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ION-EXCHANGE PROPERTIES OF MATERIALS OBTAINED BY RADIATION GRAFTING
POLYMERIZATION OF ACRYLIC ACID AND STYRCL FROM GAS PHASE ON

FOLYPROPYLENE FIBERS AND FABRICS

M. I. Boldyrev, A. V. Vlasov, Ye. V. Yegorov, Yé. S. Kolesnik, S. B.

Bakarpova, L. I. Malakhova, L. G. Tokareva, B. Ls Tsetlin

Ion-exchange fibers and fabrics which contain certain functional
groups have a number of advantages over standard resins: They can
serve sisultaneously as ion-exchange and msechanical filters; their
use is particularly ptonisihg in formulating cogtinuous processes;

since they have a developed surface, they are characterized by high

exchaage rates.
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Usually cation- and ion-exchange materials are obtained either
directly froa fiber-forasing polymers which contain ion-exchange
groups or polyser-analogous conversions. The prcduction of
ion-exchange fibers and fabrics by the radiation-chemical method [1]
also appears very promising. Until nov these were obtained by

radiation grafting polymerization from the liquid phase [2-4).

She object of the present article is to study the exchange
processes of icaexchange grafting materials based on polypropylene
fiber which are obtained by the method of radiation graft
polymerization froa the gas phase during irradiation of the original
fibers and fabrics directly in the vapors of the monomer. As we know,
this grafting method elisinates homopolymerization and makes it
possible to obtain two-layered fibers, the outer portion of which is
the layer of the graft polymer [S, 6). In the proposed variation the
graft polyser change are connected directly to the substrate by
C-C-bgads, vhich causes the high resistance of ion-exchange materials
under conditions of repeated action by corrosive media and long-teras

BExperimsental Part

Nere we studied specimens of propylene fabric (article 25337) on
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which the gas-phase method wvas used to graft polyacrylic acid or
polystyrol. The radiation grafting polyserizaticn reaction was
achieved on a pilot device where y-radiation of Co®% was used as the

source [7].

When acrylic acid wvas used as the original monomer, synthesis of
the ion-exchange fabrics consisted cnly of a single graft stage. In
crder to impart the ion-exchange properties to specimens of
polypropylene fabric containing a graft polystyrol, these vere
subjected to sulfomation by concentrated sulfuric acid in the
preseance of a catalyst (aluminum trichloride) or phosphorylation by
ghosphorus trichloride in this presence of alusinum trichloride with
subseguent oxidation of the product by nitric acid. An ion-exchange
fabrié with strony-alkaline groups was produced as the result of
chlorpomethylation of the grafted polystyrol by sonochloromethyl ether
(ester) im the presence of a catylst (stannous tetrachloride) and
further amination of the chloroasethylated copolyser by an alcohol

solution of trimethylaaine.
An investigation of the properties of iom-exchange fabrics
revealed that the capacity of the studied specisens was high and

close to the calculated value (Table V).

One of the main advantages of iom-exchange of fabrics
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synthesized by the described method is that such materials are stable
during use. Thus, in a fabric wvith graft polyacrylic acid, after 30
sorption-desorption cycles (0.1 normal MaOH-H,0-0.1 normal HCl), the
origimal capacity decreased by only 5-109/4. Por graft fabrics
containiang the groups -SOzH, -PO H, and -cn,:(cn,;,, this treatsent

is accompanied by losses of 3-109/, of the original capacity. At the

same time in ion-exchange of fabrics obtained by the usual chemical
grafting there is frequently a 15-309/, decrease in the exchange
l capacity after several cycles. This difference is appareatly a result

r of the fact that under conditions of gas-phase radiation grafting

strong chesical bonds of the C-C-type betweéen macrozsolecules of the
origimal fiber and the graft copolymer are forsed, as vas noted

aboves

Senerally ion-exchange materials are described by significant
heterpgeneity. The method of gas-phase radiation graft polymerization
sade it possible to synthesize an ion-exchange fabric with a high
degree of homogemeity:

Specimen nuaber 1 2 3 8 S 6 7 8
Capacity, ag-eqv/g 4.3 &. 4 8,1 8.2 &.1 &7 8.3 4.3

