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Functionality Distribution of Carboxyl- and 
Hydro x y I -Te rm i n a t ed P o I y b u ta d i e ne 

M. S. CHANG, D. U FRENCH, and P. L. ROGERS 

Fleet Support Department 
Naval Ordnance Station 
Indian Head, Maryland 20640 

A B S T R A C T  

Elution from sil ica gel was used to fractionate liquid polymers 
according to the number of chemically reactive groups per 
molecule (the functionality). Methods are presented for the 
functionality fractionation of high and low functionality 
carboxyl-terminated polybutadiene ( CTPB). Results are also 
given on the fractionation of low functionality hydroxyl- 
terminated polybutadiene (HTPB) and of high functionality 
HTPB using a new elution series employing about half the 
solvent volume of that used in previous work  Calculated 
average functionalities agree reasonable well with those ob- 
tained on the whole polymer by other methods. 
The high functionality HTPB averaged a functionality of 2.51 
with variations between 2.43 and 2.63, while values of 2.53 
and 2.57 were obtained by gel point methods. Recovery from 
the columns was 89 to 97% Little o r  no nonfunctional material 
was found and usually about 10% nonofunctional. Molecular 
weight of the monofunctional was about 1000; of the difunctional 
4000 to 4500; and of the trifunctional 2000 to 2500 in agreement 
with the elution results of Muenker. It was concluded that HTPB 
did not change on the columns over a 72-hr period. 

1727 
Cupn;$lhr C l a 7  @ Marcel Dekher. Inc. All Righis Ruewed.  Neither this WWK nor any pan may k 
reDrouucea nr transmilled In any form or M rn! means. eimronic or mechaniui. including photocopying. 
microiilmnp. and recordinc. or h. any inlormuiitin stonge and retncval rTtem. wtnoui pmsrion in 
wiling from tne pubiisher. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1728 CHAVG, FRENCH, AXD ROGERS 

With high functionality CTPB, molecular weight tended to in- 
crease as the functionality increased and in one case, a mol- 
ecular weight frictionation showed an increasing functionality 
with increasing molecular weight of the fractions. Material 
with functionality above three was difficult to remove from t!!e 
columns, and in general the older the sample the lower the 
recovery. It is postulated that the high functionality material  
results from coupling of lower moleculat weight molecules 
either by oxidation o r  during the polymerization process. 

I N T  R O D  U C  T I 0  N 

The sillca-gel elution method for the deteraination of prepolgmer 
functionality distribution was first demonstrated by Muenker and 
Hudson [ 11 and used for the functionality fractionation of satut3ted 
liquid hydroxyl- and carboxyl-terminated hydrocarbon polymers of 
functionality two and below. Subsequently, the method was expaaded 
to include fractionation of unsaturated hydroxyl- terminated pre- 
polymers of functionality above two [ 21. The technique w a s  further 
extended by Law [ 31. Adequate functionality fractionation of 
carboxyl-terminated unsaturated hydrocarbon prepolymers of 
functionality above two does not seem to have been achieved. 

In the present work, methods are presented for the functionality 
fractionation of high and low functionality carbowl-terminated poly- 
butadiene (CTPB). Results are also given on the fractionation of high 
and low functionality hydroxyl-terminated polybutadiene (HTPB) using 
a new elution series that employs about half the solvent volume of that 
used in previous work [ 2 J.  Calculated average functionalities agree 
reasonably well with those obtained on the whole polymer by other 
methods. 

silica-gel and subsequent selective desorption by stepwise elution 
using solvent mixtures of progressively greater elution power. This 
technique can effectively separate prepolymers into non-, mono-, di-, 
and polyfuactional components. The initial work followed that of 
Mwnker and Hudson [ 1, 21 as modified by the General Tire  and Rubber 
Compaay [ 41 but with changes dictated by the high adsorption of the 
carboxyl group. Davidson Grade 81 sil ica gel was employed. This grade 
proved to be better suited for the purpose than Grade 62 o r  Grade 923 
empioped by Muenker [ 51. Two lots of Grade 81 gel gave s imi la t  results. 

