_-nD-A135 546 AN INYESTIGATION OF THE THERHODEGRHDRTION OF RBLHTIVE
ORGANIC SILICON RESIN(U)> FOREIGN TECHNOLOGY DIV
WRIGHT-PATTERSON AFB OH MW J SUN 18 NOV 82

UNCLASSIFIED FTD-ID(RS)T-1418-83 F/G 11/9 -




e v

e 7 A T 3 L h e A IR 8 PSS @uﬁiﬁ.ﬁ»ﬂyﬂdﬁw ) DMCH ..?.L. 2 v AT 4 32, 7, 3 7y A]
d X >

L EEF
ddaa o

EEEFEIITY

EEE

T e

-—

1
a4 ' —
]

L

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A
TN




FTD-ID(RS)T-1410-83

{

FOREIGN TECHNOLOGY DIVISION

AV 4125 s¥YE

AN INVESTIGATION OF THE THERMODEGRADATION
OF ABLATIVE ORGANIC SILICON RESIN

by

Sun.-Wei Jun

Approved for public release;
distribution unlimited.

DT FILE COPY




SR G R R AR mmmm:’:mm:hﬁw;mmimr.uﬁ

FTD -1D(RS)T-1410-83

ft—t mamea

'ii EDITED TRANSLATION

FTD-ID(RS)T-1410-83 10 November 1983 -

n e ERRA
»

i MICROFICHE NR: FTD-83-C-001378

AN INVESTIGATION OF THE THERMODEGRADATION OF
ABLATIVE ORGANIC SILICON RESIN A

A

2

i

1

ey o

By: Sun Wei Jun VV' 3
English pages: 24

Source: Binggong Xuebao, Vol. 3, Nr. 3,
August 1981, pp. 1-10

Country of origin: China
Translated by: SCITRAN
F33657-81-D-..63
Requester: FTD/SDBS
Approved for public release; distribution unlimited.

chiba

THIS TRANSLATION IS A RENDITION OF THE ORIGI-
R NAL POREIGN TEXT WITHOUT ANY ANALYTICAL OR

~ R EDITORIAL COMMENT, STATEMENTS OR THEORIES PREPARED BY:
o ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE

. AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION

] OR OPINION OF THE POREIGN TECHNOLOGY DI FOREIGN TECHNOLOGY DIVISION

VISION, WP.AFB, OHIO.

FTD -1D(RS)T-1410-83 ' Date 10 Nov ]9 83

v . . 1 . " 9 - ) - - ‘-v)a‘ -,,.;-‘ ~7 ~.“A ~ --'1-_. - -



Wit e Sk WA AMTEL B AT IR A TN RN EYEN SR 8 »

e e
R

.
3

GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged into this
translation were extracted from the best quality copy available.

RN

- *x ;r -w, P R e n TR N NS e Y.~ A VR Sl W T N KR S
NI NN NN AN N E) AN R N A VIR LN N



s e Dl i S R i 2 0 2, SER ey T i e I ‘i NN SVSL IR, -7 1P IR S S IR A (’I‘T

An Investigation of the Thermodegradation of Ablative Organic
Silicon Resin*

Sun Wei Jun

[ABSTRACf] The GS-401 resin is a kind of high performance
ablatiye material with_an excellent thermal stability, a low
weight loss under heat and with a high char yield ratio.
We hﬁve applied the TG, DTA and IR methods to examine

the reaction of thermodegradation of the GS-401 ablative
organic silicon res{n. The results of oﬁr experiments show that
the thermodegradatidn reaction of this kind of resin can be
divided into séveral stages; the apparent agtivatibn energy
as well as the order of reaction associated with each stage
are different from those associated with other stages. Throughout
the entire thermodegradation process, the methyl is always more
stable than the benzol.
I, Introduéfion ‘

.In the past, we have already reported the results of
our experiments concerning the high performance organic silicon
ablative thermal insulation materials., The synthesized GS-401
ablative organic silicon resin has many characteristics,
sugh a3 & high char yield ratio, a smooth and hard char layer,
a good resistance against~high pressure, a good resistance against