L . g ————
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Due to the fact that functional groups of synthesized ionites
are leocated on the surface and that the exchange of ions is not
limited by diffusion in the phase of the sorbent, the rate of
ion-egychange on synthesized fabrics is significantly higher than on
standard resins (figure). The capacity of graft twvo-layer
{particularly those based on graft polyacrylic acid) cation-exchange
saterials to react vwith replacement of the hydrcgen ion of the acid
groups by cations of different metals with formation of salts of
folymer acids can be used to obtaim fibrous materials with a high
copceatration of bound setal. The introduction of significant
guantities of a certain metal into the twvo-layered material may lead
to a substantial change in the physical amd physicochenmical
properties of the material, for example, the thersal properties of
fibers with a graft layer of polyacrylic acid arnd its salts (Table
2) . Polyethylene and polypropylene fibers vith 3 graft layer of
polyacrylic acid retain a high degree of strength up to temperatures
ot the order of 150°, although above 170-200° they loose their
strength entirely as a result of the thersal decarboxylation

reactjion.

Pibers with a graft layer of salts of polyacrylic acid, obtained
by tresating the oxygen fora of graft copolylc:s:lith solut ions of
appropriate metals, retain their msechanical strength at auch higher

teaperatures. This is the result of the greater thermal resistance of
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salts of polyacrylic acid as compared to the polymer acid itself.

Por absorption of latée qnanfities of caticns of certain metals
(for the purpose of achieving complete exchange capacity of the
fibers) conditions for comducting the exchange reaction must be
selected in each specific case. This can be illustrated using as an

exaaple the introduction of lead into graft fabrics.

Jf an ion-exchange fabric containing groups -COOH is treated by
0.1 norsal solutions of lead acetate or nitrate, then only 109/4 is
substituted. If, however, the fabric has been pretreated with a 69/,
solution of ammonia and rinsed in water, then after comtact with 0.1
norsald solutiom of lead salts, then lead can be introduced up to
259/4 of the original capacity. Pinally, if after the ammonia
treatment the fabric is dried and the lead absorbed, then the
capacity vith respect to PB2+ may constitute more than 1009/, of that
vhich is theoretically possible. Por example, we can use this method
to introduce into a fiber with a total exchaigc capacity of 6
sg-eqv/g up to 7-8 mg-eqv Pb2+/g froam a saturated (at rooa
temperature) solution of lead acetate or nitrate. Here the obtained
capacity is above the total exchange capacity. This is caused by the
fact that lead is scrbed con the fabric not only in the foram of Pb2¥,
but also in the form of complex ions of Pb(CH3CO00)*. The use of basic

lead acetate sakes it possible to introduce 11-12 ag-egv Pb2%/g into
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the fabric. Treatment of the fabric vith sorbed lead by hot (60-70°)
vater or vashing it vith standard cleaning agenmts (soap, detergent
powders, etc.) does not lead to desorbtioam of the absorbed lead (loss
of capacity with respect to lead does not exceed 2-39/, and is within

the error range of the experiament).

It should be mentioned that ion-exchange fabrics can also be
obtaimed both by grafting appropriate mcnomers to finished fabrics or
by grafting to fiber and filasents with subsequent processing into
fabric. The selection of a certain system for producing these
materials depends on their purpose and the technical and economic

groduction indices.

Comclusion

1. Gas-phase radiation grafting polymerization of acrylic acid
or styrol (with subsequent sulfonation, chloroamethylation, and
amination) onto polypropylene fabrics is used to synthesize
ion-egchange materials wvith the folloving groups: -COOH; -SO,H;
-POgHg: -Cl.:(CI,);.

2. Ion—exchaange fabrics are characterized by a high exchange

capacity, excelleat kinetic characteristics, thermal and cheamical




stability, and homogeneity of compogition.

3. The imtroductioam into such fabrics of icns of metal greatly
increases their heat resistance and sakes it possible to use these

fabrics at teaperatures above 200°.
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Table 1. Exchange capacity of ion-exchange fabrics. KBY: (1) Graft

polymer, {2) Concentration cf g'r'af"t. pol'yl'o':, 8 /00 (3) Functional

groupe (8) cCalculated capacity, 'ng-qu/g. (5) Capacity for 0.1 normal

solutions, mg-eqv/g, (6) or, (7) Polyacrylic acid, (8) The sase,
Polystyrol, (10) *Capacity for 0.7 norsal BECl.

