém ldy phé thai nha khoa tif phong
Detec Dental LAB clia céng ty Cong ty cb phin nha khoa DETEC-Ha Noi-
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Hinh 4.a. Phé thai nha khoa chita cha yéu 1 oxit zircon. Phé thai chiia
ZrO, sau khi mang v& s& duwgc 1am sach loai bo céc tap chit, sau d6 dap
nhé, sau d6 nghién bi wét trong vong 30 phit dén khi thu dugc dang
hd 16ng. P& Zr0, 1ing xubng d4y thi d4 bét phin nueée bén trén rdi dem
di siy kho. Sau d6, nguyén liéu phé thai nay dugc sing qua sang 0,045
mm (45um)-Hinh 4.b.

2.2. Phuwong phdp nghién cttu

- Phan tich thanh phin héa theo TCVN 7131 : 2002 DAt sét —
Phuong phap phan tich héa hoc.

- Phan tich thanh phin héa XRF.

- Xac dinh d6 min hd men TCVN 6598:2000 Nguyén liéu san xudt
gbm xay dung.

- Xac dinh d6 &m, ty trong, &6 nhét hd men TCVN 6355:2009
Nguyén liéu dé san xudt gbm.

- X4c dinh hé sb phan xa btic xa mit tr&i theo TCVN 7737:2007
(ISO 9050:2003) Kinh xay dung — Phuong phdp xac dinh d§ xuyén
quang, d6 phan quang, téng ning lvong bitc xa mit troi truyén qua va

d6 xuyén bic xa ti ngoai.
2.3. Dung cu, thiét bi stt dung cho nghién citu

- M4y nghién bi model HKSM - 90, téc d6 300 vong/phiit.
- Dung cu do ty trong, d6 nhét hd men.

Bang 1. Thanh phin héa ctia Frit ngéi.

-Ta sﬁy dién hang King (Trung Quéc), ¢6 nhiét d6 1am viée tbi
da 300 °C.

- Lo nung Carbolite Gero HTF, nhiét do tdi da 1700°C.

- M4y quang phb UV - Vis/NIR Jasco V-770

2.4. Qud trinh thu'c hién

a) Chudn bi men, trdng men, nung mdu

Bai men g6c st dung cho nghién citu st dung frit va cao lanh véi
ty 1€ 90 : 10. Bai men nay duoc thém phé thai ZrO, theo céc ty 1é trong
Bang 3. Cac bai men dugc nghién véi may nghién bi véi téc d6 300
vong/phit trong 120 phdt. Ty 1€ bi : nguyén liéu : nwéc = 1,3:1: 0,57
va phu gia nghién. Men dugc kiém tra qua sang 0,045 mm. Sau d6 khao
sat cdc tinh chit ctia hd men nhu ty trong d6 nhét va diéu chinh ty
trong ciing nhw d nhét hé men sao cho ty trong khoang 1,55 g/cm?,
d6 nhét niim trong khoang 15 — 20s.

b) Po hé sb phdn xa bitc xa mdt troi

Céc mAu sau nung dwoc do hé sb phan xa biic xa mit troi. Trong
nghién cttu nay, nhém st dung thiét bi may quang phé Jasco V770UV
Vis theo tiéu chudn ISO 9050:2003 [9], thiét bi nay do dwgc hé sé phan
xa v&i dai bude séng A tit 300 nm dén 2500 nm.

Chu ti Sio, ALO, ZnO CaO BaO MgO K,O Na,O MKN Téng
Ham lugng (%) 65 6,5 6,0 15,5 0,5 2,5 1,5 2,0 0,5 100
B6 MKN, quy v& 100% 65,3 6,5 6,1 15,6 0,5 2,5 1,5 2,0 - 100
Bang 2. Thanh phin héa ctia cao lanh Pht Tho.
Chu ti Sio, ALO, Fe,0, CaO TiO, MgO K,O MKN Téng
Ham luong (%) 46,92 35,84 0,43 0,70 0,20 0,38 1,12 13,60 100
B6 MKN, quy vé& 100% 54,82 41,87 0,51 0,82 0,23 0,44 1,31 - 100
Bang 3. Ty 1& Oxit Zircon thém vao men gdc.
Ky hiéu Ty 18 phéi liéu men gbc (%) Ty 1& ZrO, (%)
M, 100 0
M, 98 2
Giai doan M, % 4
M 94 6
M 92 8
My, 90 10
M; 95 5
Giai doan II Mos 93,5 6.3
M, 93 7
M, 5 92,5 7,5
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Cao la Frit

ZrO,
Buéc 1: Gia cong va chudn bi nguyén vat lieu ~ BuwGc 2: Can dinh lwgng cdc loai nguyén
vt liéu theo ty 1é

Butdc 6: Tao hinh xitong méc va dem sdy
dén khéi wong khong dbi

=

Buéc 4: Sau 2h nghién, men duoc 1dy ra va
sang qua sang 0,045um

CARBOLITE
IGEROL:

Buéc 7: Trdng men Buéc 8: Sdy mdu Buéc 9: Nung miu
Hinh 5. Cac bugc thyc hién thi nghiém.