The method is based on the adsorption of prepoiymer on activated 

DISCUSSION 

Mater ia l s  a n d  M e t h o d s  
Materials fractionated in this study were carboxyl- and hydroxyl- 

terminared polybucadienes from various sources. Samples of CTPB 
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FLUCTIONdTrY DISTRIBLTO?; O F  POLYBCTADIEhTS 1729 

were obtained from the Phillips Petroleum Company (Butarez CTL-I 
and XI), the General Tire  and RuSber Company (Telagen CT), and 
Thiokol Chemical Company (HC-434). ETPB was obtained from Arc0 
Chemical Company (R4Shi  and RISHT), from the General Ti re  and 
Rubber Company (Telagen HT), and from Phillips Petroleum Company 
(Butarez HTSj. Silica gel, Grades 62, 81, and 923, was obtained from 
the Davison Chemical Division of W. R. Grace and Company. CTPB 
and HTPB samples a re  referred to by letter codes. 

Molecular weights were determined by gel permeation chromato- 
graphic methods using calibrations reported elsewhere [ 61. Carboxyl 
contents were determined on thin films by IR techniques [ 71 at 1708 
cm" using the 1434 cm" methylene peak as a standard. Hydroxyl 
g o u p s  were determined in CS2 solution at 3615 cm-' [ 71. The peak 
height was sometimes measured on this spectrum, but if the shape of 
the curve indicated hydrogen bonding, the band area was measured 
between 3200 and 3700 cm". 

and equivalent weight measurements. Functionality was calculated by 
dividing molecular weight by equivalent weight. In some cases the 
weight average functionality was calculated from the proportion of re- 
active groups reacted at the gel point i 81, When the functionality of 
the eluted fractions was found, it was general!y the caSe that the vAues 
were not whole numbers though often close to whole numbers. The 
fuctionali ty distribution ras talc-dated by assurnirig that each fraction 
consisted only of material of whole functionality namber immediately 
above and below the average vzlue. A further assumption was that the 
molecular weight in each fraction was constant. 

which are described in some detail in the Appendix of this report 
(described as Series I through ID). To make sure that no change o r  
retention of material occurred during the elution process, all the 
fractions of one sample were collected after elution, combined, evapor- 
ated to dryness, and run on the GPC. The resulting distribution curve 
w a s  compared with the distribution curve of the sample before elution 
(see Fig. 1). Weight- and number-average molecular weights before 
elution were 9188 and 7060, while after elution the combined fractions 
showed weight and number averages of 8389 and 6646. Curves before 
and after elution were similar although some high molecular weight 
material was retained on the si l ica columns. 

A minimum of about 250 mg was required for both molecular weight 

All together, three solvent elution series were used in the work 

H y d r o x y l - T e r m i n a t e d  P o l p b u t a d i e n e  

The first work was on the fractionation of low functionality HTPB 
called Class 2 HTPB, and employed solvent Series m, see Appendix A 
typical result is  shown for HTPB-GC in Tables 1 and 2 and Fig. 2. The 
results on a repeat of this sample were 7.05 for Fraction A, 6.1% for 
Fraction B, and 827% for Fraction C. 
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FIG 1. GPC curves of CTPB before and after elution from 
silica gel, 

Others have previously presented methods for functionality 
fractionation of HTPB with average functionality 2.0 o r  below [ 11. It 
wvaa soon found that fractionation of HTPB of averwe functionality 
above 2.0, called Class 1 HTPB, presented problems. Nearly all of 
the trifunctional material eluted with the difuactional. In one case 
when fractionating HTPB-GJ, 0.6% below functionality Pwo was found 
and 87% eluted d u r i q  the next step. In another case 94% of the sample 
eluted in this step although the average functionality of this prepolymer 
is 2.37. 

A search was made for a solvent elution system which would allow 
separation of the major fraction of HTPB-GJ found in the third step of 
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1734 CEWNG, FREXCH, AVD ROGERS 

the procedure which utilized ethanol, chloroform, and benzene as the 
eluting solvent. The approach was to reduce and finally eliminate the 
polar constituents of this mixture. Elution vith benzene alone reduced 
the proportion removed in bis step to 33 to 36% of the whole. Further 
removal was then effected by elution with benzene containing success- 
ively increasing proportions of ethanol and chloroform. The pro- 
cedures used are shown as solvent Series II in the Appendix The 
solvent series is somewhat different from that described by Muenker 
[ 21 and employs only about half the solvent volume. Reproducibility 
of the elution procedures is shown in Table 3. Precision is not bad. 

