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Effect of Cooling Rate on Crystallization of Solution

Li Yufang®  Zhao Gang®
(1. Department of Electronic Science and Technology, University of Science and Technology of China, Hefei 230027)

Abstract In the common cold storage and freezing process, the type of protective agent and the cooling rate
affect the final preservation effect. In this experiment, the crystallization temperatures of different solutions under
different cooling rate (5, 20, 60  C/min) were studied by using the existing hot and cold table and cryogenic
microscope conditions. Through a series of experiments, it was found that for the same solution, as the cooling
rate increases, the crystallization temperature of the solution will decrease; for different solutions, the morphology
of the ice crystals during the cooling process is also different, and the growth tip is also somewhat sharp and
somewhat flat. The experimental results show that the type of solution and the cooling rate have a certain
influence on the crystallization temperature and the ice crystal form of the solution. In the subsequent experiments,
different storage solutions and cooling rates should be chosen to achieve the best results for different
requirements.
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HIR AR, X PUREBOR Ui, BB PEIR R RS, IR ZS iR 2 ETHEs . XI5 R



H1 T B35 PR R AR, VA TRL T 2 BB, T SO 46 S iE T 8,

XFAFIRER, 7T CUE H 4 b PR IR B AR, Hodr 10% (viv) DMSO 15 ML g ik v
GARIRARY 7, HEE SWIIGEE B RN SR ER L, (B2, MERRERA S, HL5ERPI%E
TR 5K BAREET . X — IR 10% (viv) DMSO 7818 53 [ iR IR AT DLV TR 1K) 45 SR, A B4 gH
MUfIVER . EHI 2(C) T %0, TRESERR A T 1 &5 ST 26 iR B AR T A VA OR DR, i BA T DAZEAR IR PR AT £
P RN — L AV, T BRI AN B AN VR ) &5 AR, R BRI E o 7RG 0 2
TN T —2 PVA IS, RS PVA N, ¥ 045 SR W) IR E s 2 DMSO [1/KF, #iid PVA BF
PEHEVK SR Ve, IR — 7 255 [ o — 2 IS %l

2.2 PERIRFEMNBRKBISE N

B 2 VU EN AN E] PR IR R R 4 Il % . Hp A RoRIEETFIK, B RRMZE 10% (VIV)
DMSO ¥, C Fxr72 1 mol/l B EMEAW, D MJ& 1 mol/l ##:4HE+10 mg/ml PVA ¥ .
A - , ,

5°C/min 20 °C/min 60 °C/min
5°C/min  20°C/min 60 °C/min

20 °C/min 60 °C/min

T
4 L

= i

2 DUFhASFAREARS FMEEE T RS RIS

H 2 T, R SE STk R S B R K2R . 2B TRk & o s s, &4
7 I RIVK T B 950 : DMSO TR Mk i B IR BT, 3 Rk ot T A R e K, 23Uk
SN, SRR LLZEIET | WA R UK AT T, X TS, SRk
R, W T AREIE: A PVA 40 T2 J5 I SRR T R K, XAk s
SRBLIRTHE, K EIUPERR, R AABNAR K. (HRE S, MRER A T S AS
KA IR P AR . B B WA, B MEE R IS, JLok Al e o s, W7egn
HVA VR ARAT IR T 25 5 5 R, SO e T
3 Z5it

R RV SIS TR, PR R TR 4G s B € R, XA 4
AR AR IR EE AR A2 o BEAE PR R Ty, RS I aniR I & N RE, DRI, (RO PR TR TA 2
—RE RIS S B A R AT DR T FL A 4 i RE ATt S P L A PP R DK 4007 SEBSE F PR OR AT
- JiT, R T KRS R A BN .

RIS, I PR A R UK A T BT DU Y, i — AP R A 4R IRIR Ry 77, HAS
(EAT DAFEAR IR 45 e IRLE RIS HAE R UK B TS 2012, X R] UKD UK e 4R i 47 - 5
Y PVA RS IR L BAR BT, ER KRS TR A EIRR, X0 TR R R, "L
ORI B2 BAR A R A oo ot AR LRSS K453, v DR AT I (R A LA 3

ARSLIRHE T T LR A S S, IR T AR 7 — RS, Bl T RIMEGROFEA, 4igmiE
Fff PR AR 3 P 5 2 i 52 4 B 22 ) SRS RN PAS A

5°C/min 20 °C/min 60 °C/min

5 °C/min

100 um



S 3K

(1]
(2]
(3]

(4]
(5]

(6]
[7]

(8]
(9]

Ambrosini G., Andrisani A., Porcu E., et al. Oocytes cryopreservation: state of art [J]. Reproductive Toxicology,
2006, 22(2): 250-62.

Stefanic M., Ward K., Tawfik H., et al. Apatite nanoparticles strongly improve red blood cell cryopreservation by mediating
trehalose delivery via enhanced membrane permeation [J]. Biomaterials, 2017, 140(138.

Yong K. W,, Wan S. W., Xu F,, et al. Cryopreservation of Human Mesenchymal Stem Cells for Clinical Applications: Current
Methods and Challenges [J]. Biopreservation & Biobanking, 2015, 13(4): 231.

Mazur P. A two-factor hypothesis of freezing injury [J]. Experimental Cell Research, 1972, 71(

Crowe L. M., Crowe J. H., Rudolph A., et al. Preservation of freeze-dried liposomes by trehalose [J]. Archives of Biochemistry
& Biophysics, 1985, 242(1): 240-7.

Rossi S., Buera M. P., Moreno S, et al. Stabilization of the restriction enzyme EcoRI dried with trehalose and other selected
glass-forming solutes [J]. Biotechnol Progr, 1997, 13(5): 609-16.

e, BTN, XUEMK, etal. FRRIEE AR SHCR RS RIS SR [J]. 1L T 54R, 2013, 64(8): 2969-74.

WR7, BAeeal, EAEA B g 7GR IK 28072 [3]. T4k, 2008, 59(3): 766-72.

R85, ¥R, &°F, et al. lce Crystal Sizes and Their Impact on Microwave Assisted Freeze Drying [J]. Chinese Journal of
Chemical Engineering, 2004, 12(6): 831-5.



