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TOM TAT

Céc thong s6 dong hoc cta qua trinh chuyén pha ran-1ong cua paraphin da duoc xdc dinh
dva trén mo6 hinh dong hoc bét déng nhiét Ozawa tir dir liéu do nhiét lugng vi sai quét (DSC).
Mb hinh dong hoc bat ding nhiét Ozawa dp dung véi dir liéu DSC cho phép xdc dinh nhanh cic
thong s dong hoc co ban cta qué trinh chuyén pha vai sai s6 ¢6 thé chdp nhan dugc.

Tir khéa: paraphin, DSC, dong hoc bét dang nhiét, Ozawa.

1. MO PAU

Phuong phdp phén tich nhiét néi chung, phan tich nhiét lugng vi sai quét (Differencial
Scanning Calorimetry — DSC) ndi riéng, duoc xem 1a mdt trong nhirng cong cu dau tay trong
nghién ctru vat liéu, khong nhirng cung cép cdc thong tin tryc tiép vé tinh chat nhiét ma con gidn
tiép cung cip thong tin vé céc thudc tinh dién, ti, quang, ciu tric, ... cua vat liéu. Pac biét, tir
dir liéu thuc nghiém phan tich nhiét, ching ta con c6 thé nhén du’qc céc thong sé dong hoc cia
céc qud trinh hay phan ting ho4 hoc thong qua mét trong 2 cach tiép can 14 dong hoc ding nhiét
va dong hoc bat dang nhiét [1, 2].

Déi véi phuong phap dong hoc dang nhiét bang DSC, phép phan tich duge tién hanh dang

nhiét dé khao sat su thay d6i nhiét lugng vi sai theo thoi gian. Céc thong s6 dong hoc phan g
nhan dugc truc tiép tir cdc phuong trinh déng hoc tdng quit:

dx
— = K.(1-x)" 1
o (I-x) (1)
AE
K = A. 2
eXp(RTj )

trong d6: dx/dt tdc do phan tmg; n: bac phan tng; K: hing s toc do; A: thira s6 tan suat;
AE: ning lugng hoat hod; R: hang s6 khi 1f tuong; T: nhiét d9.

Déi voi phuong phdp dong hoc bét ding nhiét, can thyc hién it nhat 3 phép do DSC véi 3
van toc quét nhiét khic nhau, theo phuwong trinh:
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dT
= — 3)
g dt
trong d6: B: van tc quét nhiét (°C/phiit); t: thoi gian.
Ap dung chuong trinh quét nhiét (3) voi nhing diéu kién bién va giéi han gan ding khic
nhau s& din dén cdc mo hinh dong hoc bat dang nhiét khac nhau, trong d6 ¢6 md hinh Ozawa
[3], thudng dugc 4p dung dé nghién ctru céc qud trinh chuyén pha.

Céc biéu thirc co ban dé xdc dinh nang lugng hoat héa AE va thura s6 tan sudt A va bic
phén tng n theo md hinh Ozawa twong tng la:
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Trong cong trinh nay, céc tinh todn theo mo hinh Ozawa dbi véi dit lidu bat ding nhiét
DSC dugc thuc hién trén phan mém “DSC Ozawa Kinetics™ [4], do hiang Shimadzu viét dé xu 1i
dir li€u thyc nghiém thu dugc tu thiét bi DSC-50 (Shimadzu), dva theo cac thuat toan (4), (5) va
(6), c6 dp dung mot sb bd chinh nho theo tiéu chuan ASTM E 698-79. Muc dich dit ra 12 xdc
dinh céc thong s6 dong hoc chuyén pha (néng chay) cua paraphin, vira véi muc dich tim hiéu va
gidi thiéu mot giai phdp nghién ciru dong hoc bat dang nhiét tir dit liu DSC, vira thu thap dir
liéu dong hoc cho paraphin nhu la vat li¢u tich trit nhi¢t nang trong cic ng dung st dung ning
lwong mat troi [5, 6].

2. THU'C NGHIEM

Mau vat liéu: paraphin Trung Qudc.

Thyc nghiém DSC: Thiét bj DSC-50 (Shimadzu, Nhét Ban), khoi lugng méu: 2,77 mg,
chén dung mau bang nhdm c6 nap day kin, dugc dap thanh 14 méng dé tang tiép xdc nhiét,
van toc quét nhiét tuyén tinh 10 — 15 — 20 °C/phut, mdi truong khong khi, mau so sanh: ALOs.

Xt 1f dit liéu DSC: phan mém DSC Ozawa Kinetics viét cho thiét bi DSC-50, version 1.14.

Dé chuédn nhiét do va phiét Iugng, mot lugng nhd In (99,99 %) dugc dua vao chén clng véi
mau, dong vai tro chat chuan trong.

3. KET QUA VA THAO LUAN
3.1. Xdc dinh nhiét dé va nhiét lwgng chuyén pha

Trén gian d6 DSC ciia mau paraphin (hinh 1), qud trinh chuyén pha (néng chay) thé hién
béng hi€u irng thu nhiét (endothermic), xay ra trong mdt ving nhiét d¢ kha rong, khoang 35 °C,
tir 30 — 65 °C, rat dién hinh cho gian d6 DSC cuia cdc mau hdn hop hydrocarbon. Hi¢u tmg nhiét
ctia chat chuan ndi (In) & ving 156 °C. Két qua phén tich bang pho kh01 luong cho thiy miu
paraphin 12 hdn hop clia cic hydrocarbon no mach thang trong d6 chii yéu la cic hydrocarbon
C23-C27 [6]. Bén canh hi¢u tng thu nhiét chinh & ving trén 50 — 60 °C, con cé mot hiéu Gng
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thu nhiét nho, & nhi¢t do thap hon, trong ving 33 — 43 °C. Hi€u Gmg nhiét nay duoc coi la lién
quan t6i mot qud trinh chuyén pha ran-rén [7].

