Bl TRIBTTYL CITRA

SOLUBILITY FRIM PQLY" I”YL FILM :

=

v of ac cetryl tribu=yl clerate from 2 polyviayl chloride
ized with =cetrl urlhutyl cltrate ~es deterzined for
2d1e0S ers at various pZ's and for a 5% salt solution at &

i
7
neutral an’ n zcfd pH. The solubility of acetyl tributyl c1+rate
i
a.

D

b

in lard 2il, pezhut n1l minzral oil, and scoytean oil was also
deternine

By virtue of its composition, acd its chenical and physical :
propzsrties, acetyl tributvl citrate and its relzted compouncs -
would seem to be desirable plasticizers for films used 1n contact

vitk foocs.

As information on the sclubility
in various solvents such,as"
elfikle oils,is importani,

and Meat Insceotion Disme “iul’; g{r'rsy:[)

of the olasu1c1zer from the film
H values, commnon

Pl
T

the following dazta has been obtained:

Aguegug Systers

The five follos

owing zr oup tests were cozducteL in order to evaluate
the possible los £

s of zcetyl tritutyl citrate in aguesus systems:

i. Water adjusted to - pd 2.0

2. Vater n " -pH 7.0

3. Wzter " . " - H 10.0

Le 5% Socdium Chloride Solution " " - pH 3.0

5. 5% Socdium Chloride Solution " " - pE 7.0
In all ceoscs the solutions were tuffered te the Fdesired pH by the g
use of nyirechloric acid or sodium “*froxlde.

e b

7; o7 the £1lm (0.003 inchegs %hick) & inches wide wnd approxinziely
Les long (313 square in ,cs) ~as threaded throush a series of
under See unifor:s tersicn of 1/2 inch dlameter glass rod
served as the bottom spool and =eparated the film, allOnlub

tpted contact tetween tne f1Im and solvent. The entire film

vac cxposed to the solvent as the upper spools were zlso under the

i

zslvent et =211 times.

Loty
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A1l strips welzned 13.5 grams end hzd 2n ares cf a proximately
215 sguare incres. A£l1l1 strlp of film ~ere freom the same producticn
teteh ané were C.003 inches thick.
re suspended 1r a sguare type battery Jjar and epu
cvcrﬂd with 2 liters of the solvent used for sxiraction.
re teld in a consiunt tempsrature room of 23° C. for a
l/ nonths.,
4t the erd o7 the leszt period, the film was renoved from the tanits,
washed free of uny salts, measured, dried to constint weight a2t 40° C.
(4 hours) and the "eﬂghts recorded. A contrcl batch of film was dried

under the SaWe conditions an
loss 1n "elght of the entire
cther pertinent data from th

Extraction

The solvent colutions, after
to rermove any cust which wmiz
extrzeted with carbon tetrac
plasticizer dissolved by the
tetrachloride was used for t
The solvent was extracted

three

d the loss in welght was nezligible. The
film is recc r@ed in Table I together with
ese tests.

= vaeuurt filtration thrsugh filter paper
nt have entered the jar, were thoroughly
hloricde in order to concentrate the

solvent. A total of 1,150 cc of carton
he extraction of each 8 liters of sclvent.
times in 750 cc batches. Each 750 cc

batch was extracted three times with 35 cc portions of carbon tetrachloride.

The wet carbon tetrachlorice
excess of anhvérous sodium s
vacuvum. Zach residue was tak
3 srmzll amount of carbon tet
of 10 ce. This 10 ce soluti
assay for the quzntitatlve a

In order to estazblish that 1
extrzetion, a preliminary te
zcetyl tributyl citrate was

to the extraction procedure,
resicdue was weighed and assa
The results inoica ed that t
as the results were accurate -

As 14 was desired to have =
tributyl citrate extracted,
were investigated
ester carbonyl grour is very

Since the infra-red absorption :

extraction was dried by shaking with an
ulfate, filtered, and concentrated under

cen to dryness, welzhed, and redissclveg, in
rachlorice and flually nade tc the velume
on was used for the Infra-red absorption
meunt of acetyl tribulyl citrate extracted.

t wzs practical to use this method of
st was made in which a knowm quantity of
added to a lzrge volume of water, subjected
and concentrzted under vacuum. The
yed chemically for acetyl tributyl citrate.
his method of extraction was suitable,
within 2%.

very specific means of measuring scetyl
the use of infra-red absorption techniques
maximum of the
specific and sensitive, this was chosen

for possible assay use.