Hinh 6. Kiém tra tinh chAt mau (d6 phan xa SRI).
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3. Két qua nghién citu va ban luan
3.1. Anh hiténg cia ham lwgng phé thdi chita ZrO, dén tinh chdt hd men

Bai men gbc st dung cho nghién citu st dung frit va cao lanh véi
ty 1 90 : 10. Bai men nay duoc thém phé thai ZrO, theo céc ty 1é trong
Bang 3. Céc bai men dugc nghién véi may nghién bi v&i tée do 300
vong/phit trong 120 phit. Ty 1€ bi : nguyén liéu : nwéc = 1,3:1: 0,57
va phu gia nghién. H5 men duwgc nghién min, dam bao lot sang 0,045
mm. Sau d6, khao sat cac tinh chét cia hd men nhu ty trong d6 nhét va
didu chinh dung trong ciing nht d6 nhét hd men sao cho dung trong hd
men khoang 1,55 g/cm?, d6 nhét ndm trong khoang 15 — 20s, Bang 4.

Bang 4. Ty trong va do nhét ctia cac cAp phdi.

Ky hiéu Dung trong p (g/ml) Do nhét n (s)
M, 1,550 14
M, 1,553 15
M, 1,560 15
Mg 1,569 16
Mg 1,572 20
Mo 1,575 22

Két qua thue nghiém cho thiy: Khi ham lwong phé thai dua vao
men tit 0 dén 10 % thi dung trong ctia men thay déi trong khoang: 1,550
+ 1,575 g/ml tuong ting tang 1,61 %, do nhét tang tit 14s lén 22s
twong Gng ting 57,1 %. Nhu vy, ham lugng phé thai ZrO, dwa vao
anh huéng khong déng ké dén tinh chét ty trong hd men, nhing anh
hudng rit manh dén d6 nhét ctia men. Nguyén nhan ctia hién twgng vi
khi dita phé thai ZrO, c6 ham Iigng nho, nén it anh hwdong dén ty trong
ctia hd, nhung do phé thai nay dwoc nghién min 1am ty dién tich bé miit
ctia n6 16n, do d6 cin lugng chét 1ong bao boc ting hat, tit d6 1am giam

tinh linh déng cta hd.
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Hinh 7. Anh hudng cta ham lugng phé thai
chtta ZrO, dén ty trong, d6 nhét ctia hd men.

3.2. Anh huéng ciia ham lwong phé thdi chita ZrO, dén tinh chdt
ngoai quan
3.21.  Anhhwéng ctia ham litong phé thdi chita ZrO, dén tinh chdt

ngoai quan mdu sau khi trdng men

Trude khi trang men, cidc miu xwong moc duge siy khé & 100-
100 °C, dén khéi lwgng khong dbi. Trong nghién cttu ndy, nhém hya
chon trang men bing phwong phap nhiing, & hai giai doan thic nghiém
mbi 14n nhiing 3s; va thuc hién trang men 1 1an hoic 2 14n - Hinh 8,
hinh 9, hinh 10, hinh 11.

a) Trdng men 1 lan

Quan sat hinh 8 ta thiy: Cic miu xwong moc sau trang men déu
c6 mau tring ddng déu, men sau khi trang bAm déu, mong trén bé mit
xuong, khong thiy cac khuyét tat men.

Quan sét hinh 9 ta thdy cic miu nay déu cé mau tring ddng déu,
men sau khi trang bAm déu, méng trén bé mit xwong méoc, khéng thiy

cac khuyét tat men.
b) Mdu trdng men 2 ldn

Céc xwong moc sau khi trang bam déu 1 16p rit mong trén bé
miit xwong, sau d6 duge nhiing trdng men 14n 2 dé ting chidu day 16p
men. Cic mAu trong hinh 10 déu c6 mau tring ddng déu, men, khong
thiy cac khuyét tat men.

