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PHAN TiCH VAT LIEU
BANG PHUONG PHAP DSC

Kién thic co ban

* Qua4 trinh thu hay téa nhiét???
Toéa nhiét
Exothermic

Thu nhiét
Endothermic

Heat &= Heat

Heat Heat

DeltaT = Tsau - T dau> 0

Kién thirc co ban

Toa nhiét Thu nhigt
Exothermic Endothermic

T3

DeltaT =Tsau-T ddu>0  DeltaT=Tsan-T ddu <0
AH,; <0 AH,; >0
AHh + th =0
pvifen th

T D o

Cac qua trinh nhiét

Qua trinh néng chay

AH,;>0
AH,; = - mCAT,, '

Endo

AT, . <0

DeltaT = Tsau - T dau <0
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Qua trinh két tinh

Cac qua trinh nhiét

Cac qua trinh nhiét

Qua trinh soi AH,;> 0

Al'lhez_

mCAT aF <0

Cac qua trinh nhiét

Qua trinh ngung tu

AT,_,>0

AH;; < 0: Exo

Céc qué trinh nhiét
Qua trinh (phan ng) chay

AT >0

AH,; < 0: Exo
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Cac qua trinh nhiét Cac qua trinh nhiét

::::::;io" activation Khi nao qllfl trinh Iléllg
?‘ g‘ 5o chay (endo) xay ra?
' e w S Qua trinh n6éng chay
3 I 3
5 /b g L% AH > 0: Endo
3 Bt/ products I energy i
released absorbed A =
» ; AS > 0: Do tw do tang
Reaction Progress Reaction Progress Sl
Exothermic Endothermic N
reaction reaction AG = AH = TAS <4

Xay ra tw nhién khi T > T,= AH/AS: nhiét d¢ cao

KIEN THUC CO BAN

Ky thudt — Tiéng Anh (viét tdt) Théng s6 xdc dinh Thiét bi
heating steam N Phan tich nhiét vi sai AT May DTA
L AR, e vaporizing water ' Differential Thermal Analysis (DTA)
Nhiét lugng ké quét vi sai dH/dt May nhiét luong
® Differential Scanning Calorimetry (DSC) két DSC
Nhiét trong luong Khéi luong Cdn nhiét
E Thermogravimetry (TG) Thermobalance
E Phdn tich co nhiét dL/L Dilatometer
= Thermomechanical Analysis (TMA)
Phéan tich co ly déng G, G"vatgd Mady DMA
0°Ci-- Dynamic Mechanical Thermal Analysis
(DMTA)
heating ice * A Phan tich dién méi
79.7 callgm Heat of Energy added at constant rate —»- Dielectric Analysis (DEA)
334 ki/kg  fusion
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Cic thong s6 xac dinh dwgc tir phwong phap phin
tich nhiét

*Hiéu Gmg nhiét lugng: DSC, DTA

*Thay d6i khéi lwgng: TGA, TG/DTA

*Thay d6i kich thudc: TMA, TMA/SS; SS: Stress-Strain: Ung
suit - Bién dang

«Céc tinh chit dan héi nhét: DM(T)A, DMS: Dynamic
Mechanical Spectrometer

Céc k¥ thuat khéac hodc phdi hop céc k¥ thuat: Phan tich khi
(EGA Evolved Gas Analyser), Nhiét trong lugng — Khdi phd
(TG/MS Thermo Gravimetry/ Mass Spectroscopy), Nhiét
trong lugng — Séc ky khi — Khéi phé TG/GC/MS Thermo
Gravimetry/Gas Chromatography/Mass Spectroscopy.

Comparison of Three Techniques

DSC Integral ~412.23 m]
Left Limit 170.50 °C
ok RightLimit  236.66 °C
witd Left bl Limit  170.50 °C
9 Right bl Limit  236.66 °C
Heating Rate  10.00 °Cmin~-1

TGA Baseline Type line

Step -1.8457 %
-0.1262 mg

um ]

TMA

Onset 211.71°C

d o

1 Step -96.2221 %

1000+ -6.5803 mg
il Residue 1.7537 %
0.1199 mg

---------------------------------------------------

CHUONG 1. PHAN TiCH NHIET VI SAI
VA NHIET LUQNG KE VI'SAI

Phan tich nhiét vi sai (Differential
Thermal Analysis - DTA) 1a k¥ thuat do
nhiét 6 ctia mau so vdi nhiét do cua mot
chét tro nhiét (mAu chuén hay quy chiéu)
trong khi ca hai dugc xur ly cung mot ché
d6 nhiét c6 kiém sot.

\ /
o e
Liquid EE \ EE ——Block
oioges | 12 b3
Cooling 3 3 Hea
orea \\ m".?..
hfl Tl‘l'l&ﬂlill’l sansor
heating elements To lemperature
controller
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Differehtial Thermal Analyser

r

Ciip nhiét

At

Chét
quy chiéu

x
Mau

Hinh 1 Hé thong 6 ctia thiét bi DTA.

