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» Default ARC testing parameter in Corteva Reactive Chemical (RC) group

Container Material: Hastalloy-C (bottom clip)

Container Weight (Mb): ~20.8 g

Sample Weight (Ms): 49

Total System Volume (Vb): 9.66 ml

Head Space Atmosphere: N2

Container Specific Heat (Cb): | 0.42 J/g/°C -

Starting Temperature: 25 °C Corteva Pres-SLlre

End Temperature: 350.0 °C ! »

Heat Step: 5 oC tubing setup 1/16 pressure

Wait Time: 20 min : : through tube;

Calorimetric Rate Threshold: | 0.02 °C/min R o

Stirring Rate: No HC ARC
THT esARC NETZSCH 254 _ : ! meb, 1" 1D
- = mul L | | f 4 i, . - . y with %" OD x
=N '- s : ¥ | 1 stems,
— bottom cli
at P

| 1000 psi N2

for leaking test
prior to each
run
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* ARC: Detect an exotherm (>0.02°C/min) and then maintain an
adiabatic condition to track it.
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* Phi correction is important

MD-2012-120529
20% DTBP . .
ARC Heat Rate Plot Min Sheng For adiabatic test, onset T could
1000 e change max heat rate
Predicted D 20% DTBP in Toluene ARC Heat Rate Plot MD_:ngi?s_r?gr?gg >
100 t———tsssss Prediction Phi=1.05 .."'. . 1000 L > MD-1987-000966_ARC Data
E . | E = Kinetic fit from ARCdata y
PS) ) : = 1'% B ——prediction from ARCKi
o 10 . E i
P — o s+ MD-210512-001-01, V'SP, Phi
5 —F U
o Z -
[y] 1 = 1 / |
% = % E A
4= . S
2 On A 0.1 ¢ //
0.1 Importance of Phi correction ==
I . . 0.01 - A
‘“Max Heat Rate: 7.7C/min vs. 100 50 250 200
. ARC Phi= 1.57 Temperature (°C) 12/6/2021
0.01 201.7C/min— A - =
100 150 200 250 300
ARC Phi=1.57 Temperature (°C) 11/26/2019
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= Go To Equipment Input —
%quipmﬂnﬂag =[R-201B-201 | O Q

b
- - - Key Chemical =|[AAAA | Reaction Heat Gain or Cooling Loss versus Temperature
® [ Physical Siate =[Liquid (Exothermic Reaction A ing First Order Kinetics)
pplication 1. razar cenario T — -
Assess Reaciive Scenarios Only? No s,
- - - - - ‘ Table / User ‘ User Value 10000 P ~ ¥
Data Reference; /{ :
1000
entrication an daliaation (e.g., e ] 7
Heat of Reacion, AHR (calg mix) = 200 200 E m
RAST/LOPA e e i )
Detected Onset T, (C) = 218.99 218.99 r [ =T
Detecied Rate, R, (Clmin) = 0.0216 216602 z P~ 1/
Gas Generaion, k (g moke/ce mix) = 0.0009 9.00E-04 O = \ / C
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R L= 5 Temperare, C 0 100 200 300 400 00 a0 o 300
| : £ ok Rez, Clmin Temperature (-C)
o h & Fracsion Conversion == = - Frezaire - Adabak A = = = Vapu PrEEIE
- - b 4 - - - - - Acivaion Energy = Keallgm maole % Themal eat FRxwith Fire
" " " FressuneRx it C: Hest -aith Poaling plus Heat
4544.01 R-201/B-201 Uncontrolled Reaction - Adiabatic BPCS Instrument Loop F4 Equipment Rupture at Saturatioj Chemical Exposure | 2 3 3 — Eres s i ML oadrg s ez Rl Set Prazure
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* Application 2: Temperature of No Return (TNR) estimation

Kinetics from ARC, then build heat gain curve. Compare heat gain
and heat loss to determine the TNR of a vessel.

i MD-191023-001-03_ARC 5000L react . MD-191023-001-03_ARC
Reaction 1 ARC Heat Rate Plot Min Sheng e’ Heat Gainvs Heat Loss Min Sheng
. 1.E+05 —=
1000 == ARG-Pata 1.E+04 Ms/kg: 4499.739
== Predicted Ind i
= 100 ;ﬁ’ —  LE03 ¢
E ------ Prediction Phi=1.05 = f 3 E :
S ' f ) E 1.6402 Phi= 1.05
3 1 tmass transfer limited e / T e INR= 116.7°C
& reaction, O order i % . P
5 1 L / L 1E+00 4
i '7 E 1E01 _ ====Heat Loss
A :
0.1 ..p/ 1.E-02 =
0.01 ,/ 1 1 i i i 1603 + . . . . .
’ * 0 50 100 150 200 250 300
50 100 150 200 250 300 )
ARC Phi= 2.35 Temperature (°C) 11/11/2021 agitator power= 0 kW Temperature (°C) 11/11/2021
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* Application 3: adiabatic Time to Max Rate (TMR) estimation

