PHUGONG PHAP DSC-NHIET LUGNG KE QUET VI SAI
DIFFERENTIAL SCANNING CALORIMETER
PHAN LOAI

Gas vent

Furnace ——— Heat flux plate

Gas in ¢ T and AT out

C6 2 dang DSC chinh
DSC thong lugng nhiét — heat flux DSC
DSC bu tru nhiét — power compensation DSC

DSC BU TRU NHIET
e Dugc phit minh bgi Perkin-Elmer dya trén nguyén 1y bu trir nhiét nhitng

.. AT
hiéu wng nhiét tif mau. Trong phuong phap nay gia tri (vi sai nhiét giira

mau va miu so sanh) dugc giit luén béing khong ( =0), bat ki su’ 1éch nao
AT S o _
cua khac gia tri 0 dugc st dung dé diéu Khién 10 nung ¢ mau hoic mau
so sanh. Né&u xdy ra hiéu ng toa nhiét ¢ miu, >0, 10 nung phia bén miu
so sanh s& dugc nang nhiét dd (cung cap mot lugng nhiét bo sung) d€ nang

nhiét do phia miu so sanh va dua vé bing khong, ngugc lai néu xay ra

thu nhiét <0, 10 nung phia bén miu phén tich s&¢ dudc nang nhiét dp dé

AT
dua vé 0.

. x D . AT
Nhu vay nhiét dugc caAp cho mau  » >0 néu qua trinh la thu nhiét <0,

. x . ) AT
va cap cho mau so sainh  m <0 néu qua trinh la toa nhiét . Nhu vay
O AT

m va ngugc ddu nhau:

@, = dg, /dt =- K.AT
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PN AT ,
@D, - tin hié¢u do dugc gan lién véi nhung ngugc dau
K — hé s6 hié¢u chinh (thudng dugc thi€t 1ap tam thoi bdi nha may) hodc bdi qua
trinh chay chuin
e Nhu vay khac véi DTA (tin hiéu ra la AT), tin hiéu ra caa DSC la ®,,, —thong
lugng nhiét, va biéu hién ciia hiéu ¥ng nhiét trén dudng cong ciing hoan toan
ngugc lai

Hiéu ing DTA-peak direction DSC-peak direction

Thu nhiét - endothermic | Hu6ng xudng-negative Huéng lén-positive

Toa nhiét - exothermic | Huéng lén - positive Hudéng xudng-negative
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so do hoat dong ciia PCDSC trén co s¢ mach cau

DSC THONG LUQNG NHIET - HEAT FLUX DSC
e Hoat dong tuong ty nhu DTA truyén théng, vin do AT truc ti€p tilé vdi tin
hiéu ra 1a @, ~thong lugng nhiét (tinh bing mW hoiic Hw ) nhung nhitng
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nhan t6 anh huéng nhu phu thudc nhiét do cia truyén nhiét, ctia sensor... tat
ca déu dugc b trir va dugc thiét ké tinh toan chi ti€t trong phan citng
(hardware) va phan mém (software)

CAU TAO THIET BI DSC

1- Hé thong can truc.

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


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

A Uit A W N
[ T T S |

S Ot B W Y =
[ T T Y D

Lo nung.
Hé thong tai miu

Bang diéu khi€n hoat dong

Tu chia

Niit bAm “an toan”

(1) =]
T
o—— R °
h//z — ‘F/—
iV e
o g 1 lE=i
O 7 '
=0 e
| (1 |
0 § [
f\\ %&%E
i S@Tﬁ
Van chin
Chin Iita

Pién tré dot nong (SiC)
Vit liéu cach nhiét

Vé 1o (2 16p)

6ng bao vé

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


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

7- Hé thong tai mau
8- Noi khi dugc bom vao
9- Nut két néi (nung 10)
10-Ki€m soat cip nhiét dién
11-Quat (lam ngudi lo
e MBoi trudng nung cé thé 1a oxy hoa, khi, tre
CAC BUGC CHUAN B] PHAN TiCH DSC