High functionality HTPB, samples of G J  and GL, w a s  found to con- 
tain little o r  no nonfunctional material and usually less  than 159 
monofunctional material. Hence it was  considered that the first step 
in elution Series II, use of 5% ether in hexane, might be omitted. 
When this w a s  done, separarion was clean cut and working up the 
fractions was faster. Five lots of HTPB-GJ and one of HTPB-GL 
were fractionated in this way with results as shown in Table 4 and 
Fig. 3. However, on fractionating two of these lots using the hexane- 
ether solvent, it was found that use of this solvent changed the results 
somewhat. A comparison is shown in Table 5 and Fig. 3. Use of 
heme-e ther  yields a lower calculated average functionality and a 
higher proportion of monofunctional material. Experimental results 
on the whole polymer seem to agree more closely with those on the 
fractions found using the hexane-ether step than without. 

The results on functionality fractionation of HTPB-GJ indicated 
about 10 to 1 5 8  monofunctional material of molecular weight about 
1000, the rest being di- and trifunctional with molecular weights 4000 
to 4500 and 2000 to 2500, respectively. Averige functionality was cal- 
culated to be about 2 5. 

Whereas molecular weight and functionality increase together for 
carboxyl-terminated polybutadiene fractions ( CTPB), ve have found 
that molecular weight of hydro.xy1-terminated polybutadiene ( HTPB-GJ) 
fractions decreased for the three-functional material as compared with 
the two-functional. Loc!&eed Propulsion Company h a s  reponed in joint 
work with Esso Corporation (91 that molecular weight increased as 
functionality increased for the material. They used a precipitation 
fractionation method. One explanation for the conilicting findings might 
be that a change in the polymer takes place on the silica column. 

Using HTPB-GJ, Lot 006131, all the fractions were collected im- 
mediately after silk3 elution, combined, evaporated to dryness, and 
run on a gel permeation chromatograph (GPC). The resulting distribu- 
tion CuTVe w a s  compared with the distribution c u v e  of the sample 
before elution (see Fig. 4). Another sample of the same lot w a s  held on 
the silica gel for over 72 h r  and then eluted using the same procedure. 
The fractions were collected after elution, combined, evaporated to 
dryness, and iun on the GPC. Molecular weight results me shown in 
Table 6. 
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Before 

FIG. 4. GPC distribution of HTPB-GJ before elution and after 
elution and recombination 

In order to check GPC and vapor pressure osmometer (VPO) results 
with each other, this lot of HTPB-GJ was fractionated four times by 
elution from s i l i ca  The four approximately difunctional fractions were 
combined and the molecular weight was determined by GPC and VPO 
techniques. By GPC, M was 5342 and Mn 4305. By VPO, Mn was 4210. 
The equivalent weight by TR methods was 2372, yielding a functionality of 
1.81. 
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TABLE 6 

After 72 h r  
HTPB-GJ Before U t e r  immediate elution and re- 
008131 elution elution and recombination combination 

&In 3099 3 144 

M.# 4681 4705 

hlc.lw/Mn 1. $1 I. 50 

3014 
4533 
1.52 

From these results one must conclude that HTPB-GJ elutes f rom 
s i l ica  gel (Grade a1  ) with no aolymerization or  degradation. 

C a r  b o x y l -  T e r  m i n a t  e d  P o l y b u t  s d i e n e  

When CTPB i s  fractionated by the methods used above for HTPB, a 
o a r t  of the sample is retained on the column. It was found, however, 
;hat this portion could be removed in most cases if a l inle  acetic acid 
was added to the final elution solvent. See Ser:es I in the Appendix. It 
is necessary in th i s  c s e  to pump off the icetic acid from the final dry 
fraction of the sample exhaustively before determination of carboxyl 
content. 

During the elution process the last  fraction washed out by icet ic  
acid and chloroform usually showed a double peak when this fraction 
w a s  put through the GPC. In other words, the elution process gave 
fractions containmq two molecular weight species. This result g v e s  
more confidence in the elution method for separation by iunctionaiity 
and the GPC process for separation by size. 

2 and Fig. 2. Agreement between calculved averzge tirncnonalities lrnd 
those determined from gel point measurements 'was not too good in 
some cases. Results on six samples o i  recently produced Butarez 
CTL-I averaged 28.9'3 nonfunctional material out of 30?: presumed to be 
?resent with ; ~ n  average total recovery of 95.47. 