(including Td24, Td8) TMR:me dT
T _E Ty —T\" " Numerical Method for ODE
AT, g
ARC Exp. TMR vs Predicted TMR 1000000 400
4.0E4+02 100000 \ ===TMR calculated w/ Phi=1
35E402 | Phi=1.57 \ | * TMRof ARC exp. (Phi=1.57)| %0
10000 ——TMRcalcufated W/ ARCPhi | 54,
3.0E+02 — \ )
1000 . =
T 2.5E402 — _ ' -
'E c 100 -
= 2.0E+02 o | ARCTMR E \ w g
g ——-Predicted 3 10 3 \ &
= 1.5E+02 — 'ﬁ' . 150
¥ \ o
o Y=
1.0E+02 — s o1 \ g
- [=
5.0E+01 — l"z_‘ 0.01 \ - 50
0.0E+00 ' 0.001 : : . . 0
0 50 100 150 200 250 50 10(% ) 150 200 250
T emperature (°C)

&

Townsend, D.I., Tou, J.C., Thermochimica Acta, 1980, 37, 1-30

CORTEVA

agriscience




» Adiabatic Time to Max Rate (TMR) estimation (including Td24,

&<

Td8): Numerical solution vs. Townsend equations
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» Application 4: normal process simulation

Reaction planned to run at 50C
evaluation based on following values for a pilot reactor (500L): cooling jacket 1.58 m? (20.9m by 0.7m,

80% wet area); jacket fluid stays at 50C; overall heat transfer coefficient U=200 W/m”"2-K, close system.

TMR (min) |T_max P_max
«@—/E@ (©) (bar)

Recipe 1 1.74 141.2 22.6 Reactor MAWP ~10 bar
Recipe 2 0.88 384 236

A

s

Recipe 1

Recipe 1

Recipe 2

Recipe 2

Recipe 3

Recipe 3

Pressure /bar
[¥5]
s

_J

200
200
100 ' J 100
20

/4 . . . .
é g time /min time /min

20




&

1000 kg in a vessel

* Application 5: abnormal process simulation (e.g., SADT)

1000kg chemical C solid in a vessel, Water leaked in. At
ambient condition, the reaction starts and ends as an
explosion in about 12 hr.

o o 219711°C
[/' - /\_stag‘c
; 1254 V 5+C 54752 fcg
2 Dry Chemical C
: .o Wet Chemical C
)g' 50
_max=25C Ml T_max=50C
Pl e s _ timejto I ) time|to
- explode = # explode =28
ExoUp " Temwv:\(jjlnerf'cl ” “ 1 1 86 hr o mln
ARC SELF HEAT RATE vs. TEMPERATURE
10000
1000
E 100 3 2
> 3 _max=200C
B 10 4 :
% time to
x
g ! explode <0.1

S

[
o] 50 100 150 200 250 300
Temperature [C] (scale: 1/T kelvin)
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* Application 6: reactive pressure relief sizing

Heat rate and pressure rate from ARC data, then apply various
DIERS methods for vent sizing Gassy system, Homogeneous venting model

Data from the VSP Report
_ HR max (C/min 8 V' VSP containment vessel volume (3.95 L) L 0.0052
- - - 9 Vn VSP can volume (131 ml) L 0.0052
TSS Simulation Phi=1 and 44.3 637.6 10 VSP test type (specify open or closed) - - closed
half fill_ GF-4016 11 Mm Sample mass g 4.495
TSS Simulation Phi=1 and  [K] 60428 : _ 1b 0.010
half fill 38.8% 12 Tm Temperature at maximum pressure rise rate OC 370
— E— K 643
13 dP/dt Maximum pressure rise rate psi/min 60428
100000 psifsec | 1007.13
* ARC MD-181015-001-01 GF-4016 0y o° ¢ A 14 Tc Containment temperature (open test only) ‘K - -
e Simulation ARC . ° 15 Dfo Liquid de.n51.ty .at set pressure 1b/ft3 62.4
10000 ®e . 16 Mo Mass of liquid in vessel b 42000
* Simulation Phi=1 and half fill_GF-4016 e 17 Ve VSP headspace volume L 0.005
® Simulation Phi=1 and half fill_38.8% .0. Ideal Vent Area / Diameter
1000 32 Ai_ [ideal area ft2 14.5242
£ 33 Di Ideal diameter in 51.60
£
4 100 ° Relief System
E R 34 Ft Relief device factor - - 0.9
e 35 Das Assumed relief diameter in 5.75
v 10 36 L Relief system piping length ft 100
3 37 L/D' Relief system fittings equivalent length - - 148.67
a 38 L/D Total equivalent L/D -- 357
& 39 N Line losses - 4fL./D - - 7.6
1 e 40 LF Line factor (From figure VI-A9) - - 0.5
Actual Vent Area / Diameter
0.1 41 Aa Actual area fi2 32.2759
42 Da Actual diameter in 76.93