T A  Nhiét do cialo

Diﬁérential Th-ermal Analyser- “

Fin

Nhiét 46 quy chiéu

\ Nhiét d@ cua mgll

t (thoi gian)

Differential Thermal Analyser

g
i e L 3
A 5
[—'ﬂ *
Ti Tj
- (‘)
Thési gian —p Thfi gian ——s-
% Toa nhiét
(b) (©
Thu nhiét
Théi gi ®
g1an —p-
(a)

T! > Tr
o3
]

© f

Du’(‘mg coﬁg DTA téng quét

Ts-Tr

I 11 III IV

Nhiét do

Hinh 3. Gian d6 TGA tiéu biéu. I: Nhiét d6 chuyén pha thir cép (bac hai); II: Miii

thu nhiét do néng chay; III: Mui thu nhiét do phan (g phén hity hodc phén ly, IV: Mili
toa nhiét do thay d6i pha két tinh.
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-+ EXO

AT

ENDO =

0 100 200 300 400 500
TEMPERATURE, C

Gian db DTA (Differential thermal analysis) ctia poly(vinyl cloua):
(A) Nhig¢t do thuy tinh hoa, T,; (B) Nhiét d6 nong chz:iy; (c) phan
ung oxi hoa; (D) phan ing khir HCI; va (E) va c6 the depolyme
hoa. [Matlack and Metzger,1966]

Generalized DTA peak

Ts-Tr

Nhiét 46

Hinh 4. Miii TGA tiéu biéu. AHxm = KxA; m: khdi luong, K: hé s6 hiéu chinh, A:
dién tich mii.
Hang s6 hiéu chinh K c6 lién hé dén hinh dang va d¢ dan nhiét ctia ndi
dung mau va thuong dugc xac dinh dya vao cac chét cé nhiét chuyén
pha biét trudc (xac dinh bang thyc nghiém véi méy thé hé cii)

22

———-

Cdc thong s6 anh huwong dén dwong cong DTA
*Kich thudc hat

D6 dan nhiét

*Nhiét dung

*Ty trong

*D§ truong nd/co

*Lugng miu

*Do két tinh

*Khi quyén trong 1o

*Vit liéu va hinh dang noi chira mau
*Téc d6 gia nhiét

*Vi tri ddt cap nhiét trong mau

Ts-Tr

p=5°C/min

p=10 °*C/min

p=20 °C/min

N

s

Hinh 5. Anh huéng cua téc dd gia nhiét dén duémg cong DTA.
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Hinh 6 Anh hudng cua khi quyén.

Exo
I I ~ A A A . AA 5
' M0t s0 chat chuan dung dé hiéu chinh
e Chat (99.999%) T (°C) AH (J/g)
AT Indiqm 156.6 28.47
Thiéc 2319 60,61
ea b % ico Chi 3275 22.99
i L Kém 4194 115.79
Endo h K,80, 583 45.98
Nhoém 660.2 398.1
800 900 1000 1100 1200 1300 °C
K,CrO, 665 54.34
II SrCO, <--->810 + CO,
Cdc théng sé hoat djng chinh e adi Sepre e e a1
» Can c6 lugng miu Ién dé do chuyén pha yéu, vat Kich thude méu fito o)
lieu khong dong nhét. Khi miii bau, toc do gia Tée d6 gia nhiét Chdm Nhanh
nh’let CaIl'ChE_lI’Ll. L i N e = Né6i chira mau block Khoang cé lip
¢ Kich thudc mau nho tang d¢ phan giai. Cac mii e _
nhon Cé[l gla nhiét nhanh Bé mdt/thé tich Lén Nho
. TéC d6 gla nhlét nhanh lam tfll'lg d(") nhay, IlhlIIlg Khi quyén K lon (He, H) K nho (chén khong)

giam do phan giai va dg chinh xac ctia nhiét d6.
» Khi quyén c6 thé cho phan g véi mau va néi
chung do dong tot hon do tinh.
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Mot s6 mg dung ctia DTA va DSC trong phén tich vat liéu
*Khoéng nhiét d§ néng chay
«Téc d6 két tinh va phan {mg
D6 két tinh
*Hién tugng thuy tinh hoéa
*Nhiét dung
*Entalpy chuyén pha
*Dinh danh ving vén tay
D6 bén nhiét va oxy héa
*Phén tich copolyme va blend
*Hién tuong tao mam
«Hbi phuc bién dang (Release of strains)
*D6 tinh chét
+Kiém so4t chit luong
+Gian d6 pha
*Nang lugng tich
*Danh gia mirc d§ nguy hai
«Chuyén pha meso (Mesophase transitions)
+Xc tac
*D6 din nhiét

PHAN TiCH NHIET LUQNG KE QUET VI SAI (DSC)

Q

R
mAT

R

DSC

DSC bu cong suat (power compensation) va DSC
dong nhiét (heat flux). \

* DSC bu cong suat: gitt nhi€t 46 cua mau va chat
chuin nhu nhau; do dong nhiét cung cap cho mau
hodc toa ra tir mau; c6 toc do gia nhiét va lam
ngudi rat cao (tdi 500°C/phut). Hoat dong gisi
han den 750 °C

e DSC dong nhiét (heat flux); do sy thay do1 nhiét
do gitta mau do va no6i chuan, nhu DTA — AT; ¢
toc d0 gia nhiét va lam ngudi chdm hon (101 da
30°C/phut). Hoat dong dén 1500 °C

DSC Bu cong suat
Pt Sensors

APPSO ]

Individual Heaters

» Hai BP gia nhiét doc 1ap; Po truc tiép AH;
Nhiét ké Pt
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Differential Scanning Calorimeter

Hé thong dong nhiét

33

DSC 204 F1 Phoenix®

Két qua tir phan tich DSC

! ] Te
| e %
[ - M
- — L = pt oL A
I ]
ST ST =i | |
L) o @0 L] L] 100 120 o 0o 180 200 0 0 20 %0
Tempersbure. *C

- Endo.