In the caae of CTPB, molecular weight tended to increase as the 
functionality increased and in one case, shown in Table 2, 3 molecular 
weight fractionation showed an increasing iunctionality with increasing 
molecular *weight a i  the fractions. 

As information accumulated on the f ru t ionu ion  of a number of 
samples of CTPB using the Series I solvents but mth lower volumes 
than given La the Appendix, examples of low recovery from the columns 
were found. I n s t e a  of the 95.4% mentioned above, in one case 795 was 

Results found for various types of CTPB u e  shown in Tables 1 and 
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TABLE 7. Effect of Sample Age on Recovery of CTPB 

Recovery of fractions ('%) 
TYPe Approx 
CTPB age (?r) A B C D Total 

I 

rI 

0- 1 

1 

2 

2 

2 

3 

4 

6 

30.2 

29.7 

26.7 

28.1 

29.1 

27.5 

23.0 

2 2  1 

3.5 

2 7  

1.6 
2.3 

43.1 

44.2 

5 2  0 

43.8 

40.8 

39.5 

47.8 

45.5 

63.3 

6 2  3 

60.1 
31.7 

8.1 
2.1 
2.7 

2.9 

2.2 

3.5 

4.0 

2 5  

3.4 

2 4  

21 
2.9 

17.8 

18.5 

14.7 

19.1 

21.3 

21.0 

18.6 

17.4 

22.9 

2 2  6 
2 2  5 
2 2  3 

99.1 

94. 5 

96.1 

93.8 

93.3 

91. 3 
90.5 

87.5 

93.1 

90. 9 

86. 6 

79.4 

recovered and in others 87=-~ On arranging these samples in order  of 
age, it was found that recovery tended to d e c r e v e  with age of the 
sample (see Table 7). Specifically, the samples showed less  non- and 
difunctional material without a change in the proportion of t r i fuc t iona l  
material as they became older. In an effort to increase the recovery 
of these samples from the columns, the malor parameters of the 
process were varied w m g  a single b y e a r  old Type I sample, as shown 
in Table 8. The sil ica gel to polymer ratio was increased from 50/1 to 
133/1 using a 26-mm id. column as well as a 20-mm column, and in 
one case the proportions of eluting solvents were increased to the 
amounts given in Series I in the Appendix Recovery increased from 
87.5 to 91. f f c  A further experiment showed a slight decrease in 
recovery when using sil ica gel which had been stored at 65% R.H. Of 
more importance, the functionality separation of Fractions B and D 
almost vanished when usmg the moist sl l ica but w a s  reasonably high 
when a dry gel was used LII the 26-mm column at a 133/1 gel to polymer 
ratio (see Table 8). 

Some years ago NAVORDSTA reported that a proportion of some 
CTPB prepolymers was insoluble in pentane and presented a test which 
could rate  each prepolymer for pentane insolubles in te rms  of a number. 
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[ Prepolymer ( 2  50 g) was weighed into a 50-ml beaker and dissolved 
in pentane. The solution was added to a 100-ml graduated centrifugal 
cup (Fisher  5-622) and pentane added to a total volume of 100 ml. The 
cup woas allowed to remain overnight at 25'C and the volume of lower 
layer was read off. ] In 1966 it was found that this number for the lot 
of CTPB used to obtau the data in Table 8 was 0.3. However. on re- 
running the test in 1971, the value was found to have increased to 2.0. 
Pentane insolubles were isolated from a lot of CTPB and found to 
have the same carboxyl content as the whole polymer but with much 
higher viscosity. In a few days the material hardened in air and be- 
came solid. In the present work the pentane insolubles were removed 
from a large sample of the lot used for the dara in Table 8. The 
pentane insolubles were found to have a molecular weight of 10,200 
and a functionalit? of 3.53. The portion remaining after removal of the 
msolubles was then fractionated using the Series I procedure. Recovery 
was nearly 95% with a reasonable functionality separation of Fractions 
B and D. One can postulate that the high functionality material results 
from coupling of low molecular weight molecules by an oxidation 
process. 

