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Qh anslytical method for determiniog the hydroxyl conteat of hydroxyl-containing polymers was
{xproved, optimized and evaluated for fts applicability to a nuaber of hydroxyl-containing materials.
The method involves the reaction of the hydroxyl group with toluenesulfonyl isocyanate and subsequent
acidizetric titrstion of the reaction product in a nonsqueous sclution. The method is rapid,
selective, yields reproducible results, and {3 «widely nm:slicablq}Y
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INTRODUCTION

The accurste analysis of hydrosyl terminsted polybutadiene (HIPB) and other hydroxyl-containing
. daterioiz is a requirement which has becowe incrensingly important in recent years in the aerospace
industry. It is particulsriy significant in the srea of propellaut and liner technology utilizing any e
B of the curreant hydroxyl/isocyanate gystems.

The methods currently used sost freguently for hydroxyl deteraination include acetylation,
phthalation snd reaction with p~tolusacgulfonyl isocysnate (TSNCO). Acetylation and phthalation have
. been used {or a nuaber of years and irgve been fairly well-characterized. The TSNCO method, while
faster and inherently more elegant, is relstively new and lacks a brosd data base. The TSNCO method
shows a great desl of promise, however, {n that it is also more selective, more widely applicable, and
capable of yielding better precision. Ir addition, the chemicel reactions involved in the method
closely spproximate those of HIPB-{socyanste propellant systems,

The following report details = study vhich was undertaken tc evaluate the TSNCO method on the
bagis of present experience gud to improve and optimize the method where possible. In addition, the
utilizetior of a recently purchased state—of-the-srt automatic titration system was evaluated with
respect to improving the sccuracy and precision of the TSNCO method.

OBJECTIVE
1. Evaluate the follcwing paraseteres fin the TSNCO mathod for hydroxyl analysis:
a, Blank Determination

b. Use of Catalyst
¢c. Reagent Stability

2. Incorporate the use of a8 recenzly purchased cutomsted titrstion system in the determinstion
of hydroxyl dy TSNCO, with the aim of improving precisfon and extending the applicability of

~ the method to ¢ variety of materisis. o]
o SUMMARY re
l ;.:\
- 1. Several significant {mproveaents were made in the methodology of the TSNCO analysis: ;'_-..\
& By
i a. In the cocurse of the ipveati{gation, it was found that ths use of a catalyst, which was >~
N previously assumed to be necessary to insure the quantitative reaction of TSNCO with :—«1
- HTPB, may apparently be eliainated altogether. This simplifies the method considerably, W
-, and removes one of the priaary concerns with respect to varfability. .:;!
. b, State—of-the-art titraiion equipment eliminates the requirement to spike samples and -:-:-1

blenks with an equsl smount of a known hydroxyl cowpound. This was previously necessary :.',:,‘

because it is extremely difficult to visually resolve the two bruaks in the blank * 3

titration curve when the spiking technique is not utilized. ine sviiivy' 45 wmodern
automatic titrators to electronically resolve the blank titration curve permits the
elimination of the spiking procedure, thereby simplifying the method considerably ana
removing another potential source cf variability.

¢c. Statg-of-the-art titraticn equipment yields improved precision because it results in
more consistent endpoint interpretction, eliminating the variability introduced by
individual opetators in manually reducing the titration curve. Also, the new titrator
extends the applicadbility of the TSNCO method to msterials which yleld mich poorer

titration curves then EIPE, eince the instrument is capable of accurately resolving .
fairly poor bresks which would be extresmely difficult to interpret manually. .:_'.:
R
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2, The stability of the TSNCO reagent was evaluated by observing the changes in a blank
titration as a function of time and correlating thelle changes to the appearance of chemical
specles as predicted by the chemistry of the system., In addition, a method was devised to
directly follow the isocyanase concentration of the reagent with time. It was found that the
reagent is stable for approximately one week at ambient temperature in a closed container and
for at least a month if kept refrigerated.

The tetrabutylammonium hydroxide titrant is reasonably stable for approximately one week at
ambient conditions. After this time, some discoloration is usually observed. This solution
is also stable for longer periods of time if kept refrigerated.

