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TOM TAT

Dic trung nhiét cia mau paraphin ban dau di dugc xdc dinh cho thiy kha ning st dung
lam vt liéu chuyén pha thich hop cho céc tmg dung & viing nhiét d6 50 — 60 °C. Bién tinh
paraphin theo hudng pha tap voi axit béo lam giam nhiét do chuyén pha, thich hop cho cic ng
dung & viing nhiét do thap hon déng ké, nhung ciing 1am giam mot phan nhiét lugng chuyén pha,
do dé giam mét phan hi¢u sudt trit nhiét.

Tuwr khoa: paraphin, DSC, axit béo, vat li¢u chuyén pha, tich trir nhiét.

1. MO PAU

Vigc khai thac va sir dung nang lugng mét cich hiéu qua da va dang la mot trong nhirng
van dé 16n, mang tinh chat toan cu boi phan 16n céc ngudn nang luong khong phai la vo tan.
Tich trir nang lugng la mot trong cic giai phap ki thuét then chét dé giai quyet bai todn nang
Iwgng. Nhiét ndng, bao gom nhiét nang thu dong (nhiét mat troi, nhiét 1ong dat) va nhiét ning
chu dong (dién ning, khi ddt) 1a dang ning lugng doi dao va thich hgp cho viée tich trit ning
lugng. Trong 3 phuong phép tich trir nhiét nang chinh, dya trén nhiét dung, nhiét chuyén pha va
nhi¢t phan ng héa hoc, phuong phdp tich trir nhiét dya trén nhiét chuyen pha la phuong phap
truyén thong va hién tai van duogc xem 1a cich don gian va thong dung nhat. Uu dlem chinh cta
phuong phédp nay la mét d6 trr nhiét cao do nhiét luong chuyén pha thuong cao gap khoang 100
lan so v6i nhiét dung riéng, do vay giam dugc kich thudc cua hé 1am viéc. Mot diém quan trong
nita 1a qua trinh phéng - nap nhiét xdy ra tai nhiét @6 hau nhu khong doi, quanh nhiét do chuyén
pha [1, 2].

D3 c6 rit nhiéu loai vat liéu dwoc nghién cu ding cho qué trinh chuyén pha trit nhiét.
Thuong dugce nhic dén 12 cic mudi hydrat vo co, paraphin, nhiéu axit va este béo, mot sé hop
chat glycol... Trong d6 vt li¢u chuyén pha trr nhiét gdc paraphin 1a d6i tuong dugc nghién ctru
& nhiéu nudc, tham chi di thanh san pham thuong mai (hang Rubitherm, CHLB Bic). Dé ding
lam vat lidu chuyén pha, paraphin c6 nhiéu thun loi: nhiét luong chuyén pha cao, néng chay va
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dong dac g?ln nhu ¢ cung nhiét do (khong xay ra hién tuong qua lanh khi két tinh), khong c6
hién tuong tach pha, khong ddc hai va tro vé mat hod hoc... [3 - 5].

Bai bdo nay trinh bay mot s6 két quéa nghién ctru vé vt liéu chuyén pha trén co s¢ paraphin
hudng dén nhimg ng dung nham tiét kiém ning luong & vung nhiét do thip nhu bao quan, van
chuyén thyc pham, duge phiam hay tmg dung vat liéu chuyén pha trit nhiét chu dong dé can bang
tai trong dién (tich trr ndng lugng trong thoi gian it ¢6 nhu cau dung dién dé sir dung vao thoi
gian cao dlem hoic tich trit nhiét & nhiing liic, nhitng noi ngudn ning luong ddi dao, du thira dé
ding khi can thiét)...

2. THU'C NGHIEM

Mau paraphin ban dau (ki hi¢u P1) c6 XUAt X tir Trung Quéc.

_ Phan tich thanh phan: Phan tich thanh phan héa hoc clia paraphin dwgc thyc hién trén khoi
pho ké GC-MS 5989B Engine. Diéu kién thuc nghiém: cdt HP-5MS; phuong phdp ion hoa: va
cham electron (Electron Impact EI), nang lugng ion hod 70 eV.

Phdn tich nhiét: Xéac dinh nhi¢t d6 va nhiét luong chuyén pha dugc thuc hién trén thiét bi
phan tich nhiét lugng vi sai quét DSC-50 Shimadzu. Ché do thyc nghiém: toc do tang/ha nhiét
d6: 10 °C/phiit, mdi truong khong khi thoi.

Xdc dinh do gian né thé tich trong qud trinh chuyén pha: Dung dng thuy tinh chia do voi
muc chinh xac £ 0,1 ml.

Nghién ciru bién tinh paraphin nham ha nhiét do chuyén pha cua vat liéu dua trén viéc tron
hop v6i hai axit béo stearic (S) va lauric (L) theo céc ti I¢ khéi luong khac nhau. Mau dugc tron
& trang thai 16ng dé tao thanh mot thé dong nhat.