Two procedures were thus needed for functionality fractionation of 
CTPB. In order to minimize differences berween the procedures, the 
solvent volumes used in  both were placed at the same high level and 
25-mm columns were emploved in both. The r e m a i m g  differences 
were then in sample size and in tire cut-off saint for collection of one 
of the fractions. It w a s  decided '.o use :he pentane insolubles test as a 
means of classlfping CTPB samples according to the  pat'.icular pro- 
cedure to be used Based on rssults of this test  applied to a number of 
samples, a value of 0. SO ml pentane insolubles was set as the dividing 
point between t w o  classes of CTPS. Detalls are described in the 
&Pen& 

C O N C L U S I O N  

Methods have been presented for reproducibly sepatating carboxyl- 
and hydroxyl-terminated butadiene polymers into fractions which vary 
according to the mmber of reactive groups per molecule. Considering 
the number of steps involved and the difficulties of the work, precision 
is fairly good. Separation does seem to be by funct iodi ty .  Mclecular 
weight of CTPB was found to increase with functionality, but on the 
contrary the molecular weight of high functionality HTPB (Sample G J )  
showed lower molecular weight for the high functionality fractions than 
for the low. This result is in contradiction to that of another group [ 91 
and also appears a little illogical. Nevertheless, extensive efforts 
failed to show any sigxficant e r ro r s  in this work. 
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XPP E N D l X  

This method is for the determination of the distribution of function- 
alities of liquid cuboxyl- terminated polybutaiiene (CTPB)  of 20 to 
30% vinyl content and of liquid hydroxyl-terminated polybutadiene 
(HTPB) of 2G to 30% vinyl content. 

of sample are weighed into 3 30-ml beaker md dissolved in n-pentane. 
The solution is added to a 100-ml graduated centrifugal cup and pentane 
added to a total volume of 100 ml. A stopper is placed in the top of the 
cup and the mixture shaken to homoyeneiv. The cup is allowed to re- 
main overnight at 2 5 ' C  and the volume of any lower layer  is read off 
estimating to one hundredth of a milliliter. Samples yielding 0 to 0.30 
ml are designated Class 1 and treazed as described in P a r a g r a p h  11 
below. Those yielding 0.51 ml or more lower iayer m e  designated 
Class  2 and treated u described in Paragraphs 1.2 below. 

L L  Fractionation of Class 1 CTPB 
1.1.1. Prepare  3 3- l / P o  by volume solution of diethyl e ther  in 

hexane by mixlng 965 ml of hexane and 35 ml of diethyl ether. Weigh 
100 g of silica gel (Grace-Davison, Grade 81) into a 600-ml beaker and 
add 300 ml of the ether-hexime soht lon  with stirring. Pour  sea sand 
into the bottom inch of a 25-mm by 3 ft demountable chromatographic 
column fitted with a course sintered glass disk The s lur r ied  s i l ica  gel 
is t ransferred into the column as rapidly as possible. Drain the solvent 
to the top of the gel bed and add 112 in of s e a  sand to keep from dis- 
turbing the gel vhen  the sample and solvents a r e  added. 

L 1.2. Measure 400 ml of the 3-1/2% ether-hexane solution into a 
graduated cylinder and pour into a 1-liter separator7 funnel. Weigh 
1.00 g of CTPB sample into a 6-drun  vial. Add LO rnl of the ether- 
hexvle solution taken from the funnel to dissolve the polgmer. Transfer  
the dissolved sample quantitatively to the column, rinsing s e v e r d  t imes 
with small  m o u n t s  of solvent from the separatory funnel. Drain the 
solvent from the column until the sample liquid reaches the too of the 
Sand. 

funneL The funnel is fitted with a stopper a d  secured in place above 
the column with a ring clamp. Flow rate of solvent through the column 
should be adjusted at the beginning of elution process  to 12 ml/min by 
regulating the opening of the column stopcoclc The flow rate will 
change durmg the run because the different solvents have difterent 
densities and viscosities. However, the stopcock opening should not be 
changed once it is set. The complete elution series is 35 follows: 
Series  I: 

I. CTPB samples  are divided into two c lasses  u follows: 2.gO g 

1.13. Additional solvent is added to the column from the separatory 

h Diethyl e ther  3.5, hexime 96.5 400 m l  
B Ethanol 25, chloroform 10, benzene 85 300 ml 
C-I Ethanol 10, chloroform 90 300 ml  then 
C-II Ckloroiorm 300 mi 
D ChlorDform 99, acetic acid 1 600 ml 
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FUNCTIONALITY DISTRIBUTIOX OF POLYBLTADIEhTS 1745 

Proportions are in percent by volume. Collect the fractions in a 
250-1111 graduated cylinder so the volumes can be measured. Then 
transfer to 500 ml Erlenmeyer flasks. Do not let the column run dry 
at any time during the elution series. 