CHAY CHUAN DUONG ZERO - ZERO LINE PE XAC PINH SU BAT BOI
XUNG TRUYEN NHIET CUA HE MAU VA HE MAU CHUAN

e Sy bat doi xiing trong diéu kién truyén nhiét ciia phia mau va phia miu so
sanh 4nh huéng rat 16n dén két qua. Vi thé€ can xac dinh yé&u té nay truéc khi
ti€n hanh phén tich nhiét

e Dudng zero dugc chay véi hé rong (khong c6 chén miu ca hai bén phia miu
va phia miu so sanh) hoiic dugc chay véi hai chén rong (thudng la Al,05) 6 ca
hai phia

e Duong zero sé dugc tru vao tin hiéu duong cong ¢ » do duge dé xdc dinh
lugng nhiét thit sy cung cip cho cic miu
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Pdi véi hé khong déi xitng dudng zero line nim ¢ mét do cao nhat dinh so véi
truc hoanh ®,

HIEU CHINH NHIET PO T VA THONG LUQNG NHIET @
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e Viéc hiéu chinh truc nhiét @ T (truc hoanh) va truc thong lugng nhiét

(truc tung) 1a rat quan trong dén két qua do. Viéc hi¢u chinh nay
(calibration) dugc ti€n hanh it nhat mot 1an mot nim

e Hiép hoi quoc t&€ vé phan tich nhiét (ICTA - International

Confederationfor Thermal Analysis) dua ra cic chit dung d€ chudn nhiét
do va ham nhiét nhu sau:

Melting points® Solid state polymorphic transformations
Material Temperature Enthalpy Material Temperature Enthalpy
C Ig - °C J/g
In 156.5985 28.42 KNO, 1217 50.48
Sn 231928 59.2 KClo, 299.5 99.32
Pb 327.502 23.16 Ag,S0, 412 59.85
Zn 419.527 1120 Si0, 573. 12.1
Al 660.323 400.1 K,SO, 583 _ 48.49
Ag 961.78 104.7 K,CrO, 665 " 5171
Au 1064.18 63.7 BaCO, 810 89.00
Cu 1084.62 205.4 SrCO, 925 133.23

chit chuin c6 nhiét 30 néng chay hay chuyén pha thu hinh ¢ nhiét do xac dinh véi
gia tri enthalpy ctia chiing la co s¢ d€ chuin nhiét va nhiét d cho thi&t bj

HIEU CHUAN HE SO K(T) (PO NHAY THIET BI)
Ta c6 méi quan hé giiva K(T) va théng lugng nhiét nhu sau:
¢ = dq /dt = - K(T)AT
K(T) — hé so hiéu chuin
AT — vi sai nhiét giita miu va miu so sianh (reference sample)
(I) — thong lugng nhiét
( — nhiét cung cip cho miu
e Sau khi chudn nhiét va nhiét @9 (phan truéc), ti€n hanh do tir 3 dén 5 miu
vat liéu chuédn (theo ICTA). K(T) dugc xac dinh nhu sau:
K(T) = - AHpm/AT
AHg _ nhiét néng chay
m - khdi lugng chat chudn

e (6 thé€ dung saphia (sapphire-don tinh thé AL O3)

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


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

CP.[’).m

C, — nhiét dung chuin ctia saphia

- tdc do nung
m — khdi lwgng miu (saphia)
e Khi dung chit chuén (calibration sample) nén luu § dén sy tuong tic cia
chén va chat

Vit liéu lam Céc chat
chén CsH | H, |Ga|In |Sn | Pb | Zn | Li,SO,| Al | Ag | Au
0 ) X
H,0
Corundum, 0 0 + | + | + + + + + + +
AL O;

Bornitride, BN 0 0 + |+ |+ | + + + + ? ?
Graphite, C 0 0 + |+ | + | + + + + + -
Thuy tinh silic - + |+ |+ |+ |+ ? + - X | %
b4 silic, SiO, + + + |+ |+ | + + + - + | +
Aluminium, Al + - + | - + - + X X X
Al, da oxy héoa + + + |+ |+ | + + + X X X
Silver, Ag + + - -] - - - ? - X X
GOld, Au + + - - - + _ X

Nickel, Ni + + ? - +
Iron, Fe + + + - ? } + }
Thép tinh ch& + + + + - 9 - + | -
Platinum, Pt + + . - - - + - - -
Molybdenum, + + ? ? ? ? ? }