Két qua tir phan tich DSC

glass transition:

melting peak: crystallization peak:

heating ——»

Tetg

Twg __I

—

Tig Tog

Tig

Temperature

CuuDuongThanCong.com

https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

8 { PEO.LICIO, [EO/Li=14/1] [ 31.24 °C (crystalization temperature)
6|
5
:m 4 & Glass Transition ™
= 1 Tn 2850 "\ Crystalization -
2 2F \ l - E
u_‘-: &7.76 Jig (enthalpy of crystaliization)
% O |L_scmn heat cycle s
2 i 69.23 4g (erthalpy of meltng) {3 "C/min),_ | 5
2} "o
| Glass Transition
o T,=-17.57°C Melting
. 57.26 °C (meiting temperatura)
-6 -
i L i 4 A 1 3 1 M [] 2
-100 -50 0 50 100 150 200
Temperature (°C)

| http://sites.psu.edu/jannamaranas/wp-content/uploads/sites/30040/2015/09/DSC.jpg
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B cong suit Dong nhiét

AHy, 285Jg 28
Tein 1564°C  156.5°C
Tpm 157.7°C  157.9°C
| fo Tefm 1585°C 1509°C
Indium =
150 154 158 162 166 170

Nhi¢t d6 [°C)
Hinh 11. Qua trinh néng chady cta kim loai Indium do béng DSC bu cong suat va DSC dong

nhiét. AH_: nhiét néng chéy, T, : nhiét 5 néng chay khi diém hg_oai suy (extrapolated onset),
Tym: nhiét 46 néng chdy tai dinh (peak), T,q,: nhigt 0 néng chay ket thic diém ngoai suy. 2

Cac thong 56 hoat dpng ciia DSC/D TA o
Kich thudc mau
Lai lich nhiét cia mau
Pudng nén
Truyén nhiét
Téc d6 gia nhiét
Tbc 46 1am ngudi

Khi lam sach

Lai lich nhiéi ciia mau

DG e (W/g)=(J/gs)x[1/R(K/Ph)]x(60s/ph)
e PMMA (SP dic)

Tg 105,4 (oC)
Delta Cp 0,332 (WgK)

0.35 1

0.30 1

PMMA (Hat)

Tg 111,1 (oC)
s Delta Cp 0,316 (J/gK)
020
40 BO 120 140

100
Tempemture i“C

Hinh 14. DSC cho thy T, dich chuyén vé phia nhiét do thip hon khi tang s6 lan gia cong. DSC
200 F3 Maia, khéi lugng miu 11,54 mg (hat), 12,5 mg (sp), toc d6 gia nhiét 10K/phut 10

CuuDuongThanCong.com

https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

% Po ding nhiét
. T (a) (Hr =85 J/g)
=
B
D
i N (&) (H,=90 J/g)
0 2 % 8 5 W @ W W B

Thon gian [phit]

Hinh 16. Puémg cong déng rén déng nhiét ¢ 140 °C ctia miu nhya epoxy cho thy (a)
duong cong thong thuong (dudmg lién tuc) va (b) dudmg cong cd vit liéu thoat khoi noi
(duwong dit doan). Khéi lugng mAu khoang 5 mg, khi 1am sach nito.

Téc do 1am ngudi
DSC/(mW/mg)
0.70

2423°C

 exo

0.60
0.50 1

0.40

0.30 -10 Kimin - Tgc dg lam ngudi

-20 K/min ~ tnjic khi gia nhidt

0.20 -30 K/min
-40 K/min
0.10 -50 K/min
p 1465 °C -80 K/min
50 100 150 200 250
Temperature/°C

Hinh 14. Chuyén hoé thiy tinh (75 — 85 °C), két tinh ngudi (146 °C), va néng chay (242 °C) phy

" thudc téc dd 1am ngudi khéc nhau — thay dbi d két tinh bang DSC 2
r A
Khi lam sach.
Mot s6 1y do can phéi 1am sach khoang bang khi tror 0SC / (mWima) = waled
+ Tranh hoi néc hgung tu trong khoang va trén mau khi o Samplemase 34 :
nhiét d6 thap hon nhiét d6 thuong. o Amonar: by

+ Mang di cac khi tap chét thoat ra tir mau & nhiét d6 cao.

+ Béao dam khi quyén khong d6i quanh miu trong khoang
chira mau.

+ Tranh tao dong khi x4o tron khi nhiét do tang.

+ Tranh san pham giazm cdp ngung tu trong cac bo phan
khac nhau cua thiét bi.

+ Tang truyén nhiét vao miu.