11.4. Fraction A, P a r q r a p h  1.1.3, should contain 570 mL Start  
collecting Fraction X when the sample i s  added to the column Con- 
tinue collecting until the solvent front from Solvent B has reached the 
bottom of the column This front can be seen because of the difference 
in refractive index of the mo solvent combinations. 

1 5  ml of ethanol, and 30 ml of chloroform. Add 300 ml of Solvent B to 
the separatory funnel. When Fraction A, Paragraphs 1.1.3 and 1.1.4, 
reaches the sand, begin adding Solvent B to the column from the funnel. 
Collect 300 ml  of Fraction B. 

combination in the series, Paragraph L1.3. Solvent C-I contains 270 ml 
chloroform and 30 ml ethanol. Solvent C-II is 300 ml chloroform. For 
fraction C, collect 650 mL 

1.17. Solvent D, Paragraph 1.1.3, contains 594 ml chloroform and 
6 ml glacial acetic acid. Collect Fraction D which will amount to 450 mi 
by letting the column drain completely. 

L L 8. Set up a rotary evaporator connected with two Dry Ice-acetone 
tyaps in ser ies  and then a vacuum pump. Carefully evaporate the solvent 
from each fraction using a 230-ml round-bottom flask at first, and tnen 
when tire volune has  decreased transfer the material to a previously 
tared 50 ml round-bottom flask. rinsing several  t imes with a small 
amount of solvent. When the solvent has evaporated, place the flasks 
in a heated Tacuum desiccator or  vacuum oven and pump for 2 hr  at 60°C. 
Weigh the Casks and calculate the weight percent of each fraction using 
the relationship: 

weight percent of fraction = 100 x (weight flask plus sample - weight f l a k )  

o r  more. determine the  molecular weight using the procedures in "A 
Cooperative Molecular Weight Distribution Test'' [ 61. 

150 mg o r  more, determine the carboxyl equivalent weight by the pro- 
cedures in "Infrared Determination of Carboxyl and Hydroxyl Contents of 
Functionally Terminated Polybutadiene" [ 71. 

1.1.11. Report as the results of the test the weight percent of each 
fraction from Paragraph 1.1.8, the molecular weight of each fraction from 
Paragraph 1.19, and the carboxyl equivalent weight of each fraction from 
Paragraph L 1.10. 

CTPB is the same as that described in Paragraphs 1.1 above for Class 1 
CTPB with the following exceptions: 

1.L5 Prepare Solvent B, Paragraph 1.1.3, by mhing  195 ml benzene, 

1.1.6. As each solvent drains from the funnel, add the next solvent 

1. I. 9. For each fraction in Paragraph 1.L8 having a weight of 150 mg 

1.1.10. For  each fraction in Paragraph L 1.8 having a weight of 

1.2. Fractionation of Class 2 CTPB 
1.2.1. The procedure for the functionality fractionation of Class 2 
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1748 CHAVG, FRENCH, rtvD ROGERS 

a In Paragraph 1.12, change the CTPB sample size to 0.75 3. 
b. In Paragraph 1. & 6, collect 600 m l  of Fraction C instead of 

650 mL 
c. In Paragraph Ll7 ,  500 ml  of Fraction D will be obtained when 

the column is drzined. 
d In Paragraph 1.1.8, the calculation for the weight percent of 

the fractions will be: 

weight percent of fraction = 133.3 X (weight flask plus sample - weight flask 1 

2. HTPB samples are divided into two classes. In Class 1 are 
those materials which average more than two hydroxyl groups per 
molecule. Members of this class are treated as described in 
Pangraphs  2.1 below. In Class 2 are those materials which average 
two or less hydroq l  groups per molecule. Members oi this class are 
treated as described in Parigraph 2.2 below. 

by mixing 950 m l  of hexane and SO ml diethyl ether. Weigh $0 g of 
s i l ica  gel (Grace-Davison, Grade 81) lnto a 450-1111 beaker and add 
150 m l  of the ether-hexane solution Wth stirrine Pour sea sand 
(washed and ignited) into the bottom inch of a 20-mm by 3 ft demount- 
able chromatograph column fitted with a sintered glass disk Then 
pour the slurried sil ica gel into the column a9 rapidly as possible. 
Dra in  the solvent to the top of the gel bed and add 1/2 ih of sea sand 
to keep &om disturbing the gel when the sample and solvents ape 
added. 