Mo

Tantalum, Ta + + ? ? ? + - + ,
Tungsten, W 0 0 : ?7 ] ? . + ? . + +

+ khong hoa tan, khong 4nh huéng dén nhiét do chay
- tan chay chén, gay thay ddi nhiét do chay

hoa tan cuc bd, c6 thé 1am thay d6i nhiét do chay
x chay chén
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? tinh tuong hgp khéng ro
0 khong thay ro su két hgp

HIEU CHINH DONG NHIET THAT SU TRONG MAU
THIET LAP QUAN HE DONG NHIET TRONG MAU @ r VOI @ m VA
]

____.4_1_.,]
S - R
A |

|

Gid siu: thong lugng nhiét trang thai can bing, Chi c6 khang nhiét giira 10 va miu,
khéng twong tic giira mAu va mau chuin, nhiét @9 miu bang nhiét d6 do dwoc, khong
trao doi nhiét véi moi truwong. Ta cé:

AT

4

:

ANNNONN

-
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\\\< Y,
~\\\\.,.\‘A

0 |
—:_ﬂ“gradT or —:ﬂ‘gradT ‘
A A
Vé’iTF>Ts,TRtaC():
(DFS :/’L(TF_TS) 3 CDFR :l(TF_TR)
Vv
A Al A Al

Trong truwong hop d6i xing nhiét: ®gs = Oy, ciing ding véi Ts = Tr
Néu thong lugng nhiét thay ddi (vd: phat nhiét) (@, < 0) dwoc tao ra trong miu, Ts
tang 1 lwong ATs, vi sai nhiét Ts -Tr cung tang va do do toc do dong nhi¢t s giam.

Khi dat dugc trang thai can bang tro lai (toc do nung dong deu), ddi véi nguyén nhan
cin bang, A®gs thay doi cua @5 phai bang @, .
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7
A
AD = = - At

FS r AI ' S

Khong c6 gi thay doi vé phia mau chuan, do dé

A = A = - N d = AD =0 - &
TS TSR TS TR va r SR FS FR .
Vi thé;
A A
A A
o = - - = - A =—r A
r A (TS TR) Al ' TSR K.2T

-nhung do trén thyc t& nhiét dung cia mau C, va nhiét dung ciia miu so sanh Cg
khong bing nhau va thudng chiing thay d6i theo nhiét 36 nén sé c6 mét lugng nhiét
16n hon thudng di vao miu nao cé C 16n hon, do d6 khi khong cé hiéu @ng nhiét
(chuyén pha) ®, - 0 vin quan sit duge “® « * 0, ddy chinh la tin hidu duong co sé
baseline, nghia la khi khong c6 hiéu ng nhiét:

MO <€ -c O o B —c S-kAT

SR
ddy chinh la tin hiéu duong co s baseline va la phuong trinh co sé dé xdc dinh nhiét

dung. Néu chay véi chén mau rong Cg=0:
AT
C., K I—ﬁ

néu s dung chdt chudn véi Cg da biét:

At
C,~C, K'.—/
S R ﬂ
HIEU CHINH THONG LUGNG NHIET CUA HIEU UNG NHIET BANG
PHUGNG TRINH VI PHAN BAC NHAT
Goi ®rs 1a toc do dong nhiét tir 10 dén miu, ®(t) 13 toc dd dong nhiét tao ra bén
trong miu (phan @ng, chuyén pha), tdng lugng nhiét miu c6 duge tai thoi diém t
theo phuong trinh sau :

C .dTS =® +@
ot * " (tod nhi¢t ®, <0, thu nhigt ®, > 0)
V6iAT=Ts- Tr.
dAT
C a7 tc = @ + @
S S’ FS r
dt dt
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ddi v6i miu so sanh ding véi biéu thire (®, = 0 theo dinh nghia)

R = @
C R’ FR
dt
Trir hai phwong trinh cin bing thu dwoc cong thirc sau :
A
dT d=T B
(CR_CS)' R_‘_C:S' +‘q)r_CDFS_CDFR
dt dt
_ V0i:
$ 1.- ) B
(O = F s N () -
Fs va FR - ;
R R

Fs FR
Res V& Reg @ tré khang nhiét giira 10 va nhitng miu. Trong trudmg hop ddi ximg nhiét
RFS: Rer =R khi do :