+ Tranh oxy hoa khi do & nhiét d0 cao.

43

Mid: -28.3°C
AC,:0.205 Jf(gK)

Mid: 55.1°C -1821)/g

Ie ACs: 0,179 J/(gK)
-50 0 50 100 150 200 50
Temperature / *C

Hinh 21. Quét nhiét ldn 1 (dudng trén) va ldn 2 (dudng dudi) mau nylon-6 bang DSC

e
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Duwong nén

€Xo0
o e . |

®  ® v
P (© @ &
E
£
5 e | S|
i) 7 ® s s R TR

Nhiét d6

Hinh 22. M6t s6 dang va nguyén nhén giy ra tin hiéu gia trén dudng nén. (a) Miu chuyén dong

trong ndi, (b) Ndi chira mu bi bién dang, (c) Néi di chuyén trong 19, (d) Séc co hoc do ban dat

may ¢ va cham manh, (e) C6 k‘hﬁng khi l‘Zlgl.lf_ii di 'véo trong khoang, (f), (g) Tac dong do dong
dién khong 6n dinh, (h) Thay d6i khi quyén, (i) Nap ndi bi bat, (j) L6 thoét trén ndi d6ng/md do
thang hoa, (k) Pau do bj do.

45

Nhiét dung riéng

0
106, 85°C d
2 -2. 137mW 5°C/min
% e
= 4 : 10°C/min
,_*g T e v
£
s Rt
B -
'10 I I T L] 1 T T
40 60 80 100 120 140 160 180 200
Nhiét 46 (°C)
Hinh 23. Téc 40 gia nhiét 1am thay d6i dong nhiét.

C._: Nhiét dung riéng J/g°C

E X H X 60(3/"1.”1) ‘ E.ghﬁngséhiéuchinhkhﬁngcédon ¥i.
= ‘ H: ddng nhiét mW
HR Xm HR: tbc d6 gia nhigt °C/phat

m: khéi lugng méu (mg)

(]

Théng tin vé PP phan tich DSC

2.2.3. Differential scanning calorimetry (DSC)

Differential scanning calorimetry (DSC) was carried out
on a Mettler Toledo DSC model 822. Samples typically of
4 mg were heated from room temperature to 180 °C. The
heating and cooling rate was in all cases of 10°C/min.
The obtained data was extracted from second heating. To
account for the possible crystallization of POSS after the
compounding process the scanning range of temperatures
was set from —30 to 180 °C.

European Polymer Journal 45 (2009) 341-352

Nhigt d6

Hinh 28. Xéc dinh T, trong thi nghiém gia nhiét tir mft dudng cong DSC ly tuong (endo huéng
xudng). Trong duémg cong DSC nay khéng c6 miii tré, cling la truong hop it khi gap. D6 cag clia
miii tén hai chiéu ty 18 véi nhiét dung tang tai chuyén pha thay tinh.
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Déng nhiét

Nhiét 49

Hinh 29. Xac dinh chuyén pha thiy tinh trong thi nghiém lam nguéi tir mét duémg cong DSC ly
tuémg (endo huéng xudng).

49

Dao ham dong nhiét

0.00 [
1 = L 0.08
528 s %
;‘" -0.10 - o 3
& r &
= 825 L 0.02 ig
o0 &
é R :J :8
o ;
B &
-0.30 -0.02
-100 -90 -80 -70 -60 -50 -40

Nhiét d§,0C

Hinh 32. Chuyén pha T, ctia cao su t nhién do bing DSC (dong nhlét) cho cac gid tri Tos va T,
Téc d gia nhiét lO"Clphut

Delta Cp = 0,247 J/g 0C

~

918 °C
60 70 80 90 100 oC
Hinh 33. Puong cong nhiét ciia PET sau khi lam ngudi nhanh (t6¢c d6 200°C/phut) véi T, dugc
xdc dinh tir nira 4 cao (nira C,) o

4.2. Qua trinh nong chéy,_két tinh
4.2.1. Nhiét dp nong chay

Khéi diém
ngoai suy
A 3 zavik " %
Khéi ditm Két thic diém
Puong nén ¥ )
AT .
Jr T
']
Tb Tm 4&
Nhiét do T "

Hinh 62. Bén nhiét d6 dac trung cla qua trinh néng chay. Ngoai ra con c6 dién tich miii (nhlet
chuyén pha) va thoi gian thi nghiém.
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4.2.1. Nhiét dp nong chay

4.2.1. Nhiét dp nong chay

II; —— _i S
Dinh 157,766 °C |
T 25‘ I 1 1 et - £ “CH AT EINL T -
g | | |
B 201 zv . cobil el v Jen B
|t |
% AH=28,651 J/g i N _— |
:%. ! 5 —--7 -8 g1 S / sl b PP S5
10 Khéi diém .
,;g: 156,632 °C N Y s : 1, e Q S UK R 8
1 L | 5 r £ A A
3 | ' ! DSC cua PET quét véi toc d§
150 152 154 156 158 160 162 164 . 20°C/pht |
Nhiét d [°C) > T
Hinh 63. Pudng cong nhiét ctia qua trinh néng chdy cua indium c6 tinh dién tich mii, nhlét dé e 2
khoi diém va nhiét d6 dinh. ’
LS

4.2.1. Nhiét dp nong chay

Dong nhiét [W/g] —s exo

Nhiét d6 [°C]

Hinh 64. BPuong cong nong chay va phan b6 do day phsen tinh thé cua polyme ban két tinh. g

nhiét d6 néng chay khai diém thyc, T, : nhiét do nong chay khoi diém ngoai suy, T,p: nhiét 46
nong chay dinh, T,;,,: nhiét d¢ nong chay két thic diém ngoai suy, T, : nhiét do néng chay két
thiic diém thuc, AH,: nhiét néng chay.

