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Thermal Stability of Grubbs’ Catalyst and Its Reactivity with
Self-healing Agents
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ABSTRACT: This study investigated the thermal stability of Grubbs’ catalyst and its reactivity with self-healing agents for
self-healing damage repair. Four types of Grubbs catalyst supplied by manufacturers were considered and each catalyst
was tested in as-received and grinded conditions. Four types of self-healing agents were prepared by varying the mixing
ratio of dicyclopentadiene (DCPD) and 5-ethylidene-2-norbonene (ENB). Heat flows as a function of temperature were
measured through a differential scanning calorimetry (DSC) to determine the thermal stability of catalysts. Reaction
heats of self-healing agents with the catalyst were measured to evaluate the reactivity of the catalyst. For this evaluation,
Fluka Chemika Grubbs' catalyst was used based on the maximum temperature and the time to reach the maximum
temperature. According to the results, catalysts had different shapes depending on the manufacturer and the results
showed that the smaller the size of the catalyst the higher the reactivity with self-healing agents. As the ENB ratio in
self-healing agents increased, the maximum temperature increased, and the time to reach the maximum temperature
decreased. As the amount of the catalyst increased, the maximum temperature increased, and the time to reach the
maximum temperature decreased. Considering the thermal stability of the catalyst and its reactivity with the self-healing
agent, combination of 0.5 wt% catalyst and the D3E1 self-healing agent was optimal for self-healing damage repair.
Finally, as the thermal decomposition may occur depending on the environmental temperature, the catalyst must not be
exposed to temperature higher than that is necessary to maintain the thermal stability of the catalyst.
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Fig. 1. DSC equipment and its sample
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Fig. 3. Various types of as-received Grubbs’ catalyst
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Fig. 4. Various types of grinded Grubbs' catalyst
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Fig. 9. Change in reaction temperature with time by varying
the types of healing agent for the mixture of 1 ml heal-
ing agent and 0.5 wt% grinded Fluka Chemika Grubbs'’

catalyst
200
180 - 0.1 wt%
fy — —— 0.25Wt%
60| 0.5 wt%
i —— 0.75Wt%
~ 140 F (W
O [
e \i
o 1200 |
5 A
L | -
g 100 | \
g sof I N
) N
L S N
" I N
T TS
a0 F B
0 . . . : .
0 200 400 600 800 1000 1200

Time (sec)

Fig. 10. Change in reaction temperature with time by varying
the catalyst amount for the mixture of 1 ml D3E1 and
the grinded Fluka Chemika Grubbs’ catalyst

© 2 5] FUE ¢ e WS o] 7] Wi
of 27t A &A= Sl of vE-g-2 uff o] X2 of F &
= ZEAES agste] AEstA A E oo gttt 7 A
TFoll A= H=7F BjaA Wi 22 =g ATo] H
WA WE DIEIS A/FH RAR AAste] choper Algol
M g-atgict.

Fig. 100]]+= 7] A|Z 2 & B4 A]7] Fluka Chemika Grubbs
catalyst®] F3 &2|sto] D3E1Y} WHG-AIXT 79 AJTtol| w}
£ WS- 7F Yeh Sl o] D3E1S] 82 1 mlojal
| 9] k2 0.1 wt%, 0.25 wt%, 0.5 wt%, 0.75 wt%o|T}. 7]
o ] Wl D3E10] 0.1 widh Zuj} ukg-3h7] k|t Zufe]
o] Wolx|wl DIELT wheA wgahe o 4= ick. 2o
220t HE EHAZRS Saljo] gFo] 0.25 wt%dl 7%
44°Co} 283%, 0.5 wt%<] 72 141°Co} 1883, 0.75 wt%o]



400 Sung Ho Yoon, Ya Long Shi, Jun Feng, Se Yong Jang

AL 176°Ce} 10922 7| AA o2 BJA|7] Fluka chemika
Grubbs’ catalyst7} D3E137} WE-8-5F uff Zulj o] QFo] W=
A 2Ee A UEULL A BEAR wehA
o} Zu o] oF& 0.75 wt% -85 D3E1#HE] §k-g-o] £X
o] AU LE EAZLS ek ARt A LEL YT &
oA 7] wjZoll Zufe] det/dol Askd -27F Uk
i O] = 0.25 wt% -85 D3E13}9] Hh-g-o] A|4]3]
Asto] Hj o= WOl AN k= AR =7
Uebtet. Zuje] ofo] 0.5 winel 4% Hrjert Zoje)
WSS ABIAIZ A e S W glo] en Hu e
EerAZhe Bl wet 24 e] Zu) ofole} peiEr) B
oAFo A= 71 A A o2 B 2] A 7] Fluka Chemika Grubbs’
catalyste] O 0.5 wisz 2183101 ket Alel 21g3hsict.

Fig. 110f]&= 7| AlF 0.2 B4 A)%] Fluka Chemika Grubbs

T\

200

i 0.5ml
i ——— 1.0ml
1.5ml
10F |\ —— 20ml
—~ O
o ! \\'(\-_
=~ | AN
[ :
§ 100 l \{ \"
g \ :'r(\‘ \\'
g T TN
K Il NN
| N

0 200 400 600 800 1000 1200

Time (sec)

Fig. 11. Change in reaction temperature with time by varying
the amount of healing agent for the mixture of the
D3E1 and 0.5 wt% grinded Fluka Chemika Grubbs' catalyst
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Fig. 12. Change in reaction temperature with time by varying
the environmental temperature exposed to the grinded
catalyst for the mixture of 1 ml D3E1 and 0.5 wt% Fluka
Chemika Grubbs’ catalyst
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