+ LR T A A T e A T S I S +:+++++++++++++++-|+0+++|—
100 150 200 250 300 350 400 450

Temperature (-1/K) Labeled as °C




* Application 7: Open cup ARC for oxidation reaction

Self Heat Rate [C/min]

10

o
i

Heat Gain & Heat remove vs. Temperature

7
y;
V4 -
ARCILIOU. 10U Z=0lC {
Simulation w. Phi=[l.06 ~ il hl v N
=Simulation w. Phi=[L
=Heat Remove w. 2000M3/hr Air L
7 B
1
1 ~
/‘/
T=23C T
TNR+48.5C
7
/
/"

100 150 200

Temperature [C] (scale: 1/T kelvin)

250

300 350 400450

Heat Rate (C/min)

100

10 -

0.1

© 180321-002-02 (Airpel20 under Air)
© 180321-002-01 (Airpel20 w. cyclohexanone under Air)

© 180321-002-03 (Airpel20 w. cyclohexanone under 10.5% 02)
© 180321-002-004 (Airpel20 w. cyclohexanone under 5.25% 02)
© 180321-002-005 (Airpel20 w. cyclohexanone under 2.65% 02)

0.01

100
Temperature (-1/K) Labe

Be+00
T.Q0e+10
T.2de400
G 52e+00
5 .93e+0
A.37e+00
4.61e+00
3.95e+00
3.20e400
2 62e+00
1.88e+00
1.32e+00
6 50e-01
59104

D5e+H]
3.05e4012
3.05e412
3.0e1Z
3.0de1Z
3.03e4H12
3.03e412
3.0ZeH1Z
3.0ZeH1Z
3.0ZeH1Z
3.00e2
3.00e42
3.00e+12
3.00e+12

Welocity Vectors Colored By Velocity Magnitude (mis) Contours of Static Temperature (k)



* The outcome of all applications may impact the production process
and initiate process changes, which means “cost”. Ensuring data
accuracy is important to avoid incident, as well as reduce cost.

=» General guidance
* Avoid to rely on a single data point to tell the reactivity hazard
* Make sure your instruments give you reliable data
 Always investigate the cause of data inconsistency
* |If possible, try to get consistent data from different instruments
e.g., ARC + DSC:
o total heat from ARC is ~80% of that from DSC ... vioises n
o Onset Temperature?



https://pubs.acs.org/doi/abs/10.1021/acs.oprd.0c00459

* Onset Temperature of ARC vs. that of DSC
ARC: onset T at 150C with different Ea:

10

-

Self Heat Rate (°C/min)
o
=

0.01

100

ARC Phi= 2.00

ARC: Cp=2, Phi=2, onset T @ 150C & 0.02C/min
Heat of reaction (dH) /(cal/e) e 5 e DSC Sensitivity  |sample size Detection threshold
Activation energy (Ea) /(kJ/mole) 180 130 80 run .
10 uw 1mg 10 mW/g 0.3 C/min
Ln(A) 38.809 | 24.556 | 10.375
Reaction order (n) 1 1 1
Hypothetic Kinetics for ARG, (=2 ARC Heat Rate Plot Min heng Hypothetic Kinetics for ARC, cp=2 - ARC Heat Rate Plot |, - Sheng
/ 1000 F i ARC: Cp=2, Phi=2, onset T @ 150C & 0.02C/min;
——Ea 180 kJ/mole —Ea 180 kJ/mole
— 2 130K/mole va 100 L —lEa130 k.l;mole // DSC: sensitivity 10 uW, sample size 1mg
—£a 80 kJ/mole / Z ——Fa 80kJ/mole = //’ Heat of reaction (dH) /(cal/g) 75 75 75
///-\ o 10 i ==DSCdetection t'"es"‘y/// Activation energy (Ea) /(kJ/mole) 180 130 80
/ / B - // ///' Ln(A) 38.809 | 24.556 | 10.375
® 1 —
éﬁ/’—\ Z ’///ﬁ — Reaction order (n) 1 1 1
Vi N —— DSC onset /C 167 174 191
£ Onset T difference /C 17 24 41
150T(-zmp(-‘:ra\tur(-‘: ('C)200 0 12/3/233(1] 0.01 150 ! \ee p a = g;;fe—r_e-nse_t__z‘;;
ARC Phi= 1.00 Temperature (°C) 12/3/2021
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Higher Ea, lower onset T difference;
At onset, a=»0, reaction order (n) has insignificant impact
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 Original Dow ARC could maintain adiabatic condition up to 20°C/min.