2. L 2. Measure 300 ml of the 5% ether-hexane solution and pcur 
into a 1-liter separatory funnel. Weigh LOO g of HTPB sample in a 
8-dram vial and dissolve in 10 ml of solvent from the funnel. 
Transfer the dissolved sample quantitatively to the column, rinsing 
the vial several  times with small  amounts of solvent fyom the separ- 
atory funneL Drain solvent from the column until the sample liquid 
reaches the top of the sand 
2 L3. Additional solvent is added to the column from the separator] 

funneL The funnel is fitted vith a stopper and secured in place above 
the column with a ring clamp. Flow rate of solvent through the column 
should be adjusted at the begimmg of the elution process to 10 ml/min 
by requlating the opening oi the column stopcock The flow rate w i l l  
change during the run because the different solvents have dttierent 
densities and vrscosities. However, the stopcock opening should not 
be changed once it is set. The complete elution ser ies  is as follows: 

Series U: 

21. Fractionation of Class 1 HTPB. 
2. L l. A 5% by volume solution of &ethyl ether in herane is made 

A Methyl ether 5, hexane 95 300 ml 
B Benzene 500 rnl 
C Ethanol 3, chloroform 3, benzene 90 200 mi 
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D Ethanol 10, chloroform 10, benzene 80 200 ml 
E Ethanol 25, chloroform 10, benzene 65 200 ml 

Proportions are in percent by volume. Collect the fractions in a 250- 
m i  graduated cylinder so the volumes can be measured. Then transfer 
to 500 ml Erlenmeyer fljsks. Do mt let the column run dry at any 
time during the elution series. 

2.1.4. Fraction A. Paragraph 2.1.3, should contain 350 ml. Start  
collecting Fraction A when the sample is added to the column Con- 
tinue collecting until the solvent front from Solvent B has reached the 
bottom of the column This front can be seen because of the difference 
in refractive index of the mo solvent combinations. 

Par-aph 2.1.3. When Fraction A reaches the sand, begin adding 
Solvent B to the column Collect 500 ml of Fraction B. 

2.l.6. As each solvent dratns from the funnel, add the next solvent 
combination in the series. Solvent C, Paragraph 2.1.3, contains 10 ml 
ethanol, 10 ml chloroform, and 180 ml benzene. For  Fraction C, 
collecr 150 ml. 

21.7.  Solvent D. Paragraph 2.1.3, contains 20 ml of ethanol, 20 ml 
chloroform, and 160 ml of benzene. Collect 250 mi of Ract ion  D. 

2.1.8. Solvent E, Paragraph 21.3, contains 50 ml of ethanol, 20 rnl 
of chlorofcrm. and 130 nl of benzene. Rac t ion  E' should contain 200 
ml and drain the column. 

2.1.9. Set up a rotary evaporator connected with two Dry Ice- 
acetone traps in series and then a vacuum pump. Carefully evaporate 
the solvent from each fraction using a 250-ml round-bottom flask at 
first and then when the volume has decreased, transfer the material 
to a previously tared 50 ml round-bottom flask, rinsing several  times 
with a small  amount of solvent. When the solvent has evaporated, 
place the flasks in a heated vacuum desiccator or vacuum oven and 
pump for  2 hr at 60'C. Weigh the flasks and calculate the weight 
percent of each fraction using the relationship: 

2.1.5. Add 500 ml of benzene to the funnel. This is Solvent B, 

weight percent of fraction = 100 X (weight flask plus sample - weight flask) 

2.1.10. For  each fraction in Paragraph 2.1.9 having a weight of 150 
rng o r  more, determine the molecular weight using the procedures in 
"A Cooperative- Molecular Weight Distribution Test" [ 6 J. 
150 mg  or  more, determine the hydroxyl equivalent weight by the 
procedures in "Infrared Determrnation of Carboxyl and Hydroxyl Con- 
tents of Functionally Terminated Polybutadienes" [ 71. 