#Received 1/22/81
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high speed gas flow scouring, a good ablative thermal insulation
property, a relatively low solidification temperature , can be
dissolved in alcohol, can be firmly attached to base materials

e
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r e and requires only simple installation technology. It has overcome

| many deficlencies associated with the common organic silicon

& % resin, such as the apparent plasticity under high temperature,
low char yield ratio, loose structure of the char layer and poor
resistance against scouring. With its superior characteristiecs,
we can now apply this resin for the purpose of ablative thermal

B insulation under the conditions of high heat flow and high

B velocity shear. This is clearly an advancement from the situation

in the past when organic silicon resin was only applied as an

ablative thermal insulation material under the conditions of low

§ heat flow and low velocity shear,

el S Y
Rl ey

In order to explore the relationship between the ablative
property of the organic silicon resin and the reaction of
thermodegradation under high temperature, we have examined the
thormodegradatioﬁ reaction associated'with the GS-40l1 organic

sl
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silicon resin. A substantial amount of work has been conducted

in the past concerning the dynamics of the thermodegradation
reaction of the organic silicon and numerous reports were made

3f1 such as those involving the silicon rubbertl"bl the ladder-shaped
| comboundsfs"ql the tri-functional organic siliconl7]and the

R - metallic organic silicon oxYalkane[al K.A. Anprianov et al

have examined the thermodegradation reaction of pure methyl silicon
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- resin with functional degrees of 2.5r~3.5(9. There are, however,

relatively few reported investigations concerning the more
complicated thermodegradation reaction involving the methylbenzol
organic silicon resin., There has also been no report concerning
the research of the thermodegradation reaction of the ablative
organic silicon resin.

We have applied the method of interrupted procedural
temperature increase to measure the thermal weight loss and
hence obtained the TG curve., We then applied the improved
Preeman-Carroll differential-difference methodf1%)to obtain the
dynamic parameters., We have also measured the char yield-ratio
and analyzed the process of the thermodegradation reaction by
using the differential thermal analysis and the infra red spectrum.
The results obtained from these three methods are consistent with
each other. The experimental results indicate the following
characteristics associated with the thermodegradation reaction
of the GS-401 organic silicon resin: the thermal stability of
methyl is higher than that of the benzol, the thermal stability
of the main chain is high and the char yleld ratio is high. Tﬁese
characteristics show that GS-401 resin has relatively good ablative

properties.

II. BExperiment Section
MATERIAL The material used here is the GS-401 ablative
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org_anic_ silicon resin. Its general equatj.qn is:

(McS:O;..J.(MengOJo(pthO...J.Cpb $i0l«

It was obtained from organic chlorine silicon alkane
through hydrolysis and aggregation, Its properties are listed in
Table 1.
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Table 1. The properties of the GS-401 organic silicon resin.
1. property 2, exterior appearance 3. viscosity (s)
( 80% methylbenzene solution, 201 2°C, number 4 viscosity
meter) 4. volatile substance 5. aggregation speed
(200 2%C) (s) 6. index 7. white or light yellow viscous
liquid |

PREPARATION OF SPECIMEN After the resin was solidified,
it was treated for 3 hours at 220°C and then pulverized into
fine particles with size < 80 mesh.

INSTRUMENTS AND METHODS The thermal analysis was conducted
by using the model CFS-II differential thermal analysis meter
(air atmosphere) and the model CDR-1 differential dynamic
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thermal analysis meter (nitrogen atmosphere). The reference
material is a(-A1203 o The rate of increase of temperature during
the differential thermal analysis was 10°C/minute; the recording
speed was 300 mm/hour. The TG curve was constructed. by using
the above mentioned instruments with a rate of temperature
increase equal to 10°C/minute; the weight loss at each point

" was measuréd by using the interruption method. The specimen

used for the measurement all came from the same batch of very

g evenly mixed  specimens, The weight of the specimen used by the

' CPS-II differential thermal analysis meter was 100 mg while

that used by the CDR-1 differential dynamic thermal analysis

e
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meter was 10 mg, Corresponding to each weight loss data point
} and each point in the TG curve, we have also measured the infra-
red spectrum for each of the specimens used in the thermodegradation
experiments. The infra red measurements were conducted by using
the IR-27 infra red spectrophotometer. After the specimen used
in the thermodegradation experiments underwent weight loss, we
then mixed the specimen with dry KBr. We subsequently pulverized
i this mixture, .pressed it into a thin plate and then selected 7.9
4 micro meter and 6.9 micro meter for the computation of the ratio
between the methyl and the benzol which linked with Si.

