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Table 1 Phase transition temperature and enthalpy of
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alcohol content

- RO 8 AN R HAE W A fE
w/ % T,/C AH/(Jg ")
K1 1 17.2 157.2
K2 2 16.0 132.8
K3 3 15.3 142.7
K4 4 13.2 131.6
K5 5 10.5 126.7
K6 6 7.5 114.6
K7 7 4.5 102.3

& 3 ML E 7 A [ 4 53 PCM 1) DSC i 4k .
ML 30T UL, 3 P AR iR 2] 0 CH, #5410 19 PCM 1)
WA 2 . YR AR AT, R O BERRS B
2 BEE YN, B PCM 3 8h M AR 25 5 24 3R IR IK 31
— R, B M2 O 25 U s M R RS
T [ S ) 2R M LA v A AL R S AR
P AN 5 T T 3 5 B G TR 9 T, PCM ™= A ]
WAHAZ 25 41 PCM 7E [ W % Ak i i e 44 i, DA 7=
A M AR T

vy M
150+ —K2
K3
—K4
— — K5
% 100 — K6
=
E —K7
= 6% LIREEPCM(K6)
s
#
Sl i
% 50
0_

10 0 0 20 30 40
i £/ °C

B3 E46MEEMAMNDSCHL

Figure 3 DSC curve of composite phase change
material

g o — WA THF -NaCl ¥ W o] 470 BF 98 T
R 2 EE X THF-NaClAH 28 1 B8 59 52 0, 45 58 0 &
4R . M 40 W, R 2 B & B X THE -NaCli#
V) P 725 ik B R A AR v A AT R e, LR
LR OHBEE ARl R 5 K02
6] Y 35 AR B AR, P T THE-NaCl 4 A1 A8 5
it R R IR EE S KT A, 8Ok 4
U B Ry B I R S5 4, AT 4 & T K A Eh i AR
. IR, ROEBENIMA S TIEATRS S

AHAR IO Y 2l K 58 40, X Be K oy F 5 B LR I DL AR
MR G AN ARG K . YRS ik
6% Bf, B 2 A& PCM £ Bl & B 09 A AR I
(7.5 °C)MAHAZ G (114.6 T.g 1), X4 PCM
FEX R EARTE R . I, 785 220 LI g b 8
K6 AF S W3t 6 5 F 17 2F — 25 0 PRAS Fi 20 A

20 - 170
. —o— ¥
i —o— AH F160
L6 \O\
9. F150
14 E

g

{H/(J

15 \° Li40 =

.

10 Li30 =

z \ o
8 o\ H120 &

A

FI10

F100

90

T

6

]

3 4 5
R TR %
B4 BZWHEE3 THF-NaCl#E 3R ENH I
Figure 4 Effect of polyvinyl alcohol on THF-NaCl

phase transition temperature

2.2 BEZFIEE®ESEX K6 T4 ERFI

b VA B G R T VR B B [ A S PR e R T Y
2 SRR A SR A ZE BB (PCM) H 3 3t 77 7E (1) 7]
B LT A5 Bl R R o v B4 BE S A UE 1 R
. SR E RS FEUKAEE PCM &
W A - AR I i R ) R — BT R B S 0 T R ) L
I Ak - 5906 B0 3 AR R AH AR IR B, e H1 55 PCML Y
B RERR

SR TR 2% ih 2. I 5T 0L 44 3R B
SR T B, BB EA A . PSR RET
iR FF 06 TR [ 51 1 Bl A Rk, = B0 B RS M R AE

50 100 150 200
IFF 6] /min

El5 FERMSLHLE

Figure 5 Step cooling curve of nonanoic acid



558 BRI SR 20254F%5 19 445 3
AT A7 B 55 s o TR 8 A AR 5, 1A 2R 1 I B 44 R 1 4% B K6 v i E R E 0.6 CL I R

LT R, H 2R B A S0 T AR IR AR s IR KGR
F] 10 CHF, f £ 72 Be Bl — A F &, Uil E R R
TR AR B . HeAh  FEF & BT, th 2 AE e
— AN T A AT 5 R T A A T IR
ZRA TR AR, 2wk 0.4°Co FERRIER
SIET, THE K G WM AR E R A7 4.4 CL
i, TR A AR IR B & F THE KA, H il T iz 2
28 A Ay S 56 8 0 7R 7 8 A6 IO R A1