CONCLUSIONS AND RECOMMENDATIONS

The revised TSNCO method generated by this investigation 1s simpler and less operator sensitive
than the original procedure and appears to be generally applicable to nearly every type of hydroxyl-
containing material encountered in this laboratory. It also yields excellent precision, with = one~
sigma standard deviation of 0.00013 equivalents per 100 g for R-45M polymer. Since the accurate
determination of hydroxyl content has traditfonally been a problem area for HTPB and related materials,
the revised TSNCO method holds a great deal of promise in the analysis of R-45M and other hydroxyl
containing polymers used in the aerospace industry.

EQUIPMENT

A Figher Titrimeter I1 AEP automatic titrator was used to record the potentiometric titration
curves and automatically determine the equivalence points. All chemicals were reagent grade and were .

used without further purification. :Qtd
P".

METHOD 5_-_%

The TSNCO method for the determination of hydroxyl content of HTPB and related materials dezends :-_ :4

on the reaction of the TSHCO with the hydroxyl-containing speciees to form a sulfonyl carbamate. f€£

&

CH; <0)- 50,NCO + ROH —> CH, 0)- 50, MICOrR S

The sulfonyl carbamate 1s slightly acidic and can be titrated as an acid in certain nonaqueous
.media. The unreacted TSNCO is hydrolyzed with an excess of water, ylelding p-toluenesulfonamide.

Cli ; (0)- S0,NCO + H,0 —> CH,~0)-50,MHCO0H —> CH, {(0)- S0, M, + CO,
The sample disgolution, reaction and titration are carried out {an tetrahydrofuran (THF)., The

reagent is a 0.2 N solution of TSNCO in THF, and the titrant is a2 standardized 0.1 N soluticn of
tetrabutylammonium hydroxide (TBAH) in isopropanol. The titration is performed potentiumetrically

using a recording titrator with a combination glass electrode. g
The titration curve obtained in this manner contains two distinct equivalence points. Figure 1 é}{
shows a typical sample titration curve for the analysis of R-45M by TSNCO. The first break is due to N
the presence of a small amount of a substituted biuret formed from the reaction of the sulfonamide with Sev
excess TSNCO: ..
1. CH,y {0) S0,8C0 + H,0 —> i, {0)- 50,MiCO0H —> Gi, {0)- SO, M, + 00, e

TSNCO Sulfonamide

2. CHy<0)- SO,NH, + CH,<0) 50,Nc0 —> cu,<(0)-50, M § - s0, {0)- ¢4,
Sulfcnanide TSNCO Substituted Urea

"
+ TSNCO——> CH, {0)- S0,M1 C N C Mt 0, {O) CH,

Substituted Biuret

The mecond break corresponds to the neutralization of the sulfonyl carbamate. The titrastion
volume ropresented by the difference between the two breaks is a measure of rhe hydroxyl
concentration.

A third equivalence point, found at a significantly larger titration valume, corresponds to the
neut._.ization of the sulfonamide. P-toluenesulfonamide is slightly scidic under these conditions, and
titrates as a weak monoprotic acid. This equivalence point has been largely ignored, since it does not
enter into the calculation of hydroxyl content.
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TECHNICAL DISCUSSION ‘;.:
‘h.
1. Blank Determination '0::
One problem inherent in the TSNCO method involves the fact that the two breaks {n the blank
titration curve are sufficiently close together that visual resolution 18 extremely difficult {see
Fig. 2). The blank titration volume cannot be ignored, however, since it is usually significant,
Furthermore, the blank varies as a function of the vendor and lot number o. TSNCO used, the age of the
TSNCO solution, ete. The problem of determining the blank titration velume was originally resolved by
adding a known amount of butanol to both sample and blank solutions. This spiking technique results ia
a sufficlently large separation of the two breaks in the blark titration curve that visual resolution
is possible; the sample titration volume is then increased by exactly the same amcunt. While an DY
accurate blank correction can be made in this manner, it represents an additional, source of variability :-;:—-
in tevis of pipetting error, etc., as well as adding to the complexity of the method. ".-:
R
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Figure 1. Sample Titration Curve. Figure 2. Blank Titration Curve. * ..~:"J
r'.‘;‘
The use of s new sutomatic endpoint-seeking titrator has several potentially significant '. '_'
implications with respect to the TSNCO method. The instrument, a Fisher Titrimeter II AEP system, is L'