Dong nhigt

%’f&

r

i

s

r

f| et

4.2.2. Cau tric anh hudng
dén hinh dang dudng néng
chay phan tich bang DSC

Hinh 66. C4c yéu t6 anh huong dén duong néng chay
xéc dinh bang DSC.

(a) Chét tinh chét

(b) khong tinh chét

(c) kich thudc ciia tidu tinh thé c6 d6 da phéan tan cao
(d) néng chay cé kém theo phén huy nhiét, toa nhigt
(e) néng chay cé kém theo phén huy nhiét, thu nhiét
(f) néng chay c6 kém theo chuyén pha meso
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4.2.3. Entalpy nong chay ~ 4.2.3. Entalpy néng chay

4 4
=] 5 A =
% Pudng nén thiang % o
' i : ’ DPuong pén cong
A Lead"! 245 3275 |87 1750
Nhiét do i Nhiét 4o f Sow B 0 nY e it L
Oxygen 139 =219 | 213 -183
‘ R134a =101 (2159 -266
% Két tinh y = (AH,/AH,)x100% ! Toluene -3 (31 |1108
' Turpantine 23 '
57 ' Water 334 0 2260 (st 100°C) | 100
M¢ét mau polyetylen dugc phén tich bang DSC, gia nhiét tir nhiét d6 phong dén DA LA ? ’ < A ~
180°C, téc dd 10°C/phut trong khi quyén nito. Roger L. Blaine, Determination 4 2.4. Bé rong cua nua chleu CcadO Mmuil
4 of Polymer Crystallinity by DSC, TA Instruments. r 2 A8
" nong chay (hay két tinh)
o ; 125 . ; 02| Nhiét do khéi diém ngoai suy 236.94°C
0.5 Nhiét néng chay 45,30J/g
£ ® | 5
é‘ o E -0,4-]
: fﬁl
ol 'a 2P B rimg fes mim chilr om0
g 061
20 136.56°C =
-2 5t ~—r t T e B T S t + '0’8_
20 40 80 T.u 12{.c}120 140 160 180 Nhlét dﬁ tal dinh ,51
Nhiét d§ [°C]

Véi mu PE c6 d6 két tinh 100%, AH,, = 293 J/g, tir d6 tinh dugc o két tinh ctia miu ndy 1a r
X(%) = (135,8/293)x100% = 46,3%, nhiét 4§ nong chiy khoi diém 1a 125,58°C va nhigt o néng Hinh 69. Bé rng tai nira chiéu cao cia mii néng chay.
| chy dinh 12 136,56°C. ' ¥

61}
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r
r b - A ~ . . ~ = -
4.2.6. Xac dinh nhiét do tai két tinh khi i
) ~r
lam nguoil _—Meiting point
AH =160 Jig
4 Tpc . 100 -
<+— Lam nguéi : ;
8 F J
t 2 '50-
5 i -
g 2 Crystallization
_:g 0 - AH=451 Jig
A -50 o #. B S L r T TITTtYT™YTTTTYT I ¥
_ -40 20 1] 20 40 B0 80 100
Nhiét d3 ['C] | Temperature (Celsius)
Hinh 76. Céc nhiét d¢ déc trung cua dudng cong két tinh theo ISO 11357-3 va ISO 11357-1. ) bl Sample 4: PEG 900 (polyethelyne glycol. molecular weight (MW) = 900 g/mole)
Nhiét d6 khoi diém: bét dau két tinh, diém bat d4u léch khoi duong nén, gisi han trén dé_ 14y tich Measured Mass: 25.87 mg; Pan used: 50mL, vented (with holes)
phéan nha‘mg tinh emz_ilpy. T,;.: khoi di_ém ngoai suy, T,: nhiét d§ tai dinh, T: két thic diém tHgoz;u' 1) Hold for 3.0 min at -40.00° C; 2) Heat from -40.00° C to 110.00° C at 10.00° C/min
suy, Tg,: két thic dieém, AH,: nhiét két tinh. 3) Hold for 3.0 min at 110.00° C; 4) Cool from 110.00° C to -40.00° C at 10.00° C/min
Sample: Cu-Al-NI Alloy, Sample Flle: CArm\200UALR.003
Size: 38.0000 mg DsSC Operator:
Method: Re6C M=200C g Run Date: 26-Jun03 19:20
5
141.79C
’ - L
1 -
ga— \ The End
1’
-5 <
o7 -
163.99C
‘ ¥ T T T T T T
20 45 70 95 120 145 170 195 220
Temperature (C) ¥
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TGA ANALYSIS Phén tich nhiét trong luong

* Phén tich nhiét trong lugng
(Thermogravimetric Analysis — TGA hoac
thermogravimetry - TG ) 1a phuong phap do
lién tuc d6 thay d6i khoi lwong va toc do thay
d6i khbi lwong ctia mau vat liéu theo nhiét do
hozc thoi gian khi mau dugc gia nhiét trong 10
c6 mdi truong dugce kiém soat.