The general dynamical equation is usually the basis for

L g

examining the thermodegradation reaction of molecules with high
B molecular weight through the TG method. This is to say that

we will be using 'ghe reaction speed equation 1
"-‘ ‘3'; -m Ku® (1)
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and the Arrhenius equation KmAg®'®® (2)
Or we can express them as: -d‘;/d,_ Ae Ty (3)
in order to obtain the parameters n (the order of reaction),
E (the apparent activation energy) and A (factor before the
exponential expression). There has been a series of publications
concerning the computation of these dynamical parameters since
1958, The most important ones are the Freeman-Carroll differential—
difference method[lof-lil the Reich turning point maximum speed
nethod 13, the double 76 curve method(!3] tne Doyle 76 aifferential
equation method (series expansion method) [14] and the improved
Doyle equation proposed by ‘Papkov-Slonimskiy [151 All these
methods have their strong points and their weak points., For
relatively complicated thermodegradation reaction, the thermo-
degradation process can proceed within a relatively wide range
of temﬁeratures and there will exist conditions associated with
different stages (corresponding to different thermodegradation
process), Under these circumstances the application of the
Freeman-Carroll differential-difference method is more appropriate
than the other methods so this particular method was applied
during the present study.

By taking the logafithm of equation (3) and linearizing it
we can obtain 'll(“‘%?")- nigw -—;;%TH;A (&)
Since we have applied the procedual temperature increase method,

the 1/T in equation (4) is a variable. By differentiating with
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: wci.'g_ht of the specimen, It should be w: w= w-we/ws-wc. In this

respect to it, ive can obtain

_du\_ . -_ E /1
d [“( )] *(dig=) __z.s@n__f(_"_?_") (5
After converting equation (5) into the form of a difference

equation, we have
Al;(- )-nAlzw 23R A( +) 6)

When A(1/T) is = constant. we can construct a figure based on
equation (6) with Alg(-dw/dt) corresponding to Algw. From
the slope of this curve we can obtain the order of the reaction
n and from the intercept we can obtain the activation energy E.
It is obvious that the smaller A (1/T) is the more accurate
the result is going to be. Here we set A(t/r)=1x10'5(°x)'1
The reaetion speed -dw/dt of the thermodegradation process
can b» cbtaincd from the f£irst derivative of the original weight
loss curve. This is to say that the reaction speed is the tangentia*

value at each point along the curve.
The concentration of the reactant should not be the total

equation W is the instantaneous weight of the specimen during

the reaction, W, is the weight of the specimen at the end of

the thermodegradation reaction and Wy 4is the weight of the specimen
at the beginning of the thermodegradation reaction.

III Results and Discussion
The thernal waiqht loss curves of the GS-401 organic silicon
resin in the ;.‘ & well as in the nitrogen are shown in P:lgure 1,
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Based on the original weight loss data set, we have obtained
the first order differential quotient and then separately
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obtained the speed of the thermodegradation reaction in the

alr as well as in nitrogen. The degradation of the organic

b,

compound which was chain-linked to the silicon atom was the

main reason for causing the weight loss since this kind of organic

silicon resin will be converted into silicon dioxide, carbon
and other volatile gases after the thermodegradation process.

This is especially true fbr methyl. This is why the
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P

concentration of the reactant is the ultimate weight loss, not

3 the total weight of the specimen. By using the ultimate weight

b loss as the initial concentration of the reactant and by treating

’ the original weight loss curve based on the equation w=w-wc/ws-w ot
L we can obtain the relationship between absolute temperature and
the speed of the thermodegradation reaction and between the

E absolute temperature and the weight loss in the air as well as

,; ] in nitrogen, as shown in Pigure 2 and Figure 3. By setting

" i A (1/’]3_)=1:(10‘5. we can obtain the rela,fionsh.ip between Alg(-dw/d
! an;i Algw from Figure 2 and Figure 3 through equation (6). These

; i curves are also called the dynamical curves and they are shown

;; . in Pigure 5 and Pigure 8. The speed of the thermodegradation

reaction and 1/T has a linear relationship in the air for
temperatures within 282~412°C and 547~727°C. This linear
relationship also exits in nitrogen for temperatures within

» NN

47 ~876°C and 595~679°C. In other words, the order of reaction
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n=0 under these conditions. The dynamical curves are shown
separately in Figures 4,6,7 and 9.