* Corteva THT esARC
ARC test for 50% DTBP in toluene; 4.03g in 21.114 g Hastelloy C ARC bomb
Slope of oven T in 297.5~300min: 15.0 °C/min (hardware limit)

P
Pressure through tube
e Adaptor for the fitting of + ARC Temp .
- Pressure through tube + Average ARC Oven Temp P

®‘ R - + Self Heat Rate from ARC Temp ‘— _.‘-
) @ .
\ 2one

| %" Swagelok
Zonc f fitting —

L * *
52 [~ ARC sphere 17 w .
: P ~. . .t ' W

......
...............

a
ak
ad

Self Heat Rate [C/min]

Temperature [2C]
. °
J‘.'

[s}

Oven 7| | )
Heater |

120
2

Bottom zone Time [minutes]

DTBP: di-tert-butyl-peroxide
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* Difference between sample and oven

AT <1 C below ~13 °C/min

AT=0°Cat13.5 °C/min

30
4 — ® ARC temp - Average Oven Temp
. ATopTemp @ Side Temp ¢ Bottom Temp O 25
23 c
5 & A % 20
gl 2 ® “ .-‘ |_| 15 .__.-"'.‘..
e %, ¢ A ® .
= R A I S-S o 10 & y=0.1558x-2.0984
e nelngiett LT3N T RN
2 0 A A L% o . ol @
< a2 %
%I 5 .2 0 a
o ‘o0
-5
-2 0 50 100
0 5 10 15 20

Self Heat Rate [C/min]

Self Heat Rate [C/min]

We believe delay from control system lowers such limit.

Be caution if you have ARC data with high self heat rates. Thermal lag is
another big issue for such data, more detail in our paper: ow erocess res. vev. 2021.25. 1. 108115

&<

150 200



https://pubs.acs.org/doi/abs/10.1021/acs.oprd.0c00459
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* Pressure tubing and transducer are all outside of ARC oven. The
temperature of those parts will be much colder during a run.

NETZSCH
254

THT
esARC

P Transducer

|

ccccccccccc



* When ARC is isotherm at 250°C, tubing and valve are around
ambient temperture
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Corteva setup: to reduce sample headspace volume by using small
tubing and moving P transducer closer, special valve and filling with
silicone oll (Dow Corning 710).

* 1/16” tubing, 1/16” pressure through tube
* Three way taper seal needle valve (15-12AF1)
 Fill oil from transducer to valve V1 (clean & replace oil

between V1 and V2 for each test)



https://www.highpressure.com/products/valves-fittings-tubing/taper-seal-valves-fittings-and-tubing/taper-seal-needle-valves/

Corteva setup: still a small empty space where sample <.
can condense? N-Pentane in a HC bomb with an
internal volume of 9.66¢c

Pentane, boiling @ 36°C, Critical @ 196.5 °C o
» 3.1289: vapor pressure up to Tc [ 1/T6inch, 3128 Pentane

® 1/16inch, 0.557g Pentane
» 0.557¢: vapor pressure to 153.5C, then ideal gas o 1/16inch, 0.305g Pentane

1000 -

=>»9.66¢c vapor, 0.063g condensed outside
» 0.305g: vapor pressure to 122.5C, then ideal gas
=>»9.66c¢c vapor, 0.046g condensed outside

Corteva setup has about 0.09cc of
potential empty tubing space for sample
condensation during the ARC test

Pressure (psi)

=
o
o

Ideal gas line

10 . . . |
50 100 150 200
Temperature (-1/K) Labeled as °C

ccccccccccc



 Typical setup we saw in other labs:
1/8”" Tee + ball valve, 1/8” pressure
through tubing, oil from PT to Tee

(1/16”tubing)
* 0.94q9: vapor pressure to 150.8C, then ideal gas
=>9.66¢c vapor, 0.473g condensed outside | ziz: szz EI
« 0.68g: vapor pressure to 130.2C, then ideal gas 1000 | ® 1/8inch, 0,939 Pentane yd
=9.66¢c vapor, 0.375g condensed outside | thh;;::iptt

This tubing setup has about 0.68cc of
potential empty tubing space for sample
condensation during the ARC test

Pressure (psi)