3. KET QUA VA THAO LUAN

3.1. Mt s6 diic trung ciia mAu paraphin ban diu

Thanh phdn mdu: Tt két qua do GC-MS clia mAu P1 dugc cho trén hinh 1, thanh phan
hydrocarbon trong mau dugc dua ra trong bang 1.
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Hinh 1. Pho GC-MS mau paraphin P1.
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Két qué cho thiy mau paraphin hoan toan la hdn hop clia cic hydrocarbon no, mach thang,
v&i s0 nguyén tir carbon C nam trong khoang 21 - 29, trong d6 chu yéu la cdc hydrocarbon C23 -
C27.

Bang 1. Thanh phan hydrocarbon trong miu paraphin P1.

Hydrocarbon Ti 1¢ giita c4c thanh phan trong mau
C21Hus 13,3
C22H46 28,9
CxHasg 74,5
Ca4Hso 99,3
CxsHso 100,0
Ca6Hsa 79,4
Cy27Hs6 69,0
CasHss 49,4
CxHeo 33,2

Nhiét do chuyén pha va nhiét luong chuyén pha

Trén hinh 2a 1a gian d6 DSC ctia mau paraphin ban ddu. Mot pic téa nhiét chinh tai
53,69 °C dai dién cho qu trinh chuyén pha rin - Iong. Bén canh hiéu tng toa nhiét chinh, con c6
mot pic rat nho tai 36,21 °C, dugc coi 1a lién quan t6i mot qua trinh chuyén trong pha ran [6].
Nhiét 6 chuyén pha (rén long) va nhiét lugng chuyén pha AHc, xdc dinh tir gian d6 DSC duoc
cho trong bang 2. C6 thé thay rang nhiét luong chuyen pha ctia miu paraphin ban dau twong ddi
cao 2024 kJ/kg. Pay 12 yéu té rat quan trong ddi v6i mot vat liéu chuyén pha. Tuy nhién, nhiét
d6 chuyén pha ciing khd cao (54 °C) s¢€ han ché nhitng g dung cta vt liéu, thudng nam trong
viing nhiét do twong ddi thap, gan véi nhiét do phong.

Do bén sau cdc chu trinh nhiét

Gi4 tri nay duoc xdc dinh d6i voi mau paraphin da qua 100 chu ki 7chuyén pha ran - 16ng
(mau P2, h:1nh 2b)‘. Nhiét d6 va nhiét 7lu?qng chuyén pha gan nhu khong doi so véi mau P1 (hinh
2a), cho thay d6 bén nhiét hira hen tudi tho lam viéc cao cua loai vat li€u nay.
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Hinh 2. Gian 6 DSC ciia mau paraphin ban dau (a) va miu sau 100 chu ki chuyén pha (b).
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Gian né thé tich trong qud trinh chuyén pha

Gia tri nay dugc xac dinh véi mét s6 mau paraphin, sau mdt s6 chu ki khéc nhau. Do gian n&
the tich xdc dinh dugc tir 7 — 7,2 %. Muc gian nd thé tich nhu vay tuy khong qué cao nhung céan
duoc tinh dén va c6 thé khac phuc nho cac giai phap ki thuat khi xay dung céac h¢ tich trit nang
luong.

3.2. Bién tinh paraphin bing céch trén hop véi axit béo

MAu paraphin di dugc thir nghiém pha tap véi mot sé phu gia c6 thanh phan va tinh chat
tuong ddng nhu mot vai loai m& dong vat, sdp ong, mot s loai hydrocarbon khéc dé ha nhiét do
chuyén pha cia vat liéu véi mong mudn tng dung & viing nhiét do thap Két qua véi mot sd hé,
nhiét do chuyén pha ctia vat liéu sau bién tinh da giam di dang ké, gan t6i nhiét do phong, nhung
nhiét luong chuyén pha ciing bi giam nhiéu, voi mot vai phu gia khéc, gan nhu khong c6 tic
dung ha nhiét do chuyén pha cua vat li¢u.

V6i cdc chat thém gdc axit béo két qua thu dugc c6 trién vong hon. Gian d6 DSC cua cic
mau paraphin tron hgp véi 2 axit lauric va stearic dugc cho trén hinh 3 va bang 3.

DsC DSC
mW mW
1.00 1.00
0.00 —_—
o
0.00 —
Partial Area
2.18¢ .00 /
/\ 32.00C -75.00mJ -26.32.g 32320 4; a8c
200 37000 -0.200 70.2800g Partial Area
100 i 2006 0.27) 9397 28430
: 21) 8392 JOC  -42.3%Kllkg
47.00¢  -0.30J 0.10klg 200 42.00c  -97.02kijkg
35.49C 50.00C  -0.30J 0.10kljg 45.00C  -165.34klkg 4460C
56.00C  -177.95klkg
-2.00) T T T T N TS T T T S [T O ST SO SN BN ST N SR N -3.00 T T T M T AN T M N M N S T S T [N T O SR B |
20,00 30.00 10.00 50.00 50,00 70.00 20,00 30.00 0.00 50.00 £0.00 70.00
Temp(C] (a) Temp[c] (b)
IED DSC
mw mW
1.00 1.00
0.00 - 0.00
my/ \
1.00 = 100 v
Partial Area 32.78C e
i 05Kk Partial A e
36.00c S0.05k}ky  27.74% artial Area
jmg3c  AB.00C-13620Klkg 74.95% 'fﬂm lglgj’“
200 55.00C 178.33klky  99.86% 200 o rﬂs'mll;
60.00C -180.33K)fkg  100.00% 3 1 14.96¢
0480 0.18klg
15.01C A5 -0.19kl)g
.00 ‘ ! ! 300 . . .
20.00 40.00 60.00 80.00 20.00 0.00 60.00 80.00
Templd] (© Temoicl (d)

