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Abstract - In this study, we evaluated an effect of the tempered materials on the thermal run-
away characteristics in the resol resin synthesis reaction using the adiabatic calorimetry of vent
sizing package 2(VSP2). The kinetic parameters, such as an activation energy and heat of reaction,
were estimated using the test results. As the results, the instantaneous characteristics to express
the intensity of runaway reaction decreased at the low solid content. However, the sudden loss
of the tempered materials triggered the second runaway reaction rapidly. In this condition, the
heat of reaction and the activation energy of phenol and p-formaldehyde were about 157 kJ/mol
and 60 kJ/mol, respectively.
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Table 1. Physical properties of the used mate-

rials
. Furfuryl Nonyl |p-formaldehyde
Material | ohotEa) | TP | phenol(NP)|  (p-FOM)
CAS No. 98-00-0 108-95-2 [25154-52-3| 30525-89-4
MW. 30.03
[g/mol] 98.10 94.11 220.39 (as monomer)
B.P. 164
[C] 170 181.7 |293 ~ 297 (decompose)
Density
1.13 1.07 0.94 1.46
[g/ml]
Purity [%] > 995 > 99 > 99 > 99.5

‘Containment Vessel ~4000 cc

Fig. 1. Schematic diagram and photograph of
the VSP2.
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Table 2. Comparison between the RSST and VSP2
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Table 3. Composition of the used materials

RSST VSpP2 FA |phenol| NP |p-FOM|NaOH | water
sample Standard recipe
size [mL] Max. 8 Max. 100 (SC = 9og) | 3338|3270 | 624 | 27.04 | 034 | 0.30
Phi factor about 1.5 ~ 2 1.05 ~ 1.09 .
Werato oy a3 121 | 023 | 1.00 | 0013 | 0011
Temp. (by p-FOM)
range [C] Amb. ~ 300 -100 ~ 1200
Ni‘s’déﬁe:d ;g;";’e 26.10 | 25.60 | 4.83 | 21.20 | 027 | 22.00
Pressure 80 bar FV. ~ 130 bar : °
range [bar] -
wt. ratio
1.23 1.21 [ 023 | 1.00 | 0.013 | 1.04
Pressure x Max. 690 bar/min (by p-FOM)
control
Agltation - Max. 800 rpm eow Brisly, exed Bh0 o3 dge
. Q)R 220 HIAl O Alfsla] AAlS
Operation Iglrgg)/(aﬁggzg?, ramP/ igotherm 22U Aol dAsialt:
mode X) ’ (adiabatic : O)
n &z & ngt
AHWS X (@]
31. CPMOM EEEEES EFUIE 54
< F UE -] Utk EEEHEE 24 distd WHEE 50 CTHE
TG SRR 2> g AR7S A=A ol o3 L5 AFAAE Fig. 20
FrAFSHA %%(lsothermal) 22 57} (ramping) & UER AT
doz o)golAet, 8718 daks Walol el Zukeler 24 ez £7 /)% AHWS
A dAHEY o’#(CPM constant power mode)Z} o] YAEFZHYAL oF 4271 100 W] oA S A
YA 52 ‘(CHM constant heat mode) 2.2 ?@,%7] of ZFst] 8 AAEIY, 1587 Ul
FEY. =3 A AgrIe g ArEds & DEGHE FASHEA 2w A7 EdE A
AEA o2 AT = Y= JLill%(AHWS Auto Zﬁ]’ﬁlol 0.02 C/min®] 54 YAARE I=

Heat-Wait-Searching) ©] 81141 0.02 C/min®]/32]
o] AF87] WFellA AAE = ol 25

AL FAT Geel A R Do) A% LS
2 9% |Elel oI5 RA/FAA APETIe) wI=

A& FAZ

B Aol A ARSI AR o Ay ATl
A AR debd A AlFYI(RSST) ] 534S 8.oFs)
o] Table 2¢ VERHSATH

& ATl AR =4 ==
HIE Table 3o YeElTh EEEHE (standard
recipe)-& AA FAEBolA RS 240
7 &3 E(modified recipe) ZFHE-g-o] 9,101 /\‘l %
Exd 2o &S Hrist] %’48}04 F7HH R
28 FUT Aotk WAELEL de-2ELHE)
o|EE VEEAE A3t 7—}7L Ao =AME
ARt LA vk 2ELH 5| == AR ]
g §7] E°‘°]'-L 2| °”7<ﬂ dEs 2522

TIaT =

8 kg EYE

- 29 - g7k

g} 2-AA (@)= ARl mHE W B o
o] WztE BTy, (b)e Al ©e 2E235%
= 4 eSS E YERITL Fig 2014 o]
MAIE 7] A7 dAH o2 HE] 25026 T
/min®] $E2 A53gon, 13} ‘Q%-ﬂﬂ(peak)
ol et 224 #Eu g ZFkgo] T3
* AHWS?] iil%“)ﬂ o3 S RItE 7]RlEH=
Ao 7 ZTZure = BA7} Qltk A AFY)
£ ol &% A @401]/‘19% YA AE TR £
«l HF hEe AFAH FARSEA °f‘1 g Al
Ho] Eal7t2=2) wAYo] EA3kA] %E+= vapor sys—
tem¥& AU F AT E=JF 12 EEA A F
oA Hol= o] FA4% A5 o] %9 s
HAT TSR AT AFF A Tdske A

©.2, vapor system®] 7%= WS =T} whES
£ 0% A% dss 2k

ojge] AutelA 14 Bv AL VEOR BE
E3Eo] S FuETF SAZA APNA S48
LA7RA R =E ¢k 101 Cola H2 == 219 T
olglom, Hh¢E & 67 barol YTk LE]al ZFuk

s3] Al18¢d Al4s 2014 8¥



250 70

—s— Temperature
—3¢— Pressure [ eo

Temperature[T]
Pressure[bar]

0 100 200 200
Time[min]
a. Temp. and pressure profile with elapsed time.

100 400

—— dThht
s04 | —— dPrt

60 4

300

200

40 4
100
204

! w ' 1
F-100

-40 T T T -200
i} 100 200 300

S et BOISRIE

Temperature rise rate ['C/min]
Pressure rise rate [bar/min]

Time[min]
b. Temp. and pressure rise rate with elapsed time.
Fig. 2. VSP2 test result of the resol resin syn-
thesis reaction with a constant power mode
about the standard recipe.
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b. Temp. and pressure rise rate with elapsed time.

Fig. 3. VSP2 test result of the resol resin syn-
thesis reaction with a constant heat mode
about the standard recipe.
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Fig. 4. VSP2 test result of the resol resin syn-
thesis reaction with a constant heat mode
about the modified recipe.
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Table 4. Summary of the VSP2 test results for

each case

Item Unit Case 1 Case 2 | Case 3
Real heating rate| ‘C/min 0.26 0.63 0.64
Onset temp. T 101 110 115
Tmax. c 219 245 180
67 35 11.7

Pmax. bar @ 130C  |@ 247C | @ 180C
(dT/dOmax. | C/min 172 47 8.7
(dP/dfymax. | bar/min 320 9 1.6
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Table 5. Summary of the kinetic parameters for
the thermal runaway reaction of resol
resin synthesis

Item Unit Case 1 Case 2 Case 3
T T 101 110 115
max C 219 245 180
o - 1.52 145 1.4

Aj:’lfFl‘ﬂ/l, C 8.1 52 34
62
ATR T 110 130 (173)
76.6

A .

H kJ/mol 76 100.5 @15)
FE kJ/mol - 51 68
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