g A SR A, 7E PCM s fin A A% 7 L7
SRR SR o B R A L AE T R AR PCM &5
RO s R N1 NS R TR = o e = AN RS B o
PRSI SITE Wl . ARSCIRVE ] T LR AE i R
G PCM W A% s 70 o o A 6] T 4 4 5k (1% .
1.2%.1.4%.1.6% .1.8% K 2% ) W E 8 A =
K6 51, I 5%F 45 4B fh 10 26 % i R b AT T S bR i
g5 ULIE 6 AN 7. DN 6 AT UL, 2 TR Y R A A

— 1.0% L
—129% 32
—_—1.4% &)
1.6% L6
N\ —1.8% =
: N —2.0% ]
< Lo
N N L_16
\ N\ 100 g
777777777777777777777777777777777 1.20 8%
N al
———————————————————————————— 1.40 9y
/ 7777777777777777777777777777777777 1.60 ,@
7777777777777777777777777777777777 1.80 O
N
———————————————————————————————————— 200
T T T AF
0 200 400 600 800
1) /s

E6 TEES=PCM M IE-EEfh&E
Figure 6 Time-temperature curve of nonanoic acid
content PCM

10

B TEC

0.6°C

0 .
1.0 1.2

1.4 1.6 1.8 2.0

7 FTHREENPCMETALELFE
Figure 7 Distribution of supercooling degree of
PCM by nonanoic acid content

WA G (WWE 7). X335 T TR T
A & PCM R M5 404, KA MK S T PCM
() 25 i A% 3 AR, O R AR O T Y B A
SRM , SE 56 48 7R T TR U8 N & 5 A% SR 2 [ AR
AFAE [ 22 2R DG 2R, T 2 o B M — o I 2R PR RRAE
2.3 HMBEHEDW

FH S A A 1 FAE PR R M B 7E S PR TR N
A G s B EE AL N IR AR A PCM
() G 3 A 2 M 6 K6 B R EAT T 50 WK% 25 1 7
555 TR AL, R 58 M BHAE SE PR TAE PR B8 b (1)
YAk 5 R G AR . K 8 Ol K6 ARG 3R 5 B DSC
2R . MR 8 AT LA B A UL 2% B . B B AE IR R B (S .
10.20,30 .40 F1 50 W) B934, 5 K6 1Y AH A2 I8 B i
N RO S E SRR E L 43 i S 7.33.7.35,
T.46.7.44 7. AT F 7. 45 °C 5 [A) B, %k 18 A 95 SR M
B0 A L AR e o, HL AR BRfE 4 B o 115,65,
115.54 .115.13.116. 28 115. 16 #1115. 45 I.g ',
— B EIIE , K6 A4 L 7E 06 1 3 B2 b B A R4F i #A R
AEMERE
> T
881 —n— A
8.6 F120

8.4+ w ” -
éi 8.2+ FL10
= 8.0
mE

PAE/(T-¢7)

7.8 F100 2=
7.6

m [

741 p— T 590
7.24
7.0 r T T r r 80
0 10 20 30 40 50
(EEIRV S GV
B8 fEINRE PCMABEIEEREBERERE
Figure 8 Influence of cycle times on PCM phase
transition temperature and latent heat value

