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Bai béo gidi thiéu ky thudt quan sat va phan tich bién dang miu khi nung. K§ thuat mo6 phong thiét bi kinh
hién vi 6t néng bing cach két hop mot 10 nung 6 didu khién ché d6 nhiét v6i may anh k§ thuat sé va phin
mém phén tich anh ImageJ. Mot s6 két qua nghién citu bién dang miu thuy tinh trong khoang bién mém thé
hién tinh hiéu qua cta ky thuat nay. Dy 12 phwong phap quan sit va phan tich miu nung twong déi don

gian c6 thé ng dung trong thire té san xut va nghién cttu khoa hoc.

ABSTRACT

Hot stage microscopy

Analysis of deformation during firing
Softening range

Characteristic temperature

Optimization of the firing process

The technique for observing and analyzing glass sample deformation during heating is introduced in this
article. This technique simulates a Heating Microscope device by combining a temperature-controlled furnace
with a digital camera and ImageJ image analysis software. Some results of studying the deformation of glass
samples in the softening range demonstrated this technique's effectiveness. This is a relatively simple method

of observing and analyzing heated samples that can be applied in practical production and scientific research.

Optimal firing temperature

1. Gi6i thiéu v& Kinh hién vi dét néng (KHVDN)

Kinh hién vi dét néng (KHVDN), dich tit tiéng Anh Heating
Microscopy, 14 k§ thuat phan tich hinh anh mé ta qua trinh bién dang
ctia miu thit dudi tic dung ctia nhiét d6 cao. Ché d6 nhiét tic dung
thuwong mé phong diéu kién nung trong thuc té c6ng nghiép hoic theo
nhiing didu kién chudn qui w&c chung. Sy phan tich ddng thdi cac dic
tinh bién dang trong qué trinh bién ddi nhiét d6 trong thuc té cho phép
tdi wu héa qua trinh nung san phdm. KHVDN dugce Gng dung rong rai
trong k§y thuat vat liéu nhv nung gbm s, két khdi kim loai bot, nhiét
d6 chay ctia men [1], phén tich thudc trong dwgc phim, thye pham [2],
Gng x nhiét cta thay tinh [3, 4], sy chay cuta tro [5], xi than [6], xi
thép [71, ... Trong mot sb bién thé nang cao [8, 9], KHVDN duogc tich
hop cac tinh ndng phén tich nhiét vi sai (DTA), nhiét lugng vi sai (DSC)
va duge cho 12 ¢6 thé phat hién nhitng bién dbi rit nhoé cta vat liéu khi
nung [2].

V& cAu tao, mét KHVPN gdm céc bd phan co ban nhu sau (Hinh
1): Méu thit thuong ¢6 dang hinh try, chidu cao H,, chidu rong D, dugce
dit trén bé d& bing oxit nhom két khéi (sintered a-Al,0,) trong 16 nung.
Lo nung cé thé didu chinh ché d0 nhiét d6 va mot camera quan sét cé
thé ghi hinh mau bién dang trong qué trinh nung. Téc d6 ting nhiét d6
¢6 thé anh hwéng cac dic tring nhiét d6 bién dang miu [10], trén thie
té thudng quy wdc 2 — 10 °C/phit. Camera quan st qua cita s6 nhé
béing thity tinh quartz c6 thé phéng dai hinh anh méu va ¢6 phin mém

chuyén dung x@ 1y céc théng sb bién dang theo nhiét dé nung (chiéu
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cao, chidu réng, géc tiép xic) dé xac dinh cic diém dic trung cta vat
liéu [11-12].

Boéng hd
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Dién tré t Mau
\

Thanh mang mau

Hinh 1. So do ciu tao kinh hién vi dét néng (KHVDN).

Mot tng dung phé bién ctia KHVDN 12 x4c dinh khoang nhiét do
bién mém ctia pha v6 dinh hinh ctia cac vat liéu nhu tro, thiy tinh, va
céc vat liéu ma pha thuy tinh anh huwdng quyét dinh t&i sy chay mém,
két khéi. Trong budng dét nha may nhiét dién, nhiét d6 ctia budng chay
phai didu chinh luén thdp hon nhiét d6 héa mém cua tro nham tranh
tro bi chay, bam vo thanh budng dbt, 1am hong diu dét. V&i san phdm
thity tinh, khoang bién mém quyét dinh k§ thuat nung men gém st, san
xuét frit, két khéi thuay tinh...

Khoang bién mém hay khoang nhiét d6 chuyén ti pha rin sang
pha long ctia pha vo dinh hinh (tro, thay tinh) dugc xéc dinh theo DIN
51730 (1998)/1SO 540 (2008) [11, 13]. Do pha v6 dinh hinh khong c6
nhiét d6 néng chay cb dinh, ma qud trinh chuyén pha xay ra trong
khoang bién mém. Khoang bién mém dugc xic dinh theo bién dang
mau hinh tru ¢6 kich thuée quy wée. Kich thude miu thi phd bién 1a
hinh tru, chiéu cao (H,) bing ban kinh (D,). Kich thw&c phd bién 1a H,
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= D, = 3mm, hodc ciing c6 thé H, = 2,5 mm va D, = 2,5 mm. Theo
ISO 540:2008 (twong dwong TCVN 4917:2011) [14] kich thuée miu c6
thé 2 - 9 mm.