capable of electronically determining the equivalence point of a titratfon, thereby eliminating the {
requirement to manually reduce & potentiometric titration curve. Figure 2 shows s typical blank =

ot ]
’
¢

- titrstion curve for a TSNCO analysis in which no butanol has been added. The actual blank volume in : \.g
a this case (EP2-EP1) {s approximately O.i wl. While it is apparent that a visual resolution of this N
.3 curve is difficult at best, the Fisher Titrimeter has no difficulty resolving both equivalence points :.-‘.;g

fa0 b,

at this degree of separation. In fact, resolutioa with as little as 0.02 ml difference was routinely

hieved. The use of » state-of-the-art sutomatic titrator therefore obviates the necessity of spiking
the blank snd samples with butenol, thereby greatly simplifying the method and eliminating a potential
scurce of variatility. .
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2. Use of Cutalyst

oy

In the TSNCO method as it was previously written, the hydroxyl is reacted with isocyanste in the s':-.:

presence of a small amount of DBTDA catal et. In practice, the sample solution is approximately 0.1 uM =\

with respect to DBTDA. During the course of an interlaboratory evaluation of the method, several labe ".'1‘4

reported problese with certain lots of D3IDA. A catalyst evaluation was therefore undertaken to a3

- deteraine the effect, if any, of varying sasples snd lots of DBTDA reagent. In addition, it was ..:J
. decided to investigate slternative catalysts, notably triphenylbissuth (TPB). TPB was chosen because .::,%
. of its widespread v Tuvrreat propellant systess. "o
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The results of the catalyet evaluation showed that a slight difference does exi{st between varying et
samples of DBIDA, The main difference i{nvolves che blank titration curve (Pig. 2). Certain lots of ~:
DBTDA cause a deterioration of the sharpness of the breaks in the blank curve to the extent that N

resolution of two sepavate equivalence poiats is no longer possible, This necessitates the spiking of
blank and sample with s coantrolled quantity of alcohol to achieve resolution; the considerable
advantage gained by using atate—cf-the-art titrstion equipment (see preceding section) is therefore

Ay
»

negated. The detrinental effect of certain lots of DBTDA un the ctitration curve is probably due to s::-
reagent purity and/or degradation, since DRTDA can be purchased only as a technical grade asterial. -
However, no significant difference in the actual hydroxyl value obtained for a given lot of R-45M with ti'.
differing samples was observed. =,

é{

TPB was then evaluated as an alternative catalyst. It was found that TPB, at a 0.1 aM
concentration, does not adversely affect the blank titration i{n any way. Excellent results were
obtained using the Fischer Titvimeter without resorting to the spiking technique when TPB was utilized
as the catalyst. 1I: wan noted, however, that THP solutions of TPB are not stable for long periods of

time, a8 evidenced by the fcrastion of a precipitate after a few days of standing at ambient
conditions.
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During the course of the {avestigation, a seriss of sauples of R-45M were run without the use of a
catalyst for comparstive purposes. Somewhat surprisingly, it was noted that the R-45M samples run in
the absence of any catalyst gave the same results as those obtained using either DBTDA or TPB. Table 1

T
1.

summarizes the results for two lots of R-45M tested. This apparently contradicts the previously held ‘1
assunption that a catalyst is required tc insure quantitative reaction of the hydroxyl group with 3
TSNCO. A nunber of other hydroxyl coataining polymers were subsequently tested using the TSNCO method .:-‘,;
in the absence of any cstalyst. Each of these samples wae then snslyzed by acetylation to provide a AR
basis for comparison. Ia all cases, excellent agreement was obtained .between the two methods. This ,\:,‘
indicates that, for all of the types of hydroxyl-containing polymers evaluated to this point, the use
of a catalyst is epparenily wunnecesssry. .t__.q‘
S
S
TABLE II. HYDROXYL BY TSNCO ON VARYING R-45M SAMPLES :':7:3
':'.d‘
Sompies Hygroxyl (sq/100g) ol
6369 0001 00784
TABLE 1. CATALYST STUDY, R-45M 6369.0008 0078 |
6360 0009 09767 -::'-}
6363 0010 00762 O
Lot 6369 0009, 1% AO 2246 6389.0012 00799 s
Catalyst Hydroxyl (6a/100 g)** i:?:%o:?o‘sazas g_g;:; \"_\:
. ARCO 211125 00798 St
o804 00767 APCO 303065 00769 IARS
e 00768 ARCO 299285 00789 el
63690007, 2% AO 2246 00790 e
NONE 00768 6369-0007, Vanox 13 00790
6369-0007, Flexzone 6H g gg;g i
~TETEM souticn 63890012, Degraded s
**Average of 3 determuinations 2:2;%?3 :: :g g g:gg .-_°'.“
210285, 3 days ot 135°F 00799 ~
63690007, Aged at 135°F 00776
6369-0008, With mad steel 00767