+ A
Ti d%/dT
1]=

&

&

-~ &

an o~

5‘ E"
Z -

2 501 E
S 3

2 -

= S

(=}

[

Tf
-100 -
! {
Nhiét d6 (K) 7y T2 73
! e ot Lk Hinh 2. Gian d6 nhiét tiéu biéu cho qua trinh phén hiy nhiét qua ba giai doan. (1) Puémg cong d6
Hinh 1. Gian d6 duomng cong TG mét giai doan : mét khéi lugng (%), (2) Puémng cong dao ham _
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Weight (%)

100 } ¥ - 12
] 1.220% 142 51°C
] (0.1248mg) 1301% 443.18°C
(1322mg)
1 20426°C] 7 10
w .
] 3876%
] (3.938mg) r
08
60 I g
06
4 u i
40 365.70°C, E
] -04
156.66°C, 41.46% |
1 (4213mg)
204 L
] 02
Residue: |
wixo 8
_i_
1] T T T T 00
C 200 400 800
Temperature (°C) Universal 4 54 TA instruments

PHAN TICH NHIET TRONG

LUONG

Thermogravimetric Analyser

Khi lam sach

A

<<= Khi phan mg

http://holding.netzschcdn.com/uploads/pics/TG_209 F3 4.jpg?135212 1335
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Hinh 3. Sap xép tiéu biéu cac bo phan
trong thiét bi TGA.

Is
| Nmwierds

Thermogravimetric Analyser

N,

Y ; AN Nhiét d6
Gas Flow max. 50 ml/min J

Yy

AL LSS

Thermocouple _BP ; Khoi luong|  Bp
/ i kiém sodt 16 & g ghi s6 lidu

/

A ot

Y
[N
)

Nhiét d6

Do nhiét d¢ va
cong suat 16

Vitridatmauvals

AN
@ |
ANAAAN

(a) (bl)

» Nbi chira miu bing nhém thuﬁmg dung khi
nhiét 46 dudi 600 °C. Khi do ¢ nhiét d6 cao
hon, can dung néi bang platin.

* Trong khoang nhiét d6 1500—1700 °C, can
dung day dién tr¢ gia nhiét 1a molybden
disilicua (molybdenum disilicide /Super
Kanthal) hodc silic cacbua (silicon carbide /

Globar) va ndi nhtra mau bang platin hodc hop
kim cua platin.

h2) (c)

Hinh 5. Céc loai ndi chita méu: (a) Platinum, 50 va 100 pL; (b) Nhém, 80 pu L, c6 thé dé ho (bl) £
nay c6 nip diy (b2), hodc c6 dong kin; (c) cenmlc 250 p L (TA Instruments). <

CuuDuongThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

B
?

r

Khéi lugng [mg]

T L T T

shsssssasss

mf --------------------------- 4 l-.'?-B
TaToly  Nhiétds TrC)
L iy .
ta tctp Thoi gian t [ph]

2. CAC THONG SO XAC BINH PUGC il
PUONG CONG TGA VA DTG

« 2.1. Khéi lugng thay d6i mot giai doan

Hinh 6. Céc gi4 trj thu dugc tir duong
cong mét khoi lugng mét giai doan
theo tiéu chudn ISO 11358. Truc tung
6 thé biéu dién theo khéi lrgng hodc
% d6 mét khdi lwong. A: Khai diém,
1a giao diém cta dwomg ngogi suy
khéi lugng ban ddu vdi tiép tuyén tai
d6 déc cuc dai trén dudng cong TG.
B: diém cubi 1a giao diém cia duong
ngoai suy khéi lugng sau khi két thic
qua trinh véi tiép tuyén tai 4§ déc cyc
dai trén dudmg cong TG. C: trung
diém cia A va B. Ty, Ty, T, ty, thy te:
Ciéc gia trj nhiét 45 va thii gian tuong
{mg khoi diém, két thic diém vé trung
diém. m,: khéi lugng ban diu (s:
start); my: khéi lugng sau khi két thic.
13

2.2. Khdi luong thay d6i nhiéu giai

doan

Khéi lugng [mg]
3

L e,
Rt e e 3

. ’
--os..--ooo-o-.-aop-'o-...-...-o;--—----¢-{-q-o
bl H

TM Tcl T.! .FH Tﬁ Tﬂ
L Lk 111
b b b tota ln

Hinh 7. Céc gi4 trj thu dwgc tir dwdng cong mét khéi lwgng 2 giai doan theo tiéu chuén ISO

11358. Xem ch thich trén Hinh 6.

i L |
"B
) =
o W
E. &
| & EINE B
5 I : : =
T | ' H 1
[ ] ] . ' )
[} L] ' H ]
1 A : ' )
I H \ :
a' Yo ;
lmmmmeas = mm e

TICI/ t [ph]

i_ lugng khac nhau.