=
o
o

10

0 50 100 150 200 250
Temperature (-1/K) Labeled as °C

ccccccccccc



* Why it matters?
1. Volatile components could be removed from the tested sample

o Resin + H2504 + MeCl2 (~5wt%), 1/8inch ;
® Resin + H2504 + MeCl2 (~5wt%), 1/16inch . "
= MeCl2 Vap Pressure (Antoine)+pad corrected Y . : ’
1000 =
. |
|
]
||
|
[ ]
7 .
o ] r ]
g ", !
a ue i [ ]
g L £
a 100 o
]

10 t t t t t t t
50 100 150 200 250 300 350
Temperature (-1/K) Labeled as °C

Sulfuration reaction, MeClI2 is used to swell polymer
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* Why it matters?

2. Data consistence with volatile solvent or exotherm at high
temperature (e.g., 100°C higher than boiling point).

Heat Rate (C/min)

0.01

® 1/16 inch, 0.913g DTBP/Toluene Phi=4.53

® 1/16 inch, 0.908g DTBP/Pentane Phi=3.87

100

Temperature (-1/K) Labeled as °C

150

Heat Rate (C/min)

0.01

~0.9g sample in Ti bomb

total heat (J/g)

1/16" [20% DTBP in Toluene -141
setup |20% DTBP in Pentane -137
® 1/8inch, 0.906g DTBP/Toluene Phi=4.5 1/8" 20% DTBP in Toluene _1 1 2
e 1/8 inch, 0.908g DTBP/Pentane Phi=3.87 .’/H’-.. Setup 20% DTBP in Pentane _72
S .o'.-"..-
" * oo
100 léO

Temperature (-1/K) Labeled as °C
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Agenda

* 1, General applications of ARC in Corteva Reactive Chemicals (RC)
« 2, Adiabatic limit

3, Pressure tubing and condensation

« 4, Sample loading size

* 5, Bomb rupture
* 6, Bomb compatibility
 /, Low onset exotherm




* 20% DTBP in Toluene (Cp 1.746J/g/°C), Ti ARC bomb (~10.5¢g, Cp
0.54J/g/ °C, 9.66¢cc), Corteva tubing setup

# | Sample size (g)| Onset T (°C) | Total heat (J/g) 10 ey
1 5.193 115.9 -227.7 100% s .
2 4.013 118.3 -214.8 94% P W
3 2.061 120.8 -183 80% p

4 0.913 125.8 141 62% -

Total heat is after Phi correction. In an ideal world,
it should be the same for all tests.

» 5.193g DTBP/Toluene Phi=1.63

Heat Rate (C/min)

0.1 - ¢ 4.013g DTBP/Toluene Phi=1.79

+ 2.061g DTBP/Toluene Phi=2.55

For the same sample, why #4 (0.913g) is lower by
38% than #1 (5.1939)??7?

+ 0.913g DTBP/Toluene Phi=4.53

0.01

100 150 200 250
Temperature (-1/K) Labeled as °C
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* Kinetic from data of 5.193g ARC, then simulate 0.913g ARC run

100

150 100%
T 130 80%
10n0 E"
()
£ 5
£ i i 2 110 60%
2 B A-> B (N-Order) E <
B - o -
2 _ 1. .-E/RT n a
£ r=kgje (1—a) £ 90 40%
1001 Kinetic parame ters Estim & ¢ 0913g ARCdata T
Parameter VYalue 70 - - - 20%
ikl T simulation_T
E 158.1451 — simulation_[A]
n 1 50 0%
0 2277 0 200 400 600 800 1000 1200 1400
o | | | | time (min)
100 120 140 160 180 200

Temperature (exp), C

At onset T (125.8C) of the 0.913g ARC, [A] conversion is already 9.8% at HR>0.02C/min, at the end
of Exo, 3% left when HR<0.02C/min. =» 12.8% was missed by the Exo track due to instrument
sensitivity (<0.02C/min)
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 DTBP vaporized into headspace (vapor phase)

In 0.913g ARC, exo between 125.8 °C and 143.6 °C, Vapor density at
134.7 °C: 6.06 mg/cc, From ASPEN, vapor contains 23.7wt% DTBP =
0.01229g (6.7%)

 DTBP condensed into cold tubing

0.09cc of potential empty tubing space, density at 25C: 0.8538g/cc,
assume 20wt% DTBP =» 0.0154g (8.4%)

=» Generally, avoid <1gm liquid sample size for 389 difference
ARC test

Larger sample size is better for data quality,

our default sample size is 4 gm for unknow sample,
but watch for bomb rupture.