Based on these dynamical curves we have computed the various
orders of the reactions and the activation energies as well as
their corresponding weight loss and speed of the thermodegradation
reaction. These data sets are shown in Table 2. We can see from
the data sets in Table 2 that during the entire thermodegradation
process of the GS-401 resin, the activation energy and the order
of reaction did not remain as just two constant values. Under
different temperature ranges the corresponding activation energy
and the order of the reaction were also different. This proves
that the thermodegradation reaction of the GS-401 resin was
extremely complicated and there existed several reaction precesses
as well as several values of the activation energies over a wide
range of temperatures. We can not apply the method of just.
taking a simple average of the activation energies associated
with various stages to describe such a complicated system and
process, Is is also inappropriate to apply the turning point
maximum speed method.

Prom the results of the IR and DTA analyses (Table 3 and

. Table 4) we can see that even for the same activation energy,
the corresponding thermodegradation reaction was not a simple
basic reaction. It actually represented a mixture of several
reactions. Corresponding to a certain specific activation

energy, the reaction could include the beginning of a certain

i
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degradation reaction, the end of another degradation reaction,
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the peak of yet another reaction and so on. This is why the
activation energy obtained was superficial and stochastic.
The determination of the activation energy is still meaningful,

however, since we can still use its magnitude to judge and evaluate
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Pigure 1. The weight loss curve of the GS-401 resin in the air

and in nitrogen.

. w (mg) 2. in pnitrogen 3. in the air
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Pigure 2. The relationship between temperature and the speed
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of the thermodegradation reaction of the GS-401 resin in the air,

1, dw/dt (mg/minute) 2. w (mg)

i
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Pigure 3. The relationship between temperature and the speed
of the thermodegradation reaction of the GS-401
resin in nitrogen.

1. dw/dt (mg/minute) 2, w (mg)

T

Pigure 4., The dynamical curve representing the degradation
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of the GS-401 resin in the air with a temperature
range of 282~412°C,

’ 0' ..
' = ﬁ?ﬁ?:- 1x10°°
Figure 5. The dYnamical curve .repreanting the degradation of

the GS-401 resin in the air with a temperature range
" of 412 ~496°C,
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Pigure 6. The d&hﬁmical'curve representing'the degradation of
the GS-401 resin in the air with a temperature range

of 547 ~727°C,
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Figure 7. The dynamical curve representing the degradation of
the GS-401 resin in nitrogen with a temperature range
of 3W7~476°C.
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Figure 8. The dynamical curve representing the degradation of

the GS-401 resin in nitrogen with a temperature range
of 412~588%,
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Pigure 9. The dynamical curve representing the degradation of
the GS-401 resin in nitrogen with a temperature range
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Tadble 2. The dynsmical parameters associated with the various
stages during the thermodegradation process of the
GS-401 resin,
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I. air medium 1, parameter 2, temperature 3. order of

the reaction 4, apparent activation energy (Kcal/gmolecule)

5. weight loss 6. speed of the degradation reaction (mg/minute)
II. nitrogen medium 7. parameter 8. temperature 9. order
of the reaction 10. apparent activation energy (Kcal/g molecule)
11, weight loss 12, speed of the degradation reaction (mg/minute)
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Pable 3. Results obtained from conducting the IR spectral analyses
_ on the GS-401 organic silicon resin.