Quan sat hinh 11 thiy: B& mit men c6 mau tring dong déu, bAm
t6t trén bé mit miu, khong xuét hién cac khuyét tit quan trong nhu cic
bot khi, rd hay thiéu men.

3.2.2. Anh hwéng clia ham lwong phé thdi chita ZrO, dén tinh chdt

ngoai quan mdu sau khi nung

Céc mAu xuong moc sau khi trang men, lai dugc siy kho & 100-
105 °C dén khéi lwong khong dbi. Sau d6 cic mau duge xép vao 1o
nung: Viéc xép mau dam bao mau théng thoang, tach roi trén cac gia
xép. Céc miu déu duge nung trong 10 dién Carbolite Gero HTF, véi toc
d% nang nhiét 200 d6 C/gi®y, nhiét d6 nung 16n nhét 14 1110 °C, thai
gian héng nhiét 15 phit, sau dé tit 1o dé ngudi ty nhién vé nhiét do

moi truong.
a) Mdu trdng 1 16p sau nung

Quan sét hinh 12 thy: C4c mau sau khi nung du c6 bé mit tron
nhén béng, ty 1& phé thai chita ZrO, thém vio ting thi miu men cing
tring ting (chuyén ti¥ mau tring trong sang tring). Men bam déu bé
mat, khong bi hién tugng niit hay co men, tuy nhién mot s6 mAu sau
khi nung van xuét hién 18 nhé li ti do men khéng 14p diy cac 16 rdng.

Ciing twong ty nhy mAu trang men 1 14n & giai doan 1: Men bam
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d2u bé mit, khong bi hién twong nit hay co men, tuy nhién van con
hién twgng xuét hién 18 nhé li ti trén bé mit. Nguyén nhan 14 do bé mit
xuwong tride khi trang men c6é khuyét tit r6 nhé nén men néng chay

vAn khéng thé 14p diy cac 15 réng, hinh 13.
b) Mdéu trdng 2 ldn sau nung

Quan sét ta thdy: Cic mAu trang men 2 14n sau nung & ca hai giai
doan déu c6 bé& mit tron nhin béng, khi men c6 ty 16 phé thai chia
ZrO, thém vio ting thi mau men cing tring ting. Men bam déu bé miit
khéng bi hién twgng nitt, khéng bi rd men. Tuy nhién, cic miu nay déu
¢6 hién twgng men khong phtt déu ca bé mit miu. Nguyén nhén 13 do
khi trang men 2 14n thi 16p men bi day sau khi nung men b co do sifc
cing b& mit 16n d& gay su co men, hinh 14, hinh 15. Chét ltong men

phti kém hon so v&i viée trang men 1 1an.

3.3, Anhhuwéng ciia men c6 chita phé thdi chita ZrO, dén hé s6 phdn xa
bifc xa mdt tréi ctia mu men

Qua viéc khao sét trén, nhém nhén thiy cic miu trang men 1 14n
cho két qua ngoai quan tét hon. Nhém chon cac miu nay dé do hé sé
phan xa btic xa bing thiét bi My quang phd UV - Vis/NIR Jasco V-770,
do & bude s6ng 300 — 2500 nm, Bang 5.

Khi ham Iwong phé thai trong men ting, thi hé s6 phan xa biic
xa mit trdi Rsol, Rnir déu tang manh, dac biét hai hé sb tée do tang
nhanh & ham lugng phé thai ZrO, trong men 6 % - 8 %. Khi ham lwong
phé thai ZrO, khoang 8 % - 10 % thi hé sé phan xa biic xa mit troji
tang, nhung chdm hon, Hinh 16.

& giai doan 2, nhém lua chon khao sat hé s6 phan xa bic xa nang
lwong mit troi duge khao sat véi ham lugng phé thai chita ZrO, c6
buwée nhay ham lwgng phé thai dwa vao thay dbi 0,5% dwa vao trong
men la 5,0 %; 6,5 %; 7,0 % va 7,5 %, Bang 6.

Két qua thuie nghiém cho thay hé s6 phan xa btic xa miit trdi ting
khi ham Iwgng phé thai ting ham lugng phé thai chita ZrO, tit 5 % 1én
6,5 %, 7,0 %, sau d6 hé sb nay c6 xu huéng giam nhe khi ham Iigng
phé thai ZrO, dwa vao 7,5 %. Hé s phan xa miit trdi Rsol ting t6i 48,7
%, Rnir tang 42,9 %, mifc ting kha manh khi ham lugng phé thai chita
ZrO, trong men tang tt 5,0 % 1én 6,5 %.