1€ 24
PRy ] 9* ) ") E ™ l:'o.“‘:'.'p—- P
52dle abe| @ g : 5
Mpuontod noanwep iE? “was rpynna 5"'3 (¢)
giz g8 i 1 | BB (NOWy wan
388 g e NeCl | pp (CH,COO)s
(”
Moanaxpnaosan «n-
caora 32 —COOH 4,51 4,2 0,5 2,3
(8) To xe 43 | —COOH | 6,0|5,7 | 0,6 2,6
3 54 —COOH 7,5117,3 0,7 3,4
() Moancrupoa 70 —SO,H 4,3|3,9 3,1 1,5
. e 70 —PO,H, 8,716,0 0,8 4,1
g
70 |-CHN(CH\| 2,3[2,1*( 1,7 =

(10)* Emxocrs no 0.1 w. HCL.
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L Pigure. Exchange kinetics between H'- (OH) -form of iomite and 0.1

] normal WaOH (HCl): 1 - propylene fabric with grafted
polystyrol-sulfuric acid; 2 - resin KU-2-8; 3 - propylene fabric with
grafted polyacrylic acid; 4 - resin KB-4; 5 - propylene fabric with
grafted polystyrol which has been chloromethylated and aminated; 6 -
resin AV-17-8; 7 - propylene fabric with grafted polystyrol which has
been phosphorylated; 8 - resin KBRP-5p resins with granularity of
0.25-0.5 am used; solution not mixed. KEY: (1) Depth of exchange,

%0¢ (2) Time, mine.
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Tkt 2.

m Mpounocrs na paspuns npu Teumneparypax, °C
({3 ] 20° 150° 2607
O6pasum
P P, P | |P} P | PPy

(3 Vicxonnoe  noausrureroeoe |
Boaokho ([13) 210 | 42 0 0|— 0| 0| — |
(N3 ¢ npusutolt noanakpuao- '
Boit kucaoroit (MAK) 200 | 17 160 | 14(25 0{ 0 0 1
(8)To xe nocae o6paborkn am- ,
MHAUYHBIM PacCTBOPOM YKCYCHO- |
KHCAOIT Mean 220 ( 19 | 180 [ 16{28( 150 { 13 | B8 |
{8)To xe nocae o6paborkn pa- |
CTROpOM rhapara okuch Gapun | 230 | 20 | 150 | 13|23| 120 | 10 | 19
(@) To xe nocae o6paGorkn pa-

CTEOPOM YKCYCHOKHCAOro KO- |’ :

GaabTa 20| 20 — | —=|=]130 |11 |21 4
® HMcxonwoe  nmoannponuaeHo-

noe soaokwo (M) 1600 | 54 | 240 | 8| — 0f 0f —
(9 NN ¢ npusnroit MAK (59%)| 1500 | 21 | 700 | 10/—| o o| o
09 To xe nocae 06paborkn am-

MHAYKBIM PACTBOPOM YKCyCHO-

KHCROI Mean 1F00 | 21 900 | 13| —] 6¢ 8|15

PONIN ¢ npusutoit MAK (25%)| 1400 | 35 | — | —|[— 0| 0

a)To ke nocae 06pa6oTKH aM- g

MHAYHBIM PACTBOPOM YKCYCHO-

Kucaoi mean 1400 [ 35 —_ | -] ! 300 | 830

“}'c.nouuu 0603nasenun: P —NpPounoCTL BHPaXeEHa B rpaMMax;
1 — IPOYHOCTh BLIPANEHA B PA3PHIBHBIX KHAOMETPAX B pacuere Ha Beé

BOAOKHO; P, —npounocts mmpawena » paspumubix KHAOMETPAX B pac-
4ere Ha NPHBHTOH caOii.
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Table 2. Change im strength of fibers (P) containiag grafted
polyacrylic acid and its salts at different tesperatures. KEY: (1)
Specimens, (2) Tensile strength at teamperatures, 2C, (3) Original
polyethyl;no tih.t'(rl). ({}) PR with grafted polyacrylic acid (PAK),
(5) The same after treatment by ammonia solutior of copper acetate,
(6) The sanme after treatment by solution of hydrate of barium oxide,
{7) The same after treatment by a solution of ccbalt acetate, (8)
originmnal polypropjlene fiber (PP); (9) PP with é:afted'PiK (599%,) »
(10) The same after treatment by ammonia soluticn of copper acetate,
(11) PP with grafted PAK (25%/4), (12) The same after treatment by
asmonia solution of copper acetate, (13) Nosenclature: P - strength
expressed in grams; P, - strength expressed in fracture kilometers,
calculated for entire fiber; P, ~ strength expiessed in fracture

kilometers, calculated for grafted layer.
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