A A
T dT d2T
@ Z—(—L(C “C,)— C,.——
r K R ) S R
dTr/dt=p, tbc dd nung, ° ~ C.-R tacé:
A W (TW A
T d=T
q’r(t)Z—(— B I I
\ R ) \R) dt

ti phuong trinh nay cé nhirng nhian xét sau :

g "

dt dt

o Tin hiéu do AT khong phan ving ngay véi thong luong nhiét phdt sinh trong mau
ma tré véi thoi gian, do dé bi bién dang va bi nhoe, s6” hang thit ba chinh la phép
hiéu chinh lugng nhiét bi tré nay

e Né&u Cs” Cg, ngay ca khi khong cé hiéu @ng nhiét phat sinh trong miu ® Y
tin hiéu do vAn khong bing khong, ma c6 gia tri AT RP(Cs —
Cr)= ®., 7 0va, néu AT nay khong ddi nghia 1a R, B, Cs — Cr khong ddi vi
phan cua ching (s6 hang thit 3) biing 0, dudng cong & truéc va sau dinh-peak
song song véi truc hoanh. Trén thuc t& cdc s6 hang nay phu thudc vao nhiét nén
duong cong trudc va sau dinh khong song song vdi truc hoanh.

e toan bd nhiét phan ving hoic chuyén pha Q, toa/ thu nhiét trong miu :

10
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Nhitng s6 hang chira trong ddu ngodic vudng twong ing véi dién tich 1, tich phan con
lai (s6 hang thi 3) chinh i lugng nhiét bi tré dugc hiéu chinh

HIEU CHINH THONG LUGNG NHIET CUA HIEU UNG NHIET BANG
PHUONG TRINH VI PHAN BAC CAO
e Do nhiét do ciia miu va miu so sanh khong do truc ti€p nén c6 mot tré

khang nhiét giita diém do va miu tuong ng

11
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"~ Fs .‘ Tus

Ths. : nhiét d cua diém do
Ts : nhiét do that ciia miu
e Do d6 xuit hién thém mot s¢ khang nhiét giita nhitng 16p truyén nhiét
trong chinh miu, giita ddy cia chén va gia do, giita gia d6 va cdm bién
nhiét. Khi nhiét do trong miu thay ddi (khi c6 hiéu wng nhiét), cim bién
nhiét phin ¥ng sau mot vai sy « tré «, do dé :
dT
T MS — { S ’ 2" =
dt
T, : hé s thoi gian dic trung cho sy tré phan @ng cta di€m do nhiét giita miu va

di€m do nhiét (tinh bang gidy-s)
Twong tu, ta c6 cong thirc cho bén mau so sanh:

dT
= - 7 MR
TMR TR 2" dt
dT dT ) dT
ATSR :Ts _TR :TMS _TMR +Z'2( = = :ATM +T2' .
U dt dt / dt

At = -
("Tw = Tw  Ti :visainhiét do dugc)
lam mét s& phép bién ddi tuong ty nhu trén sir dung ATsg & trén thay cho AT ta

co:
'l A gidr |

~ ~ d=T
(Dr!; _‘ATM-I-R(CS CR),B-I-Tl—M-l'TlTZ—Z‘
R dt at -

12
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¢ day ngoai dao ham bac nhat cta tin hiéu do (thé hién dé déc cia dudng cong
tai mdi thoi di€m) con cé dao ham béc hai (thé hién d6 cong ciia dudng cong),
hai s6 hang hiéu chinh nay s€ t4i lap lai dong nhiét that sy xay ra trong miu.

1, dwge xac dinh boi khang nhiét va nhiét dung giira 16 va cam bién nhiét
1, dwge xac dinh béi khang nhiét va nhiét dung “hié¢u dung” giira miu va diém do
nhiét do cia mau.

e Trong thyc t& phuong trinh vi phan bic hai nay da chinh xdc dé€ tai lap
dong nhiét that sy trong miu

e Muén c6 két qua tot hon, sit dung phudng trinh vi phan bac cao hon khi
xem xét dén sy tré do moat moat s6 khang nhiét khac nhu khang nhiét
gitta nhitng 16p vat chit trong mau....