= Sensitivity (<0.02C/min)
= Vaporization
= Condensation

Unknow
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 /, Low onset exotherm




* Rupture:

1~2-week instrument down time (recertify ARC)
Put personal under chemical exposure risk
Potentially instrument damage




Typical ARC bomb used in Corteva RC group

ARC Bomb Average Burst | Approximate
Type Pressure (psi) | Weight (gm

FT-2

(Ti) 0.035” 7000 10.1
FS-2
316SS 0.035” 15,000 17.6
FH-2
(HC) 0.035” 14,500 20.8

From 2005 , total of 21 ruptured ARC
documented in our RC database

m Cause of rupture

hydraulic overfill

9
8 high energy materials
3 Bomb compatibility

46 CORTEVA
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* Liquid thermal expansion:

4 gm of N-Decane is 12.3cc liquid at 340°C, while ARC has 9.66cc and
heated up to 350C
Density vs Temperature Max load for 9.6cc volume
Max load for 9.6cc ARC test (g) Al'oo _ O
Water 5.52 30 s ° | \
Toluene 3.84 g 060 I
§040 = \N ater (Tc=374C) § a L e \N ate 1 \
N-Decane 313 | Toluene (Tc=319C) e===Toluene
20 == N-Decane (Tc=344.5C) ? === N-Decane
0 50 10:-em;22atu32(zdeg22;) 300 350 400 0 50 10(.)rem;5e(:.atu:(e)(;deg22;) 300 350 400
* Below the critical temperature, pressure of overfill liquid is infinitely large

&<




* How to prevent ARC rupture from hydraulic overfill? Need liquid
density at the highest tested temperature

If critical T (Tc) > 350C, use density at 350C; if critical T < 350C, use
density at Tc-5C.

1936 compounds offer such data in DIPPR, 28% of them will have a
hydraulic overfill ARC bomb with 4gm sample load.

total of 1936 compounds from DIPPR

1200

1000
[Fy]
E 800
3
Qo
(=N
£ 600
Q

(=]
Y

o 400

=
b H 1 B
| m []

<3 3~3.5 3.5~4 4~4.5 4.5~5 =5

max sample load for 9.6¢cc (gm)




* High energy materials: contains high energy function groups or has
exotherm (e.g., by DSC) over 800J/g.

* In Corteva, always perform DSC test prior to ARC. If exotherm(s)
exceed 800 J/g, the sample size should not exceed 1.5-2 g for ARC

test.
Ruptured ARC test ID High energy materials Heat by DSC (J/9)
TX-2007-001694.001 contains Triperoxide group -1415
TX-110822-000016-04 contains Nitro group -1765
MD-120605-000010-02 contains Nitro group -2335
MD-120605-000010-03 contains Nitro group -2335
190117-001-02 DMSO + NaH -1230
200316-001-01 90% tert-butyl nitrite -1529




» 200316-001-01: 90% tert-butyl nitrite

103500 mg 50% tert-butyl niite 30:3'?0: 10
N2, Capilary, 0 10 400°C, 10°C/ min NG H 3(_-.
Indium Check Fassed 3-30-2020 O / O
7. Lopez 3312020 e e
i
H3C o
2 3
H
a
Eow
H
3
£ ARC PRESSURE & T vs. TIME
¥
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_‘-\-\.__\_\_'_“_._'_'_
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i B 8 W 0 0
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* High energy function group

Function groups structures Range of decomposition energies
(kJ/mol)
Alkenes, Dienes, Vinyl esters, Acrylates -C=C- 50~90
Alkynes, Acetylenes, Metal acetylides, -C=C- 120~170
Haloacetylene derivatives
Epoxides, Aziridine, Diazirines A 70~150
Peroxides, Hydroperoxides, Peracides -C-00-R 230™~360
Organic sulfoxides R2-5=0 40~70
Organic sulfonyl chlorides -so2cl 50~70
Hydrazines -NHNH- 70~90
Diazo, diazonium -N=N-, -N=N* 100~180
Azides -N3 200~240
Oxime -C=NOH 110~140
N-oxides R2N:O 100~130
Nitroso R-N=0, 150~290
Cyanates, Isocyanates, Thiocyanates -0-C=N, -N=C=0, -5-C=N 50™~75
Nitro, N-nitro R-NO2, R2-N-NO2 310~430
Acyl nitrates, Acyl nitrites -C-0-N0O2, -C-0-N=0 400~480
N-halogen compounds, Hypohalites, -N-X, -0-X -
N-metal derivatives, Metal peroxides, Metal | -N-M, -O-O-M, MC=N—0, MH, MR, -
fulminates, Hydrides, Metal organics

1. http://storage.dow.com.edgesuite.net/safety-dow-com/External-SOC-Form_v060612.pdf
2. Organic Process Research & Development 2002, 6, 877-883
3. Bretherick's Handbook of Reactive Chemical Hazards, 2017

agriscience
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* 1, General applications of ARC in Corteva Reactive Chemicals (RC)
« 2, Adiabatic limit

3, Pressure tubing and condensation

« 4, Sample loading size

* 5, Bomb rupture

* 6, Bomb compatibility

 /, Low onset exotherm




» Corteva DSC sample container: glass capillary or gold-plated crucible

 Typical ARC bombs are made of metals/alloys, which could react with
chemicals. Sometimes it corrodes badly enough to fail.