Hinh 9. Sir dung dudng DTG dé xéc dinh cac théng s6 ciia hai qua trinh mat khéi

F

—— Khéi luong [mg]

---- DTG [%/ph]

TICl/t [ph]

Hinh 9. Sir dung dwong DTG dé xac dinh céc théng sb cia hai qué trinh mét khéi

lugng khéc nhau.

\

16
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3.1. Hiéu chinh khoi lwong

1400 T T T T T T T

DTG, pg/min

| _4OOIIIIJ_Il11|IIl[lI
| 100 200 300 400 500 600 700 80O

2 1 o
|  Hinh 10. Cdc dwong cong TGA va DTGA cua qud trinh phéan hiy nhiét cia canxi
| oxalat (CaC,0,, H,0) trong argon vadi toc do 20/phiit.
| (1) mét H,O d¢ hinh thanh oxalat khan nudc, (2) mit CO d& hinh thanh cacbonat, va (3) mélt_lCOZ
| 1€ hifth thanh CaO.

1400

950

DTG, pg/min
g

3.1. Hi¢u chinh khdi lwgng

1Y

-400

Hinh 10. Cdc duong cong TGA va DTGA cua qua trinh phdn hity nhiét cua canxi

1 1 1 et

| - L1 1 1 I 1 I

100 200 300

400 500 600

700
T.°C

800

oxalat (CaC,0,, H,0) trong argon vdi téc ds 20%phut.

(1) mét H,O ‘'dé hinh thanh oxalat khan nudc, (2) méat CO dé hinh thanh cacbonat, va (3) m.?litFCO2

dé hinh thanh CaO.

40

4. CAC YEU TO CHINH ANH
HUONG DPEN TG

Céc thong s6 anh hudng dén khéi lwgng do
duoc:

tinh n61 (Buoyancy),
* su x40 tron cua khi quyén,

su ngung tu va phan Ung,

luc tinh di€n va tir truong,
tinh tré dién (Electronic drift).

4. CAC YEU TO CHINH ANH

Cac thong s6 anh hudng dén nhiét d6 do duoc:

toc do

HUONG DPEN TG

gia nhiét,

d6 dan nhiét,
entalpy cua qua trinh,

* sap x€p mau, 160 va dau do,

sai léch dién. |
Tuy nhién dé do khéi lwgng chinh xéac s& d& hon

do nhiét do.
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Hinh 14. Céc vi tri d4t cip nhiét so vi mau trong TGA.

\
\

7
7

m T
(a) (b) ()

R

Gl

Hinh 15. Can treo tir tinh Sartorius
Model 4201. 1, Nam chadm va cudn
day; 2, don can;3, diém tua don can
(beam fulcrum), 4, bang treo
(suspension ribbon); 5, nam cham

< cua tryc can, 6, nam cham cua
thanh treo (suspension magnet); 7,
g cira s quan sat; 8, than trén bﬁng
thiy tinh; 9, than dudi bang thuy
titth; 10, chén dung miu.

4.3. Anh hudéng cua lygng mau

1001
41830C
i 414,50C
413,00C 2,7/5.4/10.2/17,6 mg
& 407,60C
E()O-
£
2 401
H
20
e
of 360 380 400 420 440
0 100 200 300 400 500 600
Nhiét dé [0C]

Hinh 16. Anh huémg cuia lugng mau dén két qua do TGA.

100+
371,49C
| 401,50C

801 414,50C
o 431.20C
£ 60
E-' 1/5/10/20 °C/ph
«‘540—

20

0] 30 400 450 500 .

0 100 200 300 400 500 600

Nhiét dé [oC]
Hinh 19. Anh huéng cia téc 46 gia nhiét dén két qua do TGA.
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4.6. Anh hudng cua khi quyén

300

400
Nhigt 46 [°C]

Hinh 20. Anh huéng ciia khi quyén dén d6 bén nhiét ciia cic polyme. kk: khong khi.

25

Hinh 22. Khéi luong ban déu ting do oxy héa UHMWPE. Téc d6
gia nhiét 10 °C/phut, khoéi luong mau khoang 11 g.

. Khéi lugng ban déu 43 .
100- ting do oxy héa _23‘\_\ TSma £ nito
g\; I\ ‘\“
Pl \ R
g- k \\
.-E 92 - \. \‘
3 \ X
52 88 \, E
OXy ! khong khi }
“ . 1 2

0 S0 100 150 200 250 300 350 400
Nhiét do [°C]

Mot s6 duong nhiét trong luong ti€u

bi€u

Chdt bén nhiét
Mt meée tu do

N '
| \ Hai dang bén nhidl
\ Gl BeE

Phdn dng véi khbng khi

Phdn ing tao thanh sp bén

\

g

CuuDuongThanCong.com

Cac thong tin vé k¥ thuat phan tich
TGA

2.2.4. Thermal gravimetric analysis (TGA)
Thermogravimetry (TGA) was done on a Mettler Toledo
TGA model SDTA 851 in aluminium pans, with gas fluxes
(nitrogen or oxygen) of 60 ml/min for sample. Weight loss
was analysed having the samples heated at a rate of 10 °C/
min from room temperature to 600 °C. The weight of the
samples was typically in the range between 7 and 12 mg.