In order to further evaluate the revised TSNCO method as it applies to R-45M, a large number of
samples of R-454 were collected from various sources throughout the laboratory and analyzed using the
new procedure with the Fisher Titrimeter. No catalyst was used in any of these analyses. Samples
included old lots of polymer, thermally degraded samples, AO-free materials, ssmples containing X
different types of AO, etc. Results are given in Table II. No problems were encountered with any of
these varying samples, and precision was excellent in all cases. In addition, the possidle effect of
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varying reactivity of the TSNCO reagent was checked by analyzing a given lot of R-45M (6369-0009) using )
each of the four different bottles of TSNCO which could be found in the lab at the present time. The, N
results, as shown in Table III, indicate that all four lots of TSNCO reagent yield essentially e
identical data. —
Several of the principal test parameters were evaluated in an effort to optimize these conditions )
with respect to the revised TSNCO method. Chief among the parameters evalusted were reaction time and .f:
sample size. R-45M was found to react quantitatively with TSNCO, in the absence of a catalyst, in less -:,‘1
than 2 minutes. Tais was th2 minimum time in which reagents could be added, mixed, and the analysis ‘.o:',
initisted. Por practical purposes, therefore, the reaction appears to be essentially instantaneous. :J',:q

In order to allow a large margin of safety, however, s reaciion time of 3 to 5 minutes was epecified in -
the procedure. Sample size was varied from 0.3 to i.5 grams. At the lover values, very sharp bresks o
are obtained {n the titration curve, but the volurz of titrant added is sufficiently small that the A
(SN
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resultant relative error is large. Conversely, large samples yield satisfactory titration volumes at
the expense of endpoint sharpness. Using “he Fisher Titrimeter, a nominal sample size of approximately
1.0 g of R-45M constitutes an acceptabie compromise.

T
L ]
]

In order to evaluate the precision of the revised TSNCO method, repetitive determinutions were
made on a sample of R-45M (Lot 6369~0009)., Results, shown in Table IV, yield a one-sigma standard
deviation of 0,00013 eq/100 g, or a relative standard deviation (RSD) of 0.17%. This compares to a
one-sigma value of 0.00030 eq/100 g for the TSNCO method as previously written.

3. Reagent Stability

TSNCO REAGENT

In evaluating the stability of the TSNCO reagent (0.2 N golution of TSNCO in THF), two separate
approaches were taken. In the first, reagent solutions were prepared from both a new and an old bottle
of TSNCO. A portion of each of these two solutions was then kept in & sealed flask at ambient
temperature, while the remainder was refrigerated in a sealed flask. A blank determination was run on
each of these four reagenz solutions at various time intervals over a one month period. Table V gives

by
TABLE {V. PRECISION STUDY ~
o
[
R-45M, LOT 8363 0009, 1% AO-2246 >
RUN NO HYDROXYL 14a/100g) _‘.-:11
TABLE lll. TSNCO REAGENT STUDY ! 00768 o
2 00766 ),;._.1
R-45M, Lot 6369 0009. 1% AO 2246 3 00766 = ;‘
TSNCO Lot Hydroxyl {eqf100 g}° . 00768 ey
D
Aldnich 26270, 2
A 00766 5 00767 : i
Audnch 2627, 6 00787 i
New 00767 Y
Aldrich 28140H 00768 7 00769 N
Kodsk 711 1U 06767 e
oo 8 00785 by
TAvetage of 3 determinations 9 00766 <
10 00768 e
g