ARC bomb
Ruptured ARC test ID material
TX-080722-000019.001 |Sample contains 6%HCI and 10.5%water Ti
TX-080804-000017.004 |Sample contains 6.69 wt% HCl and 45.06 wt% H20 Ti
210325-001-01 Sample contains HCI S.S

Reaction of titanium with acids

Titanium does not react with most acids, under normal conditions. It will react with hot hydrechloric acid, and it reacts with HF,
forming Ti(lll) complexes and hydrogen gas, H,.

2 Ti(s)+ 12 HCl(aq) _L .2 'I_I[Glﬁ]a_{aq] + 3 Hy(g) + 6 H (ag)
2 Ti(s) + 12 HF (ag) ——= 2 [TiF >~ (aq) + 3 H,(0) + 6 H™ (aq)

https://pilgaardelements.com/Titanium/Reactions.htm

&<




* |t can also result in a FALSE Exotherm or False gas generation

1000 10000 ¢
- 45,07 g 25% H2504 in Titanium ARC bomb . -+ 507 g 25% H2504 n Titanium ARC bomb
10p | 4453885%H2504in Hastelloy C-276 ARC bomb * - © 4.453 g 85% H2504 in Hastelloy C-276 ARCbomb » |
€ 1000 -
E10 . 2 :
¢ s
Q =
g g
= 1 - x
o 100 +— .
T C
0.1 - . . ﬂ
]
0.01 + + + +  p— +——+ .'+=:::+:::4+::::+::::+‘.:4: 10 + + + + } + + + b fe—————f———i—+ e
0 50 100 150 200 250 300350 0 50 100 150 200 250 300350
Temperature (-1/K) Labeled as °C Temperature (-1/K) Labeled as °C
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 Tantalum bomb can be used to reduce such false exotherm

&<

Heat Rate (C/min)

10

0.01

e 190910-001-01 (Chemical A + 85% H2S04 in Tantalum ARC bomb)
\
¢ 190121-001-02 (Chemical A + 85% H2504 in HC ARC bomb) “
]
[ ]
]
\0
L]
1 4
[ ]
[ ]
: {
Desired ®
) ’1 .
reaction o
o 1}
]
50 100 150 200 250 300 350

Temperature (-1/K) Labeled as °C

Chemical A: a chlorinated
compound, which likely
accelerates the HC+H2S0O4
reaction above 170C




Corteva ARC Bomb Chemical
Compatibility Chart

» Corteva ARC bomb compatibility chart:
N: Incompatible (Do NOT use);

304 Stainless Steel
316 Stainless Stee|

Tantalum
Hastalloy-C
Titanium

Non-oxidizing Mineral Acids

1: highly recommmended, Organic Acids
5: not recommended. Aiohait Amnes

Alkanol Amines
Aromatic Amines

» Default ARC bomb: Hastalloy-C (1 S Aniics

. 1/ Acrylic and Methacrylic Acids
d lam ete r's p h ere ) A‘ tu be ) ) Epoxides (Alkylene Oxides)
FH-2 Aldehyde, Ketones

” 14,500 20.8 Alcohols, Glycols

(HC) 0.035 Phenols, Cresols

Aromatic Hydrocarbons

Miscellaneous Hydrocarbon Mixtures

Esters

Halogenated Hydrocarbons

Ethers

Nitro Compounds

Miscellaneous Water Solutions

Polymerizable Monomers & Olefins

Motes: 1 - highly recommmended; 5 - not
/@ c recommended: N - Incompatible

IIIIIIII
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A. If a sample has an exotherm detected by ARC with onset
temperature below 100C (typically slow degrading sample), always
watch the sample degradation during shipping and storage. Try to
use a fresh prepared sample for ARC test.