Usinz a kmown concentration of acetyl tributyl

citrzte and carbon tetrachloride,

the infra-red atsorption curve of

tire ester was recorded using &

Perkxin-Elmer Model 12B infra-red

srectrometer equipped vwith sodium chlorice optics, using a fixed cell

of &

proximately 0.100 mm. thickness.

This was repeated using a series

of knowvn concenirations of acetyl tributyl citrate soluticns in

carbon tetrachlorice.

group was found a2t 1747 cm~

The max1rum absorption of the ester carbonyl
1 (5.72 microns) using the height of this

mexizum (after correction for absorption due tc carbon tetvachlorlde
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and water vapoT) as a mMeasure of the acetrl tributyl citrate
concentration. It was established experimentally that concentraztions
between 1.0F and 0.1% could e determined with an accuraey of + 5%

of the total azmount present, assuming no other ester was present.
Sbviously, resulis obtained by this method are a maximum, in that
they would irclude ary other esters present, end any decomposition
proructs of zcetyl tributyl citrate which mizht be formed containing
a carbonyl Zroup.

In order to check the efliclency of sxtraction, and ;rove tne
acceptebilisy of this method of znalysls, control runs were made
where mown amounts of acetyl tributyl citrate were added, put
through the entire extraction procedure, ané assayed by infra-red
analysis. Results ol these tests show that reproucitle assays can
te obtained with a maximum variztiocn of * 4%, which falls within the
limits of the precision of the instrument.

The film was formulated to contain 24 vparts ofﬂacetyl tributyl citrate
~  skin 126 parts of the finished procduct, or 19.04% acetyl tributyl citrate. i
R A he bulk of the film of the resin from Geon 11X Latex.

The pertinent data obtalned from these tests are summerized in Table I.
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TABLE I

LOSS OF ACETYL TRIBUTYL CITRATE FROM POLYVINYL
CHLORITE FIIM - AGUEQUS SCLVENTS

Sample No. 1 No. 2 No. 3 ¥o. 4 No. 5
Solvent Water VWater Water  5%NaCl 5%NaCl
pH 3.0 7.0 10.0 3.0 7.0
Weight of Fxtracied Material 19 25 33 10 18

C Cl, Solubles) (Mg.)

Welzht of Fxtracted ATBC* 20 26 13 12 19
(Infra-red Analysis) (Mg.)

Percent ATBC FExtracted 0.78% 1.01% 0.51% 0.47% 0.74%
(Based an 19049, of oviginal il weight) -

Weight of ATBC Extracted

Per Sqguare Foot of Surface
(Mg. Per Sq. Ft.)
(One 8ide) 9.2 11.9 6.0 b6 8.7

(Two Sides) b6 5.9 3.0 2.2 bl
Total Loss in ng%ht gzr Film 161 130 134 ‘102 214
Through Solvent (Mg.

# ATBC - Acetyl Tributyl Citrate

008902
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These data show that only a small amount of acetyl tributyl citrazte
is extracted by water in either acld neutral or alkaline pH or by

a 5% salt solutlon at either an acic or neuiral pH. Although 2,565
milligrams of plasticizer was present in each test strip, only from
12 to 26 milligzrams of acetyl tributyl citrate were exiracted in
these tests. The solubility at = neutral pH was hizher than acid
both for the water and salt solutions, however, the solubility seemed
to cecrease at pH values higher than neutrzl. The salt solutions .
seered to extract a smaller amount of ester than does the water.

The weight of ester extracted per scuare foot of surface has been
expresszed both Zor calculation using one side of the film for exposed
surface area and also using two sides. Obviously, the quantity extracted
zer square foot when expressed for one surface is a—wewre conservative.

3 - sad e 3 = . Undoubtedly, if
sufficient time were allowed, one side of the film should be capable
of giving the complete extraction as encountered in this test.

The guantity of carbon tetrachloride solubles parallels gulte closely

the zmount of acetyl tributyl citrate extracted with the exception

of batch No. 3, the alkaline water solution, where a c¢ éderable excess

of carbon tetrachloride solubles were obtalned over th%?i ibutyl

citrate extracted. The last line in Table I shows that on a basis L
of loss of weigzht of the film, a considerable amount of other materials -
were extracted from the films in these tests. e

The wet appezrance of the films in tests 1, 2, and 3, were very fogzgy,
vhereas the 5% sodium chloride solutions 4 and 5, gave only a slight
foggyness to the wet film. All films, however, were clear after

drying. They all showed exceptionally good flexibility after extraction
and subsequent érying. In these tests a large excess of solvent was
employed, for 2,000 grams of solvent belng used for 13.5 grams of
plesticized film, or 2.565 grams of plasticizer.