2 A |
d AT,

] A 2 A
~ 1 d=T d 2T
(Dr$)_——_|AT+K0+K1 +K2 . -I-K3 .
R L dt dt dt

Nhirng hé so K; chita khdng nhiét va nhiét dung, nghia 1a chita hé so thoi gian

|

PUONG CONG DSC

13
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e

temperature

Phan bit diu ciia dudng cong do
Béac thang (step) trén duong cong do
Pudng cong do

Duong cd sG ndi suy bén trong peak
Phan két thic cia duong cong do
Peak — hiéu ting thu nhiét

L e
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CAC PAI LUONG PAC TRUNG
3

. peak (endolhermic)
‘
[}
-8
]
""E_. - LY . .
. )
' . baseline finterpolated)
. ' . ' '
AR S S S
— . : ; i zevo li
zero line
>4 & .- y. -
7, 17T, 7, 7, 7,

temperalure ——

e Puing zero la dudng cong do véi thiét bi rong, nghia 1 khong c6 miu va khong
¢6 chén nung, hoic chi v6i chén nung réng ca hai phia (hai chén miu phai
giong hét nhau). Pudng zero (zero line) cho thay bat déi xing trong truyén
nhiét ctia mau

° Du’0‘ng co' s6 (dwoc noi suy) la du’O'ng ma trong gi¢i han ciia mot dinh dwoc

thiét lap trong theo cach sau: noi dwong cong do truwéc va sau dinh nhw thé
khong co sw trao doi nhiét, nghia la nhw thé khong co dinh nao hét.

e Pinh trén dwong cong do xuat hién khi trang thai cin bang bi pha huy béi toa
hoic thu nhiét dwoc kich hoat nhiét trong miu. Nhirng dinh trén dwong cong
thong lugng nhiét gz'ip lién v6i qua trinh thu nhiét, sé huwéng Ién (hwéng
“dwong”), khi nhi€t bo sung cho hé dwgc xac dinh nhu “dwong” trong nhié¢t
dong hoc. Chi nhirng chuyén bién nao lién quan téi nhiét chuyén pha-thu nhtet
(vi du: néng chay .) mdi din dén hinh thanh dinh (trir sy thay doi trong truyen
nhiét giita mAu va cam bién nhlet) Nhitng chuyén bién khdc (vi du: chuyen pha

thuy tinh) chi din dén sw thay doi hinh dang dwong cong, vi du: sw thay doi bic
thang.

CAC NHIET PO PAC TRUNG
e T, nhiét do bit dau caa dinh. O diy dudng cong cia gia tri do dwoc bit diu
léch khoi baseline, dinh bat dau.
e T, nhiét 0 bit diu cia dinh ngoai suy
e Tp: Nhiéet do cuc dai cia dinh
e T.: Nhiét do hoan thanh cia dinh ngoai suy

15
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e Ti: Nhiét do két thiic ciia dinh: dwong cong quay tré lai dwong co s6, dinh két
thuc.

HIEU CHINH PUONG CONG DSC

I

X, .| o
!
t f - )
1 )-
N |

T..

T. —

a- Bién d6i tuyén tinh hoanh d9 (T) va tung d9 (® ) tuén theo két qua phép chuan
nhiét do va nhiét (xem phan truc-phép chuin)

b- hiéu chinh dudng DSC biing cach trir dudng zero (loai bé bat doi xiing nhiét)
c- loai b6 nhitng 4nh huéng cta thiét bi (tré nhiét) (xem phan ké ti€p)

d- chuyé&n ddi thanh ham nhiét dung cia miu

e- tinh todn enthalpy (14y tich phan cua peak)

® - thong lugng nhiét do dugc

® . — thong lugng nhiét trong miu

® y — thong lwgng nhiét dudng zero (zero line)

® irue- thong lwgng nhiét that sy sau khi hiéu chinh (calibration)