2.1.12 Report as the results of the test the weight percent of each 
fraction from Paragraph 2 1.9, the molecular weight of each fraction 
from Paragraph 2.1.10, and the hydroxyl equivalent weight of each 
fraction from Paragraph 2.1.11. 

2. 1. 11. For each fraction in Paragraph 2 1 . 9  having a weight of 
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22. Fractionation of Class 2 HTPB. 
22.1. The procedure for the functionality fractionation of Class 2 

HTPB is the same as that described in P ~ . q a p n s  2.1 above for 
Class 1 HTPB with the followtng exceptions: 

a In Paragraph 2.1.1, change the volumes of dl solvents and the 
weight of the s i l ica  gel to one-nalf that required in Paragraph 21.1. 

b. In Paragr3ph 2.1.2, change the 300-ml volume of the 3% ether- 
hexane solution to 100 ml  and 1.00 g of HTPB sample to 0.50 3. 

c. In Paragr3ph 2.1.3, change the complete elution series to the 
f O l l 0 w l n ~  

Series m: 
A Diethyl ether 3, hexane 95 100 m i  
B Diethyl e ther  5, hexane 95 200 m l  
C Chloroform 10, ethanol 25, benzene 65 220 m l  

d. Change Paragraph 2.1.4 to the following: F r x t i o n  A, Paragraph 
2.2 lc ,  should contain 100 ml. When this 100 ml has been collected, 
add 200 ml  more of the 3% ether-hexane solution into the 1-liter 
sepaquory funnel and add this to the column (Solvent .Mixture B). 
Collect 200 m i  of Fraction 8. 

e. Change Paragraph 2.1.3 to the following: MLK Solvent C, 
Paragraph 2 2. la, conststlng of 62.3 ml ethanol, 25 ml chloroform, and 
1625 ml  benzene and 3dd to the funnel. When Fraction B reaches the 
sand, begh adding Solvent C to the column. Collect 250 m l  of Fraction 
C, draining the column 

f. Change Paragraph ?. 1.6 to the following: As each solvent drains 
from the funnel, xid the ne.xt solvent combination in the series, 
Paraqraph 2.2. lc. 

g. Paragraph 2.1.7, omit. 
h Paragragh 2. L 8, amit. 
L In Paragraph 21.9, the weight percent of fraction = 200 x (weight 

flask plus sample - weight flask). 

A C K X O W L E D G M E N T S  
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views of the Department of the Yay? or the Yaval Serrice at l u g e .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



PUNCTIONALITY DISTRIBCTION O F  POLEBCTADIENES 1749 

R E F E R E N C E S  

[ 11 A. H. Muenker and B. E. Hudson, J. Macromol. ScL-Chem., 
A3( 71, 1463 (1969). 

[ 21 H. Muenker (Esso) ,  Contract FO4611-69-C-0046, Final 
Report, February 3, 1969-February 2, 1970. 

3 R. D. Law, J. Polvm. Sci., X-1, 9, 589 (1971). 
4 R. G. Chase, General Ti re  X R L b b e r  Co., Akron, Ohio. 

A. H. Muenker, Esso Corp., Personal Communication. 
! 6 H. E. Adams, E. Ahad. M. S. Chang, D. B. Davis, D. M. French, H. J. 

Hyer, R. D. Law, R. J. J. Simkins. J. E. Stutchbury, and M. Tremblay, 
''-4 Cooperative Molecular Weignt Distribution Test," Second JANNAF 
Propellant Characterization Worhng Group Meeting, Las  Vegas, 
Nevada, November 1, 1971, and J. hppl. Polym. Sci., - 17, 269 (1973). 

7 A. S. Tompa, Anal. Chem., s, 628 (1972). 
8 D. M. French, R. A. 8. Strecker,  and A S. Tompa, J. Appl. Polpm. 

Sci 14, 599 (1970). 
[ 91 Lockheed Propulsion Company, Redlands, California. Final Report 

I jj 

. '  - 
AFPRL-TR-71-123 to Edwards AFB, January 1972. 

1 1  

AccerJted by editor December 27, 1972 
Received f o r  publication February 14, 1973 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