Céc diém dic trizng khoang bién mém dwgc quy wée 1 nhiét d6
két khdi (Typer), nhiét dd chay mém (Ty,q), nhiét dd cAu (Typpere), bén cu
(Themisphere)> Va nhiét d6 chay (Tq,,,). Theo hinh anh thu dugc tit KHVDN,
cac nhiét d6 déc trung dugce xac dinh nhu sau (Hinh 2):

- Tginters Nhiét d6 tai d6 H = 95% H,,

- Tyor: Nhiét d0 tai d6 H = % H,.

- Tphere: Nhiét d0 tai d6 H = D.

- Themisphere : NDiét d6 tai 6 H = 1/2D.

- Tow: Nhiét d0 tai d6 H = 1/3H,,.

Khoang nhiét do bién mém AT cua thuy tinh dugc x4c dinh boi

hiéu 6 AT = Tpoyw — Teo
Sy %I

I - N
L L e

M&u ban ddu Nhiétkétkhéi  Nhigtchdy mém Nhiétdo cdu  Nhiét dd ban cau Nhiét @b chay

Hinh 2. Cich xdc dinh khoang bién mém tit phan tich anh ctia KHVDN.

H=D

—

/%’1

H=D

Nhu vy, ky thuat phan tich hinh anh bing KHVDN vé thuc chit
12 ghi nhéan bién dang theo nhiét d6 nung (do camera thiuc hién) va
phan tich bién dang theo céc qui tic ddng dang hinh hoc bing phin
mém chuyén dung trang bi theo may.

Bai bao nay gidi thiéu mot ky thuat phan tich bién dang vat liéu
khi nung mé phong nguyén ly cuia mét KHVDN. Theo d6, camera
chuyén dung dugc thay bing mot may anh ky thuat sé va hinh anh ghi
nhan duge phén tich bing phan mém may tinh c4 nhén. Trong thutc té
[15], k§ thudt nay c6 thé thay thé mot KHVDN.

2. Phuong phap thuc hién

B6 tri thi nghiém mo phong KHVDN duge mo ta trong Hinh 3.
MAu phéan tich hinh tru dugce dit trong 16 nung véi tbe do gia nhiét
10°C/phiit. Toan bd qua trinh bién dang miu dugc theo déi bing may
anh ky thuat sé Canon 700D v&i 6ng kinh Canon 50mm f/1.8 STM.
Phan tich bién dang mau trong qua trinh gia nhiét duoc tién hanh bing
phin mém ImageJ. ImageJ 14 phan mém phén tich hinh anh mién phi

6 thé tai vé sit dung trong may tinh c4 nhén.

3. Mot s6 két qua
3.1. Xdc dinh khodng bién mém va nhiét d6 chdy ctia thily tinh

Hinh 4 12 két qua phan tich anh chup tit may anh két hgp phin
mém Image J mé phéng mot KHVDN cac nhiét do dic trung khoang
bién mém cta thuy tinh kinh tdm. Trong trwdng hop niy, khoang bién
mém ctia thiy tinh sé 1a:

AT = Tpoy — Tyorr = 1055°C - 865°C = 190 °C
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thi nghiém mo phong KHVDN va hinh anh thu nhin
duwgc tit phan mém Image J.
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Hinh 4. Xac dinh céc nhiét d¢ dic tring khoang bién mém thiy tinh
mo6 phong KHVDN.

3.2. Phdt hién bién dang né phong khi nung:
Hinh 5 1a hinh anh bién dang ctia miu bot thuy tinh ding chat

lién két 1a thuy tinh 16ng (Na,0.nSiO,.xH,0) va két qua phan tich bién
dang bing ImageJ. Trong trdng hop nay, miu bi nd phdng do thiy

tinh 10ng tao mang lién két, ddng thoi nuwée bi phan hiy 1am kich thuée

o |

mau ting trong khoang 700 t&i 1000 °C.
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Hinh 5. Hinh anh sy n& phdng ctia mau bot thiy tinh khi nung diing

chét lién két thiy tinh 1ong va két qua phén tich bién dang bing

ImagelJ.

4, Két luan

Két hop may anh ky thuat s6 va phin mém ImageJ trong nghién

cttu phan tich bién dang miu khi nung 14 k§ thuat don gian ma hiéu

qua trong truedng hop chwa trang bi KHVDN.

C6 thé mé rong phirong phap moé phong KHVDN nay dé xéc dinh

céc dic trung nhiét d6 trong khoang bién mém thiy tinh, theo ddi cic

dic tring bién dang khac nhw né phdng, thoét khi, men chay...clia cic

vat liéu gbm sit khéc.
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