3.4.  Anh huéng ctia ham lwong phé thdi chita ZrO, dén mau thé hién
ctia men trdng lén xuong ngoi

Mau clia cic miu men sau nung do dutge theo CIE*a*b duge thé
hién trong Bang 7.

Két qua men sau nung ta do dugc bing may quang phé va phan
tich chi sé theo mé hinh CIE*a*b dwoc xiy dung dua trén kha ning

cam nhén mau sic ctia mit ngudi. Cac gid tri L*a*b mo ta tit ca cic
mau ma mét chia mdt ngwdi binh thudng cé thé nhin thiy duoc. Hé
mau L*a*b 12 mé hinh dang hinh ciu duoce biéu dién bing té hop 3
kénh x@ 1y (3 truc).

Truc L: 13 truc thing dung biéu dién d6 sdng ctia mau. C6 gia tri
ti den (0) dén tréng (100);

Truc a: Cha cédc gia tri mau tit mau xanh 14 cay (am) dén mau
do (duong);

Truc b: Ch¥a cac gia tri mau ti¥ mau xanh duong (am) dén mau
vang (duong).

Két qua thue nghiém cho thiy cidc miu men c6 ham lwgng ZrO,
dué6i 7 % c6 sy bién d6i mau manh, thé hién béng cac toa do mau cach
xa nhau. Ngwgc lai cAc mau men c6 ham lwgng ZrO, tit 7 % tré 1én thi
toa d6 mau & sat nhau. Qua di liéu trén, ta thiy cot L biéu thi d6 sang
clia mau thay dbi chi sb tit Mg 12 0 % ZrO, b6 sung dén M, ting ti¥
50,07 1én 91,20 nghia 13 d6 sang d3 ting gin gip dbi.

= Nhan xét: ZrO, dugc thém vao men ngéi véi ham lugng it
0 % dén 10 % khéi lwong, trang men 1én xwong ngéi dang san xuit tai
céc nha may va nung & 1110 °C. Khao sat hé sb phan xa bifc xa mit troi
(R) ctia cac miu men nay cho thdy khi ham lwong ZrO, trong men tit
6,5 % trd 1én thi men cho hé s6 phan xa bitc xa mit trdi cao va gin nhu
dat mttc 16n nhit & 8 % v&i R dat khoang 78 % va khéng thay déi nhidu
khi ham lwgng ZrO, ting. Mau ctia men clia chuyén dan ti trong subt
dén tring khi ham luong TiO, ting. Vay dé ting hé sé phan xa clia men
ngoi c6 thé dwra oxit ZrO, vao men. Tuy nhién dua vao yéu ciu mau sic
va hé sb phan xa biic xa mit trdi ma c6 thé Iwva chon ham lvong phu
hop. Hé sb phan xa mit tr&i SRI dwoc cai thién ro rét.

=  Két luan:

Qua céc két qua nghién citu stz dung phé thai nha khoa chita ZrO,
lam phu gia cho men ngéi t&i tinh chét phan xa tia héng ngoai mét troi
ctia ng6i lgp riit ra mot sb két luan:

- Ham lvgng ZrO, dwa vao anh huéng khong déng ké dén ty trong
hd men nhung anh huéng rét 16n dén d6 nhét ctia hd men.

- Cac mAu trang men 1 14n sau khi nung & 1110 °C ¢6 tron nhén,
béng, khong xuit hién nit hay co men néu ty trong, dd nhét ho men
dugce diéu chinh hop ly.

- Ham lwgng phé thai chita ZrO, ting gitip cai thién do tring cta
men, chuyén tif tring trong sang tring duc dong thoi ting hé s6 phan
xa btic xa mit troi hon 3 14n, tit 18,34 % dén 78,64 % khi lwgng phé
thai ZrO, diing 8 %; mifc st dung hiéu qua khi ham Iwong phé thai
chita ZrO, st dung khoang 6,5 %.

Nhu vdy, viéc st dung men c6 chita phé thai ZrO, tit nganh nha
khoa, khong chi mang lai hiéu qua ky thuat cho men ngéi ma con cé y

nghia méi tredng va kinh té.
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Giai doan 1- trdng men 1 ldn

Mau M, Mau M, MAau M, Mau Mg, MAu Mg, Mau M,
Hinh 8. MAu xiong moc sau khi trang men 1 16p & giai doan 1.

Giai doan 2- trdng men 1 ldn

MAau Mg, Mau M, ;

Hinh 9. MAu xiong moc sau khi trang men 1 16p & giai doan 2.