£ b Bk ] Bl A PR PR OB 12 28 5
K6 AR AL 9 30 1 B R iy B R R OB 3 (EE AR
AR, 3K — B U] 22 IR AT Rl S 5 B9 PCMUAR E
PEbE o B — 2B R AEZ DT T 2235 50 IR $ I
P25 K6 YA 2 il B2 B — S A B B ), 3 35
W A4 L A A il o 75 o L B G (HLFH 28 50 UCEAG 2R
Je K6 B A AL i JBE 38 R A /N, T 220 R T . X TR B
TE T BR AR B ARORT 2 52 45 PC ML v& Ji2 07 ThI B9 . 2%
B A R RV E A PCM 2 4 5 G A I, OF
A BEAR 23 B A L




FIGEZA A T 0 0k g 4 AR 7 Ve PR ] A B PR RE BT S

559

3 it

AV T THE 5@ ARG KA HER
PERE, B 7E A9 — b & B M AR R 1 AH AR A1 R
(PCM). 5281 10. 446 g9 99% THF M1 30 g £ B
FARAE R W0 TR A2 53 A8 BT A 2 AR RE 42
fpE T H LAY E R R E . Bl)R L 5IA 10 g
F) S EPAE Ay ek 9 4 R0 3 o R s G LA AR Ak A
Ah I R AR TR R, DA A b R R Y
7 Ko

0 i — 2 38 i b R G R R 1 IR R AR 43
B4 A X L S5 0 B B A 0N 696 1 3R
AR I FFR . B O BER A, A AL PCM
AH S L BE A5 B 0 A DR T AR AE [ A AR it
e, NI PCM E 8 PEfE . &1 xd A1 Rbad 4 %
B TR) B, 51 B 43 B0 1. 4% B T BR A R R 71
TR 1) VS o 2 BRI T AR AR A R R B L LT
A B, 33 — i X 2 v PCM A4 R % 52 44 00 g )37
A EEE L,

Wt B RSB, A R — e I A
RARZE BB PCM. %M BRI T 00 5 9 A0 28 4y
P, A ZE 35 (Onset i 5 ) £ 58 M {2 #5778 6. 3—
8.0 CHyJE RN il H T &Z ML e 9kl . 1t
AN Z A REETE VE R E LE 1156—117 J.g ' Z08],
7t HG T BB R A BB A5 v A TR A R
I

S 3Lk -

(1] PR o A AR B B R O 5% o R [T]. 8 e VR R4,
2024,5(3):1-9

[2] SKAR, BRte, X4 ol . 2 BEBR AN KA /K K AR I %
FEVEAFST[T]. e TR, 2024,45(1) : 35-38.

[3] SkE, 308, BUEE . SRR R 2 e Rk
K [T K411k T.,2023,40(5) : 942-950.

(4] AR M, 2= B AL . RIS B K BE BE HOK 28 170 & & AU
SRl AR S BOR AT AT M B [T]. R 4R Tk, 2023, 38
(5):1-3.

(5] SkAJ70 . AR M RL 55 40 A8 4 BE B R [T]. Bl 24 8 4,
2009,54(4) :468-468.

(6] AR, e, 2L . & A A M R BT E R [T ). Thae M
%}, 2007,38(12):1936-1940.

[7] SRIRLL VIR R MR EEW i e e — A B R e i
AR B FE M LT ] Wi Bk, 2023,46(10) : 129-132
[8] GNANENDRAN N, AMIN R. The effect of
hydrotropes on gas hydrate formation [J].Pet Sci Eng,

2003,40:37-46.
(9] AREASE, A HLARAS BRHME K& WL B 52 [ D] 95
SN K, 2018,
(101 2R, 57 B, 008, 45 7T T8 1 e - P 2 Tk g 2%
FRKEYLT]. R TR, 2009,9(1) : 187-189.
T Y R K WA A R R SR S (D
TR IR BB R A, 2017,
BN B, RS FROT 4R AR THE K& W) e V8 A1 45
i 2 it 8l 3 A ST LT ). TG 222 3838 R 24l , 2005(3)
313-316.
DELAHAYE A, FOURNAISON L, GUILPART 1J.
Characterisation of ice and THF hydrate slurry crystal

[11]

[12]

[13]

size distribution by microscopic observation method[J].
International Journal of Refrigeration, 2010, 33 (8) :
1639-1647.