AC e~ thong lugng nhiét that sy trong miu sau khi trir ©
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¢ - thong lugng nhiét phan Wng trong miu
Tm- nhiét d0 do dugce, Ty —nhiét dd chuyén pha, Tyu-nhiét d§ sau khi hiéu
chinh (calibration), T,- nhi¢t do ctia miu, C,- nhi¢t dung ctia miu, *" - thay ddi
enthalpy
UNG DUNG CUA PUONG DSC
e Xic dinh cdc hiéu @ng hod 1y xay ra trong miu: chuyén pha, phan @ng hoa
hoc va dic biét cé thé thié't 1ap gidn do pha tir nhitng hiéu @ng ho4 1y nay
e Xdc dinh nhiét do bit diu va két thic cta cac hiéu @ng hoa 1y
¢ Xic dinh nhiét cua cac hiéu @ng hoa 1y dé: enthalpy AH , As
e Xic dinh dugc mitc do k&t tinh trong vat lidu ban tinh thé (trong mot so
polime va silicat) biing cach so sanh nhiét néng chay ciia miu véi nhiét néng
chdy v6i mot chat tuong ty c6 miic do két tinh da biét
e Xidc dinh cac tinh chat hod 1y cta vat liéu: gian ng nhiét, nhiét dé néng chay,
dic biét 13 nhiét dung..sau day la mot vi du vé cach xdc dinh nhiét dung cia
mau ¢ khoing nhiét d) quan tam:
XAC PINH NHIET DUNG CUA MAU:

sample __;_,.T
is0- : ¥
1 e ther< talibration substance "
:ut‘ 1solhermal
) Ta : ot Tens
< : _
< 6r scanning mode
2 : | e| ¢
2 |- . o3
-— 5 | |®e :
o . "] .
= : ; . o '
] emply pon ) : ’
o i A ' 2 ; A J
Y I ¢ bl 7 min 1
a limg ———————p
Tont

——

temperature

'u 'n‘

17

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


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

Phuong phdp 3 buéc cé dién xdc dinh nhiét dung riéng:

e Budc 1: xac dinh thong lugng nhiét ¢ o dwong zero si dung nhirng chén nung
rong (khéi lwong bing nhau) ¢ phia miu nghlen ciru va miu chuan. Chuong
trinh nhi€t d¢ chi dwoc bit dau khi dong nhiét dang nhi¢t & nhiét do bit dau Tst
12 khong doi trong it nhat 1a mét phiit. Pham vi quét giira Ts; VA Teng €6 thé 1a
50°K dén 150°K trong nhirng nhiét lrong ké hién dai. Pwong zero phén anh sy
bat d6i xirng ciia DSC.

e Budc 2: Chit chuin véi nhiét dung da biét Cre dwoc diit trong chén miu (S),
nguwoc lai khong co gi thay doi o phia chén so sanh (R). Sir dung phwong phap
thuc nghiém twong tw nhw doi voi dwong zero, ta co

CRef-mRef-l3 K(I)(T)((I)Ref - (I)O)-
e Buéc 3: Chat chuan (Ref) trong chén nung miu S dwgc thay thé boi miu S.
Twong tw nhu phwong trinh trén ching ta co:
Cs.Ms.p = Ko(THDs — Dy).

nhi¢t dung tal nhiét d¢ T dwgc xac dinh nhw sau:
¢ - O m

Phuong phap hai budc tuyét doi xdc dinh nhiét dung riéng:

néu nhén t6 chuin phu thuoc nhlet do Ko(T) hoan toan khong d6i theo thoi gian
(hang so) Khi doé viéc chuan can than toc do dong nhlet trong khodng nhiét do yéu
ciu chi can dwoc thue hién mét 1in. Nhiét dung ciia miu khi chia dwoe tinh nhu sau:

Ko (MY, %))
S P

phuong phdp tinh nhiét dung truc tiép trén duong cong thong luong nhiét do duoc:
dugc sit dung khi toc do nung 1a hiing s6, va trude khi tinh toan phai hiéu chinh
dong nhiét thit trong miu (da xét ¢ nhitng phan truéc) hic d6 nhiét dung dugc tinh
nhu sau:

dT dT
® =AD =0 -0 = _s-¢ _R=c - )f

true SR S R S R S R

dt dt

we dugc xdc dinh theo truc tung (dong nhiét sau hié u chinh-da trir duong zero)
theo nhiét @0 T (xem truc hoanh) can xac dinh C,.

o

Cr 12 nhiét dung ctia chat chuin, néu sit dung chén nung réng Cg=0
18
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LUU Y: nhiét dung va nhiét dung riéng la hai dai lugng khdc nhau
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