Giai dogn 1-trdng men 2 ldn

Mau M, Mau M, Mau M, MAu Mg, Mau Mg, Mau M, g,

Hinh 10. MAu x@ong moc sau khi trdng men 2 16p & giai doan 1.

Giai doan 2 — trdng men 2 ldn

MAu M5, Mau M, ,
Hinh 11. MAu xuong moc sau khi trang men 2 16p & giai doan 2.

=
J
.

MAu M, Mau M, Mau M, Mau Mg, MAu Mg, MAu My,

Hinh 12. M4u trang men 1 13n sau nung & giai doan 1.
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MAiu Ms, MAu Mgs; Mau M, ,

Hinh 13. M4u trang men 1 13n sau nung & giai doan 2.

Hinh 14. MAu tring men 2 14n sau nung & giai doan 1.

MAu M, Mau Mg 5.2 Mau M, ,

Hinh 15. MAu trang men 2 13n sau nung & giai doan 2.

Bang 5. Hé sb phan xa bitc xa miit tr&i cdc miu trdng men 1 14n & giai doan 1.

Mau M, 5,

MAau Mg, MAu M.,

Mau M,

o M e NV Hé s6 phan xa ning lvgng mit troi
o Ty 1é men goc Ty 1é phé thai chita ZrO, Hé s0 phan xa néng lugng . N s
Ky hiéu ‘. ‘. . viing hong ngoai Rnir
(% khoi lugng) (% khoi lugng) mit trdi Rsol (300 — 2500 nm) %
(780 - 2500 nm) %
M, 100 0 18,34 22,43
M, 98 2 18,66 24,39
M, 96 4 33,26 36,11
M, 94 6 45,92 43,87
M, 92 8 67,70 61,08
M, 90 10 78,64 71,40
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%0 ¢
80 £
70 f
= 60 +
. 50

&, 40
S 30
1920

10

714

L

E 45.8243 87 7
33:263:‘1]'1 W %
2243 2439 7 / %
18 34 ., 18.66 /% % %

W HE b phan xa ning lwong mit trol Rsol (300 - 2500nm)%

MI10

% Hé s6 phan xa ning lwong mit troi ving hong ngoai Ruir (780 - 2500nm)%

Hinh 16. Hé s6 phan xa miit trdi ctia cic miu trang men 1 14n & giai doan 1.

Bang 6. Hé sb phan xa bitc xa mit tr&i cic miu trang men 1 14n & giai doan 2.

o L. ok a RV . . Hé s6 phan xa ning lvgng mit tryi
R Ty 1é men ngéi Ty 1€ phé thai chtta ZrO, Hé so phan xa ning lvgng mat . N Lo
Ky hiéu ‘. ‘. . vlung hong ngoai Rnir
(% khoi lugng) (% khoi luong) troi Rsol (300 — 2500 nm) %
(780 - 2500 nm) %
Ms 95 5 45,49 43,52
Mg s 93,5 6,5 67,65 62,18
M, 93 7 75,28 68,41
M; 5 92,5 7,5 70,42 64,53
80
=® 70
@ 60
4
= 50
%. 40
30
. 20
T 10
0
M5 Ms6,5 M7 MT7.5
mHé sb phan xa nang hrong mat trén Rsol (300 - 2500nm)%
#Hé sb phan xa ning hrong mit troi ving héng ngoai Ruir (780 - 2500nm)%
Hinh 17. Hé s6 phan xa miit trdi ctia cAc mAu trang men 1 14n & giai doan 2.
Bang 7. Toa &6 mau clia cAc miu men trang 1 1an.
Ky hiéu L* ax b*
M, 50,07 8,34 5,06
M, 49,72 7,38 4,09
M, 64,35 4,32 -0,41
M, 73,60 1,51 -4,05
M, 86,00 -0,38 -4,60
M, 91,20 -0,62 -4,06
Ms 73,30 1,40 -3,36
M 5 85,96 -0,17 -4,03
M, 89,65 -0,64 -3,82
M, 5 87,32 -0,33 -3,91
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110
=
-
g 100
2
o 90
g
2 80
-
& 70
-
3 60
] 50,07 49,7
50
ol
hd
40 i i i
Mg M2 M4 M5

M6 M6,5

91,2
§9.65 g737 '
M7 M75 MS MI0

Hinh 18. Anh huéng ctia ham lwgng phé thai chia ZrO, trong men dén d6 séang ctia men.
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