European Polymer Journal 45 (2009) 341-352
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5. TG kiém soat tbc dod

* Chon tdc d6 mat khéi luong c6 dinh
(X%/phut) va chuong trinh nhiét do s€ duy tri
téc d6 mat khoi lugng nay, d6i khi ca gia nhiét
va lam ngudi véi s6 1an khac nhau.

7. TG kiém soat toc d6

100 =
\l
pr ~
80 R
1 \j.\‘
60~ VA
b= i B '
= \
40} i
L 'l_
\
20 - \
- =.
0 \ ] L | | ] i |
100 200 300 400 500
Nhiét d§,°C

Hinh 46. Céc dudng cong d6 mét khbi hrong ciia copolyme etylen/vinyl axetat 72:28. Pudng A
thu dugc véi tée do gia nhiét 10°C/phit. Pudmg B thu dwgc bing cach ding phin mém
Autostepwise, tw dong giam toc d¢ gia nhiét khi phat hién c6 do thay d6i nhanh khéi lugng va
tang toc d6 khi khéi luong do dugc c6 thay dbi ft. :

- ' | 427,401°C; 99,6931%
A 0
i 710,901 0C
3 i 22,0040 %fph‘ z
- 487,0750C LB
. 20,0372 %/ph ¥
: )
2% 4684300C i \ o
" 32,7794 %iph \[PY ~ 93887 % WE
2U
 AY=41113%
i '_—==-
200 400 500 550
Nhiét 4 [0C]

Hinh 47. Gin d6 TGA cua ABS khi gia nhiét véi toc 46 khéng d6i 20°/phiit.

il

CuuDuongThanCong.com

-

n

397,0120C; 99,6646%

8

o0
(=]

459,1700C I

o
o

AY = 96,4536 %

— Khéi hrong [%)]
)

DTG [%KL/ph]

416.526°C
20 I
; AY =32110%
g 4 —
200 400 600 800
Nhiét 6 [°C]

Hinh 48. Gian 46 TGA cta ABS khi gia nhiét véi téc d6 khong ddi 5°/phut.
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100} =
80
= 0 Copolyme SAN
g AY = 81,9202 %
3
g 40
20 . Cacbon
Polybutadien | AY =13,4121%  AY=3,9441%
0 f
200 400 600 800
Nhiét dg [oC]

Hinh 49. Gian d6 TGA ciia ABS khi gia nhiét véi ché d6 theo béc.

Téc dd gia nhiét 50°/phut. Giir ding nhiét khi d6 méat khéi hrong virgt qua 1,25%/phit,
ngung ché dd nay khi téc 46 chdm hon 0,10%/phut, thoi gian giir ding nhiét 1a 10 phut.
Khi 1am sach nito dén 700 °C, oxy tir 700 dép 950 °C. Khéi lugng méu khoang 13 mg.

33

5. PHAN TICH DSC — TGA PONG
THOI

Phan tich DSC-TGA d6ng thoi cho céc thong tin

+ D6 bén oxy héa/nhiét cua vt liu

+ Thanh phén cua hé da thanh phan

+ Thoi gian wdc tinh ton tai cia san pham

+ DPong hoc phan hiy cua vat liéu

+ Anh hudng cua khi quyén phan g dén vat liéu

+ Ham lugng am va chat dé bay hoi cua vat liéu

+ Nhiét d6 chuyén pha

+ Nhiét d6 chay mém (fusion) va nhiét phan tng

Déi trong

Cclua can

Diod quang
Chuyén dong va dau do
ciia may do

Chuyén dong
cia may do

Cée chira mau

Cong thoat F "
khi lam sach C0c quy chieu

«  So db thiét bj DSC-TGA ddng thoi ciia hiing TA Instruments - SDT 2960.

£ Calcium Oxalate in Air
PO s Calcium Oxalate in Nitrogen
1+120
(5]
e =
- =
=3 o Sl ey
= =
g 2 X
(e o @
= [
® . tE0
b = [2=
E =4
(=]
- 60
40
1000

Temperature (°C)

Hinh 49. Phén hiy canxi oxalat phy thudc khi quyén phén tich bang DSC/TGA déng thoi
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third reaction step, the atmosphere is changed to O2 — all organic components are
burned out. The loss in weight is 14.33%. The remaining rest of 40.41% are inorganic
components like ashes, slake or fillers. 10
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0 50 100 150 200 250 300 350 400 450 -

Sample temperature (°C) Inorganic salts first set their crystal water free. Vitriol of Copper heated with 10°C/min.
results in a first TG stage, which corresponds to 4H20. TG and DTA show that the curv:
is made up of two separate steps, one closely behind the other. At around 250°C the
most strongly bound water evaporates.
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6 3
s b i l e In the first step of weight loss, the dehydration of the sample takes place. The amount ¢’
; water was 9.27%. In the second reaction step, the volatile components are released by
o 10 220 30 o 500 '_'!;; 70 80 900 1000 pyrolysis under N2 atmosphere. The amount of these components is 35.99%. For the
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