134

Hinh 3. Gian @6 DSC ciia cdc mau paraphin dugc tron hgp véi ca hai axit lauric va stearic
a- PSL111, b- PSL211, c- PSL221, d- PSL231.
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Hinh 3 (tiép). Gian dd DSC ctia cdc miu paraphin dugc tron hop voi ca hai axit lauric va stearic
e- PSL321, f- PSL811.

Tu két qua nay, c6 thé rit ra mot s6 nhin xét sau:

Hai axit béo déu c6 nhiét luong chuyén pha tuong ddi cao, axit lauric ¢6 diém chuyén pha
kha thap so vdi axit stearic va paraphin.

Viéc pha tron paraphin voi tung loai axit cho nhiét luong chuyén pha kh4 tét. Tuy nhién,
nhiét d6 chuyén pha gidm di khong ding ké.

Viéc thém ddng thoi ca hai loai axit béo vai mot ti 18 nhét dinh cho két qua kha quan hon.
Véi mau PSL111, nhiét do chuyen pha da giam dang ké vé gan nhiét d phong nhung nhiét do
chuyen pha lai giam ddng ké. Mau PSL221 ;nhiét do chuyén pha giam dong thoi nhiét luong
chuyén pha ciing dat dugc khd cao. Vi cdc mau c6 ti 18 paraphin cao PSL221, PSL231, PSL321
va PSL811 qud trinh chuyen pha dién ra qua nhiéu giai doan, tng nhiét luong chuyén pha tuy
cao nhung phan 16n thudc vé viing nhiét d6 cao.

Nhu vdy, bién tinh véi axit to ra kha phi hop, n6 lam giam nhiét do chuyén pha ddng thoi
van giit dwoc nhiét lugng chuyén pha tuong ddi 6n dinh, ddc biét véi sy pha tron mau paraphin
v6i hai axit theo ti 6 P: S: L =2:1: 1, khoang nhiét do chuyén pha giam di ddng ké so véi
mau P1 khi chua bién tinh va van dat yéu ciu cao vé nhiét luong chuyén pha.

Bdng 3. Nhiét d6 va nhiét lugng chuyén pha cta cidc mau paraphin bién tinh.

Ki hiéu miu Thanh phan mau Cic diém chuyén pha (°C) Nhiét luong

P:S:L (klJ/kg)

P1 (mAu ban dau) 1:0:0 3621 | 53.69 202,42

L (axit lauric 100 %) 0:0:1 44,83 180,17

S (axit stearic 100 % 0:1:0 58,99 182,01

PS (axit stearic 20 %) 4:1:0 40,38 55,72 187,39
PL (axit lauric 20 %) 4:0:1 36,57 51,81 180
PSLI11 1:1:1 35,49 42,01 104
PSL211 2:1:1 32,23 44,6 178
PSL221 2:2:1 35,01 43,40 50,66 178
PSL231 2:3:1 32,78 44,96 50,47 190
PSL321 3:2:1 33,60 42,7 50,23 190
PSL811 8:1:1 31,63 35,43 53,25 190
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4. KET LUAN

Paraphin chua xt 1i chtra cdc hydrocarbon no CiHnso, v6i n = 21 - 29, ¢6 nhiét luong
chuyén pha cao va nhié¢t d6 chuyén pha thich hgp cho cic tng dung ¢ vung nhiét do 50 — 60 °C.
Bién tinh paraphin néi trén theo huéng pha tap véi hai axit béo lauric va stearic 1am giam

nhiét do chuyén pha, thich hop cho cic ng dung ¢ vung nhiét d§ thap hon (35 — 45 °C), nhung
cling 1am giam mot phan nhiét lugng chuyén pha do d6 giam mot phan hi¢u suat trir nhiét.
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ABSTRACT

PHASE CHANGE MATERIAL BASED ON PARAFFIN
FOR THE SAVE ENERGY APPLICATIONS

Vu Duy Hien, Phan Thi Ngoc Bich”®
Institute of Chemistry, VAST, 18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam

*Email: bich@ich.vast.ac.vn

Phase change material based on paraffin was characterized and modified with some fatty
acids in order to have thermal properties, which are suitable for the heat storage applications at
ambience temperature. The data of the composition and thermal properties of the paraffin
samples were obtained. They showed that phase change temperature of modified samples
decreased as expected, however phase change enthalpy was also lowered.

Keywords: paraffin, phase change material, fatty acid, DSC.
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