& 2. 0i] and Fat Systems

As films plasticized with acetyl tributyl citrate mizht be used in
contact with fatty foods, these tests were conducted in order to
deternine the amount of solubility of acetyl tributyl citrate from
films using this ester as a plasticizer. As acetyl tributyl citrate
is completely miscible with peanut oll, lard oll, and soybean oil meal,
and is miscible in mineral oil to approximately 29% by volume, it was o
concidered desirable to determine the extent of oil solubility of the
ester from the film.

Attempts were made to develop a specific assay for the- presence of
acetyl tributyl citrate in the solvent oil, however, they were not
successful in that reproducible quantities could not be obtained. Use
of chanzes of refractive index, infra-red absorption, etc. proved to
be of no value in this case. M. C. Reed has reported a method for
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measurinz Tat solubility of plasticizers (Ind. Eng. Chem. 35, 896, 1943)
which measures the loss of weilght of the film when suspended in the oil.

This procedure was followed with slight modifications. A 5" X 51

square of the film (0.003 inches thick) was loosely rolled and suspended
in a graduate containing 100 cc of the test oil. The film was removed
=+ regular intervals, completely wzshed of the adhering oll by rinsing
in five successive baths of petroleum ether, and brouzhit to constant
weizht by drying in an air oven at 60° C. (one-half hour) . A control
test strip washed and dried in the same menner showed a negligible

loss in welght.

The following Table II summarizes the results obtained by this method.
The values for percent loss in plasticiz:r have beern calculated on

the tasis that zny change in welght of the film has been a result

of loss of plasticizer by solubility in the oil. This method naturally
maxes the assumption that there is no pick-up of the oil by the film.

Values are ziven for solubility after one month and eight months
testing. Several tests were taken in the first month, however, they
seem to show an almost linear relationship of loss of plasticizer with
time during this period. The rate of solution of the plasticizer

seers to drop off with time after one month, as a linear relationship
no longer exists, although the plasticizer continues to dissolve in the
01l with extended time.
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TABLE II

LOSS OF ACETYL TRIEUTYL CITRATE FRCM POLYVINYL
CHLORIDE FILM - OIL SQLVENTS

Samcle No. 6 No. 7 No. 8 No. 9
Solvent (0il) Lard Mineral Peanut Soybean
7 Loss (Basls ATEC)
One Month 1.5% 1.3% 2.7% 1.8%
Pizht Months 8.6% 7.6% 9.7% 8.5%
Loss (Basis ATEC)
“(Mg. Per Sguare Foot Surface)
Calc. One Side
One Month 17: 15 | 31 21
Eight Months ;OO 68 112 98
Cale. Two Sides
One Yonth 8.5 7.5 15.5 10.5
Eignt Months 50.0 34.0 56.0 49.0
N i
S .
< ‘.
E%
~J
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The strips in 0il were held in a rcom zt 23° C. A large guantity
AP oil was vced with refe to the erount of Tilm, approxirmately
50 Zrans cf oll bein: C for L.T grernes of film or 0.19 grars

of clzsticizer in the

The ity in 211 oils seems to follow the same general pattern,
min n-ving the lowest solubility, peanut ¢il having the

nizh bility.

The loss of zcetyl tritutyl citrate, as millizr:zms per square foot

of surface, has been zxpressed on a bzsis of one surface exposed,

znd two surfaces exposec. Obviously, in these tests two surfaces
were sxposed, however, this diTference is lzrgely szcademic for it

is just a matter of time until the sclvent would uncoubiedly bte able
to extract thrcughout the entire thickness of the film vhich is $.003
inches,

i

The Fz2tas on Tat sclubility
thz=t zny chznge tzh
from the extrzction oI the pl
component of the film other t
£
i

is natur<lly bused upon the assumztion

£ e Tilm after sozking in the oll results

zsticizer Trom the film., If any

an the plasticizer were to dissclve in

r oil solutiliity of the plasticizer from
the oll had zny solubility in the

the oil the values reported
the £ilm would be hizh, and

These limitstions zre unfortunately inherent to this method of analysis,
wnich éoes not employ s specific zssay for the ester extracted. Ve
hive, howevser, not teen able to develop zny guantitative method for

the measurement of the ester in oil, =5 we have “een zble to deo in
zcuieous systems,
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