Phén tich nhiét lugng (hinh 1) xdc dinh duoc téng nhiét chuyén pha cua paraphin la 171
J/g, trong d6 phan dong gop cua chuyén pha ran - rin & vung nhiét do thap chi khoang 20 %, con
chu yéu la cta chuyen pha rin — 16ng quanh 55 °C. Déi vdi cic Ung dung tich trir nang lugng
mit trdi, mot phan bd nhiét lugng theo nhiét do nhu trén 1a twong ddi thich hop, cho phép qua
trinh trif nhi¢t xay ra ngay khi nhiét d6 cao hon nhiét d¢ moéi truong khdng nhiéu (35-40°C) va
tiép tuc cho téi vung nhiét d6 Gng véi nhiét d6 khong khi cyc dai (khoang 50 - 65 °C).

& TA Analysic - 24211524.400 [Untitled]

Eile Display Scale Analysis Manipulste Bepor!!  Help

DsC
mwW

0.20
In Standard

Partial Area
30.00C

-0.80

-1.80

\\u/"\

35.00C
40.00C

-9.6547g
-27.804g
-38.58.0g
-66.48J7g

-165.02J}g

5.64%
16.25%
22.56%
38.87%
90.64%

45.00C
50.00C
55.00C
60.00C

-171.02J¢g 100.00%

. |
50.00

100.00

150.00

Temp[C]

Hinh 1. X4c dinh ti phan nhiét lugng chuyén pha theo nhiét d¢ tir gian do DSC.
3.2. X4c dinh cac thong s6 dong hoc chuyén pha co ban

Trén hinh 2 1a gian d6 DSC véi cdc van tdc quét nhiét khac nhau. D& dang nhan thiy, khi
tang van toc quét nhiét, cic hi¢u ung thu nhi€t ing v6i qud trinh chuyén pha ran — 1ong c6 xu
hudng chuyén dich vé phia nhiét do cao.
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Hinh 2. Gian 6 DSC véi van tdc quét nhiét khac nhau.
Phan mém “DSC Ozawa Kinetics” xtr 1f dir liéu trén dé nhan duoc cc thong 56 dong hoc

co ban cua qud trinh chuyén pha ciia paraphin 12 ning lugng hoat hod, bac phan ting va thira s6
tan suat. K&t qua duoc dwa ra trén hinh 3 va hinh 4.
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Hinh 3. D6 thi phu thudc logP — 1/T.1073 (46 thi Arrhenius).

Ning lugng hoat ho4 xéc dinh tryc tiép tir db thi phu thudc cia van tdc quét nhiét vao nhiét
do6 (su phu thudc logf vao 1/T - hinh 3) theo cong thurc (4), cho gid tri 244.55 kJ/mol. Bac phan
ung va thira s6 tan xuét xdc dinh tuwong ung theo (5) va (6), cho gia tri n = 0,97 (qua trinh chuyén
pha nay thong thuong dugc xem 1a bac 1 [8], va k = 8,19 x 10%%/phuit.

Thay gi4 tri 3 théng sb trén vao phuong trinh dong hoc co ban ta c6 thé tinh dwoc hang s6
téc d6 va do d6 xdy dung dudng cong md phong dong hoc phan g tai cic gid tri nhiét do can
quan tam, trong vung nhi¢t d¢ da khao sat. Trén hinh 4 1a dudng cong dong hoc phan tng tinh
cho 3 gid tri nhiét do: 45, 50 va 55 °C. Viéc xdy dung dugc nhiing duong dong hoc chuyén pha nhu
vay rat c6 y nghia khi tinh toan, thiét ké mot hé tich trit nang luong ding vat liéu chuyén pha.
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Hinh 4. Dong hoc dang nhiét mé phong tai cdc nhiét do 45, 50 va 55 °C.

4. KET LUAN
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ba xdc dinh dugc cdc thong s6 dong hoc bao g0m ning luong hoat héa, bac phan tng va
hing s toc d6 cua qud trinh chuyén pha rin — 16ng ciia paraphin dya trén dit liéu do DSC theo
mo hinh dong hoc Ozawa.

Mo hinh ddng hoc bat ding nhiét Ozawa 4p dung véi dit licu DSC cho phép xic dinh nhanh
céc thong sb dong hoc co ban cia qué trinh chuyén pha. Sai s6 ciia DSC va do d6 sai sb cua dit
liéu dong hoc nhan dugc tir md hinh Ozawa 4p dung trén dir liéu DSC la dang ké, nén can phai
thyc hién céc bo chinh, 1dy chuan hodc so sdnh véi dit liéu clia cdc phuong phép khac. Du vay
v6i nhiéu ing dung cong nghé, nhu tmg dung vat lidu chuyén pha cho muc dich tich trit nhiét
nang, cic s6 lidu dong hoc khong doi hoi d6 chinh xac cao va sai s6 ké trén 1a chép nhan duoc.
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ABSTRACT

STUDY ON PHASE TRANSITION KINETICS OF PARAFFIN
USING OZAWA NON-ISOTHERMAL KINETICS FROM DSC DATA

Phan Thi Ngoc Bich
Institute of Chemistry, VAST, 18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam

Email: bich@ich.vast.ac.vn

Kinetic parameters of solid-liquid transition of paraffin, activation energy, reaction order
and rate constant were evaluated by non-isothermal kinetics method of Ozawa from Differential
Scanning Calorimetry data. The Ozawa model was shown to be suitable technique for analysing
kinetic data for the phase transition process.

Key words: paraffin, Ozawa, DSC, non-isothermal kinetics.
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