XIE Y, LIU D, LIU N, et al. Tetrahydrofuran

hydrate formation-decomposition characteristics as cool

[14]

storage medium [ M ]. Beijing: Science Press Beijing,
2008:2-9.

GIAVARINI C, MACCIONI F, SANTARELLI M
L. Modulated DSC for gas hydrates analysis [J].
Therm Anal Calorim,2006,84:419-424.

GUPTA A, LACHANCE J, SLOAN E D, et al.

Measurements of methane hydrate heat of dissociation

[15]

[16]

using high pressure differential scanning calorimetry
[J]. Chem Eng Sci, 2008,63:5848-5853.

DELAHAYE A, FOUMAISON L, MARINHAS S,
et al. Effect of THF on equilibrium pressure and

[17]

dissociation enthalpy of CO, hydrates applied to
secondary refrigeration [J] . Ind Eng Chem Res, 2006,
45:391-397.

FHER, SRR THE X CO, /K & 9 3 F W 4 32 i
[J]. R H46 T, 2022,51(4) : 1065-1069

T CRER, AR, E . — M PiE R K& Y8l
2R A S PR [T ) AR TR 2274, 2024, 21
(4):71-78.

X Z B, E 58 KB, A KGR/ WK A 85525 AR AE B
B M KR IR E RS LT ] A RE R SRR,
2023,12(12):3628-3633.

[18]

[19]

[20]



560 BRI SR 20254F%5 19 445 3

Preparation and Properties of Tetrahydrofuran-Based Phase
Change Cold Storage Materials

WANG Xiaojie, LUO Xiaoxue', HAN Xiaochun, CAO Shibo
(Guangxi Key Laboratory of Marine Engineering Equipment and Technology, Beibu Gulf University, Qinzhou
535000, China)

Abstract: Aiming at the application scenario of fruit and vegetable preservation in marine cold chain logistics within the Beibu
Gulf, it is particularly important to synthesize a suitable phase change cold storage material. A phase change material (PCM)
with high efficiency and stable performance was developed. Differential scanning calorimetry (DSC) was used to explore the
cold storage performance of tetrahydrofuran (THF) and sodium chloride mixed hydrate, and a phase change material with high
efficiency and stable performance was developed. The PCM was synthesized using a core base liquid containing 10.446 g of
99% THF and 30 g deionized water. Sodium chloride (10 g) was integrated as a temperature regulator to adjust the phase
transition range for practical refrigeration requirements. The PCM was synthesized using a core base liquid containing 10. 446 g
99% tetrahydrofuran (THF) and 30 g deionized water. In order to optimize the PCM phase change temperature range,
sodium chloride (10 g) was integrated as a temperature regulator for practical refrigeration requirements. To mitigate phase
separation, three different mass fractions (3%, 6%, 9%) of polyvinyl alcohol were selected for comparative experiments, and
it was found that 6% polyvinyl alcohol optimally enhanced material homogeneity during the phase transition process.
Additionally, nonanoic acid with a mass fraction of 1.4% was introduced as a nucleating agent through layer experiments. The
addition of nonanoic acid significantly reduces the supercooling degree of the phase change material, almost reducing it to zero.
The PCM exhibits ideal phase transition characteristics with stable phase transition onset temperature between 6.3—8.0 °C,
which is suitable for low temperature energy storage. The phase change enthalpy of the optimized PCM is about 115 J-g™ ',
indicating high thermal energy storage capacity. This study has prepared a tetrahydrofuran-based eutectic phase change material
with good performance and very low undercooling through reasonable drug ratio and optimization, providing strong support for
the development of cold storage technology.

Keywords: phase change cold storage material; tetrahydrofuran; temperature regulator; polyvinyl alcohol; thickener; subcooling
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