1 00765 o

12 00766 3
AVE = 00767 ol
G - 000013 o
RSD + 017% Y

the values for EPl, EP2 and the blank value (EP2-EP1) for each of these solutions as a furnction of
time. The table shows that the ambient data are fairly consistent for approximately one week, after
which the value of EPl increases, indicating the probable decomposition of TSNCO via the urea/bluret
reaction. The actual blank value (EP2-EPl) is alsn seen to increase somewhat at this time. For the
refrigerated solutions, however, the data in Table I show virtually no change over a one month period.
The data indicate little if any difference between solutions prepared from old and new lots of TSNCO
under the same conditions. This experiment was then repeated for a TSNCO solution which was left in an
open volumetric flask at ambient temperatures. The data, as given in Table VI, show a marted ircrease
in the value of EPl after one day, indicating ¢ rapid decomposition of TSNCO under these conditions. ~—

3
b

TABLE V. REAGENT STABILITY TITRATION VOLUME (mi} VS TIME

o x s eta

Ambeent Retr ated
—TEISO . New TSRO "G—Tm'o—w—m

Tme  UPT-O7 Bam @7 BT Bum TR Wam 7 TP Ban TABLE VI. REAGENT STABILITY, OPEN FLASK P
OHours 118 124 008 3111 119 008 114 122 008 111 119 008

4Mours 116 124 008 125133 008 120 128 008 119 127 008 Time l_““"‘m‘i""'"“"lﬁ :E::
12Hows 136 149 013 134 147 013 125 136 011 138 148 010 0 hours oas 047 002 5&.{;
1Day 144 160 016 168 174 016 132 145 013 140 153 013 + Hours 070 075 005 e
20ays 140 1,55 015 151 166 015 142 158 012 147 159 012 1\ Doy ' 82 ve2 010 g{:
4Dsys 137 152 015 150 165 015 144 157 013 138 160 012 <O 738 744 010 A

€ Davs 147 153 016 162 182 020 136 15 014 136 150 o114
120ays 305 332 027 266 292 026 157 144 013 120 134 014
18Days 409 439 030 312 342 030 128 142 014 120 134 014
00sys 775 811 036 581 613 032 132 147 015 113 129 015

7 Davs 1192 12C4 012

| b
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In addition to this approach, the actual fsocyanate content of a TSHCO reagent solution under
each of the above three conditions (ambient sealed, refrigerated sealed and ambient open to atmosphere)
was monitored as a function of time. The isocyanate content was determined by treating an aliquot of
the reagent solution with an excess of dibutylamine and back titrating potentiometrically with a
standardized hydrochloric acid solution. The isocyanrate content was then calculated as a percent of
the original concentration, The results, as shown in Fig. 3, confirm the previous data in all three
cases. A 0.2 N solution of TSNCO in THF appears to be stable for at least one month if sealed and
refrigerated, for one week sealed at ambient, and for a maximum of one day if left open to the
atmosphere at ambient conditionms.
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Figure 3. Reagent Stability vs. Time.
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TBAH TITRANT

Much mote information is available regarding the stability of TBAH solutions than for TSNCO
golutions. A O.1 N solution in isopropanol is known to decompose slowly at ambient temperature; this
is visually evident in the form of a yellow discoloration which forms after approximately 3 tov 4 days.
The titrant was ‘ound to maintain a fairly stahle concentration even eftor the appearance of the yellow
color, however. Vevertheless, it 1is recommended that a 0.1 N solution of TBAH be discarded after
approximately one week at ambient conditions. 1t is also recommended that the standardfzation of the >,
titrant solution le checked approximately every two days. If the titrant is used past the point of .
initial decomposi:ion, serious problems can be encountered. One of the decomposition products of t.e
quarternary ammonium hydroxide solutfons i{s the corresponding alkyl amine, which itself {s quite basic
and readily reacts with acidic species. The result is s nonstofcmetric situatfon which cannot be 4
corrected. For this reason, TBAH titrant solutions should not be used long after initial decomposition
is observed.

harn

+
. .
B PR

.
0
-
(]

A |

»

It was also found that 0.1 N solutions of TBAH fn isopropanol could be kept for considerably '}?
longer periods of time i{f the solution is refrigerated. Sealed, refrigerated titrant solutions were T:J
found to maintain a constant titer without any visible signe of discoloration for as long as four :i“
weeks., Owing to the considerable cost of the TBAH reagent, refrigeration of stored titrant solutions L
{8 a practical means of extending the lifetime of a fairly expensive reagent solution. )
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