Self Heat Rate /(2C/min

100

=
o

©
-

0.015

ZARC_L

Kinetic 1 | Kinetic2 | Kinetic 3
Heat of reaction (dH) /(J/g) 296.69 296.69 296.69
Activation energy (Ea) /(kJ/mole) | 128.61 180 80
Ln(A) 33.434 51.434 16.434
Reaction order (n) 1 1 1

===Kin

Temperature /2C

100%

Degradation at 40C

Potentially significant degradation
during shipping and storage

80%

60%

40%

Conversion at 40C

20%

10

15

Time (days)

20 25 30




« Example: an ARC data from other testing lab. Only -46 J/g energy
measured by their ARC (1/8” pressure tubing setup). Based on this
data, it was believed the risk of reactivity hazard is low.

1 -

0.1 -+

Exo | Onset |Peak T| End T | Heat
T[°C] | [°C] [°C] | [J/g] o
#1 70.2 75.2 81.2 46 B0199 (12% Chemical B in Methanol, 4.01g)

Corteva SME challenged them: onset T
IS so low, the sample is not freshly
made, the tested sample could already
degrade before the test.

Heat Rate (C/min)

0.01

0 50 100 150 200 250 300 350

Temperature (-1/K) Labeled as °C




* Retest with a fresh prepared sample in our lab.

* New data leads to the study of worst-case scenario (20%
methanol). =» we are glad that we didn’t miss this ©

Heat Rate (C/min)

1

01

0.01

4 B0199 (12% Chemical B in Methanol, 4.01g)

* 200205-001-05 (12% Chemical B in methanol, 4.01g)

50 100 150 200 250 300 350

Temperature (-1/K) Labeled as °C

Heat Rate (C/min)

100 -

10

0.1

0.01

[ ]
® L ]
® [ ]
A B0199 (12% Ch:!nicaIBin Methanol, 4.01g)
@

e 200205-001-05 (12% Chemical B in‘nethanol, 4.01g)

® 200205-004-06 (80% Chemical B in Methanol, 2.59g)

>-1774J/g

¢t ot

I N W W T

50 100 150 200 250 300 350
Temperature (-1/K) Labeled as °C




B. If a sample reacts at ambient temperature (typically reacting after
combine), always try to run shot-add ARC with manually started EXO

mode (manually force the ARC instrument into EXO mode, and then
shot in to combine chemicals).

Example: for the same sample, Corteva ARC onset at 36C, 3-party
ARC onset at 58C.

4.5 a0
4 - 80
——HR Exo
3eq, shot-add ARC (no  36.2  0.24 -93 = > Mode(HSW) | oo h 70
il i _ E Sample Tem : 60
mixing) Phi=3.27 (vs. -96.3) “‘E 3 P P (10min
= 25 50
max SHAR 5.6 T wait [3Dm|n}/ —
.y i = 2 40 +
_ 745 | 250 | 520 min, max. © _
Eresh nt ARC in HC, air, pressure rate 1.7 f % 15 30
e o stirring | Phi=1.717 bar/min § '
X 150.1 ] 1%0.1 | -15.8 1 20
Exe | 16505 |2184| 2445 | -z887
0.5 10
0

time (min)




* General guidance

» Make sure your instruments give you reliable data
Adiabatic limit;
Pressure tubing and condensation;
Sample loading size;
Bomb rupture;
Bomb compatibility;
Low onset exotherm

» Avoid to rely on a single data point to tell the reactivity hazard
» Always investigate the cause of data inconsistency

» If possible, try to get consistent data from different instruments
e.g., ARC + DSC:




* Thank you for your time.

« Happy to answer any question!!!

* Acknowledgement: Corteva RC team, Dow RC team.




	Practical Use of ARC Analysis for Thermal Stability Evaluation in Corteva
	Min Sheng, Ph.D., P.E.
	Slide Number 3
	Agenda
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	1, General Application of ARC in Corteva RC
	Agenda
	2. Adiabatic Limit of ARC
	2. Adiabatic Limit of ARC
	Agenda
	3, Pressure tubing and condensation
	3, Pressure tubing and condensation
	3, Pressure tubing and condensation
	3, Pressure tubing and condensation
	3, Pressure tubing and condensation
	3, Pressure tubing and condensation
	3, Pressure tubing and condensation
	Agenda
	4, Sample size
	4, Sample size
	4, Sample size
	Agenda
	5, ARC Bomb Rupture
	5, Bomb rupture
	5, Bomb rupture: hydraulic overfill
	5, Bomb rupture: hydraulic overfill
	5, Bomb rupture: high energy materials
	5, Bomb rupture: high energy materials
	5, Bomb rupture: high energy materials
	Agenda
	6, Bomb compatibility
	6, Bomb compatibility
	6, Bomb compatibility
	6, Bomb compatibility
	Agenda
	7, Low onset exotherm 
	7, Low onset exotherm 
	7, Low onset exotherm 
	7, Low onset exotherm 
	Conclusion
	Slide Number 53