1. “temperature of thermodegradation 2. ratio between methyl

and benzol 3.methyl 4, venzol 5. exterior color of the
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5% i specimen 6, weight loss 7. air 8. nitrogen 9. air

f 10. nitrogen 11, air 12, nitrogen 13, air 14, nitrogen
15. air 16. nitrogen 17. room temperature 18. normal value.i
‘,; 19. normal value’ 20, white 21, white 22, white 23. whitJ
24, light yellow 25. white 26, orange yellow 27. light yelld
1 28, dark, with luster 29. orange yellow 30. dark, with luster
";; '31. dark, with luster  32. dark, with luster  33.." normal
value: a certain specific value which satisfies the regulations

'5 of the technical conditions. 34, -~ represents unable to

Z; compute; = represents no measurement; < represents the existence

of the substance; - represents the vanishing of the substance,
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Table 4, Results obtain from the DTA analyses,

S : »

1. stage of reaction 2, temperature range (°C) and its
g e »

; characteristics 3., air 4, nitrogen 5. the temperature

range for the peak gives both the initial and the final temperature
values 6."" the characteristics of the peak indicate whether
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heat is being absorbed or being released. AH represents heat

release and - AH represents heat absorption.

the thermal stability of the compound. We can see from both the
curve and the data set that the stage which exerted the greatest
influence on the entire thermodegradation process should be the
stage with a relatively large variation in the speed of the
thermodegradation reaction -dw/dt. In the air medium, the
thermodegradation reaction occurring at a temperature range of
300 ~500°C has the greatest influence on the entire thermodegradatior
process, In nitrogen medium, the thermodegradation reaction

occurring at a temperature range of 500"600°C has the greatest

impact on the entire process., This is why it is relati#ely

more appropriate to use tha activation energy associated with

this stage of the thermodegradation reaction (30.08 Kcal/ g molecule
aﬁd 64,06 Kcal/g molecule, respectively) to represent the activation
energy of the entire process. We can see from the data sets in
Table2 that the thermal stability of the GS-401 .organic silicon
resin was higher in nitrogen than in the air. This is due to the
fact that the progression of the thermodegradation reaction was

homor;-.;fhat,thc interior of a .solid rocket propeller is basically
an anoxic environment so the degradation condition in nitrogen

is even closer to the working environment within the rocket

propeller than that in the air. The measured activation energy
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of the GS-40l1 organic silicon resin in nitrogen was 64,06

Kcal/g molecule. This value is higher than the values in the
published literature concerning the activation energy of the
heat resisting organic silicon resin during the thermodegradation

[7] have used the Freeman-Carroll

process, V. A. Chuberov et al
method to treat the TG data set obtained from the tri-functional
benzol methyl organic silicon resin with a general equation of
[35103/21n and they have obtained activation energies of between
12~16 Kcal/g molecule.

We can see from the results of the infrared analysis
(Table 3) that under low temperature ( < 400°C) the Me/ph value
of the resin (the ratio between the methyl and the benzol)
remained basically unchanged and the exterior appearance of the
specimen also remained unchanged. The main reason for the occurrencq
of weight loss during this stage was the release of water from
low molecular weight molecules due to the condensation reaction
of the remaining residual hydroxyl in the resin after the resin
has been solidified. The activation energy of the reaction
associated with this stage was also relatively low (6.46 ~
14.73 Kcal/g molecule in the air, 12.2 Kcal/g molecule in nitrogen).
It is interesting to note that there were three stages in the
air at temperatures below 400°C and their corresponding activation

energies were 6.46, 9.61 and 14.73 Kcal/g molecule so the rate

of energy increase was 50%.
The weight loss of the GS-40O1l organic silicon resin was
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very small under high pressure since it has a relatively high
activation energy for its thermodegradation reaction. The

extreme limiting weight loss in nitrogen was 20% and this

weight loss was contributed almost enfirely by the methyl which
was chain-linked with the silicon atom. This result was far lower
than the amount of thermal weight loss reported in the literature
concerning the various kinds of heat resisting organic silicon
(&l have examined the tri-functional
polybenzol metals (such as Mn, Co and Ni) and they found that

resin. V. A. Markov. et al

the maximum weight loss of the organic silicon oxyalkane was
30~33%., V. A. Chubarov alfflhave examined the tri-functional
joint polymethyl, the polymethylbenzol and the polybenzol
silicon oxyalkane and the weight -loss they found was all higher
than 50%. '

The small weight loss of this kind of resin was linked
to its relatively high char yield ratio. Its char yield ratio
in the air was 81.18% of the ideal value (100% conversion from
benzol to carbon) and this ratio in nitrogen was 93.33%.of the
ideal value. They are all higher than those of the common
organic silicon resin. High char yield ratio is precisely what
we desire for the ablative high molecular weight materials.

The temperature at -which the main chain of the GS-401
resin will be broken is relatively high. By comparing the data
sets from the TG, DTA and IR analyses we found that the main
Si-0-Si chain of the GS-401 resin was broken when the temperature
was above 750°C. In the air there was an obvious heat absorption

peak when the temperature range was between 770 » 780°C,
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Corresponding to this feature, a clear fracture of the main
Si-0-Si chain can also be identified in the infra red spectrum
(Pigure 12).

It is obvious that the main chain of the GS-401 resin
has relatively high thermal stébility and this stability can
be relafed to the thermal stability of the organic substitution
derivative in the side chain, From the characteristic absorption
of the infra red spectra associated with different degradation
temperatures (Figure 10 and Figure 11) as well as the result
of the analysis (Table 3), we found that throughout the entire
thermodegradation process the thermal stability of the methyl
was higher than that of the benzol for this kind of resin. The
temperature ranges used in the analyses were 25~ 940°C in the
air and 25‘~v775°c in nitrogen. As clearly indicated by the
data sets in Table 3 the ratio between methyl and benzol,
measured quantitatively through the infrared spectrum, always
increased with the increase in temperature regardless of whether
th§ medium was the alr or the nitrogen. In other words, the
ratio between the degradation speed of the benzol and the

degradation speed of the methyl increased with the increase in
temperature. During the initial stage of the degradation process,
the variation in the ratio between methyl and benzol was relatively
slow, This variation became very rapid after temperatures
approached 5oo°c; At 5oo°c, the speed of degradation of the benzol
was more than one time faster than that of the methyl. We can
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N also clearly see from the infrared ' spectrum that benzol has

BY - completely disappeared at 600°C while methyl still existed for
é%; temperatures at 750°C (in the air) and 775°C (in nitrogen). The
' final total disappearance of the methyl occurred simultaneously
% | with the fracture of the main Si-0-Si chain.
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, Pigure 10, The infrared spectra of the GS-40l resin in the
g air under different degradation temperatures,
1. degree of light absorption 2, mm~1
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under different degradation temperatures.

1. degree of light absorption 2, mm™t

During the entire thermodegradation process, the methyl
in the silicon was more stable than the benzol. This characteristic
is not exhibited by the common organic silicon resin.

This result shows that the concept which promotes the
fncrease of the benzol content in the organic silicon resin for
the purpose of improving or increasing the thermal stability of
the resin is at least non-universal. Our work has shown that

excessive increase in the benzol content will not help to improve
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the thermal stability of the resin nor will it helpto improve
the ablative thermal insulation property of this resin.

What is meaningful here is that this kind of principle in
the variation of the ratio between methyl and benzol is consistent
with the char yield condition. The time when the specimen began
to convert from an orange yellow color to a dark color was
precisely when benzol vanished from the infra red spectrum and
only a small amount of methyl remained in the air with a temperature
range of 600/‘700°C. This is to say that the key for low thermal
weight loss and high char yield ratio of this kind of resin
lies with the existence of the methyl during the char formation
process. During the thermodegradation-process. the existence and
the relative stability of the methyl makes it more difficult for
the free benzol to form benzene gas and leak out and it is
easier to form carbon by releasing the hydrogen atom.
IV. Concluéion

1. Throughout the entire thermodegradation process of the GS-401

organic silicon resin examined by this paper, the methyl on the
silicon atom exhibited higher thermal stability than the benzol
while the degradation speed of the benzol was faster than that

of the methyl.
2, Considering the above mentioned characteristics, this resin

has high thermal stability, low heat weight loss and high char
yield ratio so it has good ablative property.
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= ' 3. The thermodegradation reaction of the GS-401 resin is
extremely complicated. Under wide temperature ranges the

, degradation reaction will occur in different stages. The
1 corresponding apparent activation energy and order of the

; reaction will also be different associated with each different
‘~ stage.
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Figure 4., The dynamical curve representing the degradation
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