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ION — E X C H ANGE PROPERTIES OP NATE BIA L S OB TAINED BY RADIATIO N GRA F TING

POLYN E RIZATIOR OP ACRYLIC ACI D AND STY BCL F R O N GAS P H ASE ON

P O LYP R OPYLENE FIBE RS AN D FABRICS

N. I. Bold yrev , A. V. Vlasov , Ye. V. Yegorov , Ye. S. Ko lesnik , S. B.

Nakar ova , L. I. fla lakh ova , L. G. Toka re ~a, B. L. Tsetlin

Ion—exchan ge fibers and fabrics which contain certain f unc tional

groups have a nuaber of advantages over standa rd resins: They can

serve sisu ltaneously as ion—exchange and nechanical filters; their

as. is particularl y pro nising in for mulati ng co~t inuous processes;

sinc e the y hay, a developed surface , they at. charac terized by high

exchange rat .s~
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Usuall y csti3n— and ion—exchange materials are obtained eithe r

directly f tom fiber—for ming polymers whic h contain ion—exc hange

groups or polymer— analogous conversions. ~he production of

ion—exchan ge fibers and fabrics by the radiat ion-chemical method (1]

also appears very promisin g. Until now these were obtained by

radiation grafting polymerization from the liquid phase (2— * 3.

Rh. object of the present article is to study the exc ha nge

processes of i.u-.xchange grafting mater ials based on polypropylene

fiber whic h are obtained by the method of radiation graft

polymerization from the gas phase during irradiation of the or iginal

fiber s and fabrics dir ect ly in th. vapors of t he monomer. As we know ,

this grafting method eliminate s honopolynerization and mak es it

possible t o obtain two—layered fibers, the outer portion of wh ich is

the layer of the graft poly mer (5, 6). In the pro posed var iation the

graft poly mer change are connected directly to the substrate by

C— C—bpmds, which causes the high resistanc e of ion—excha nge ma teri als

under conditions of repeated action by corrosive media and long— term

use.

Experimental Part

lere we studied specimens of propylene fabric (article 25337) on

_ _  _ _ _  _ _  
_~~~~~_ ::~~~ ~~~~~~~~~~~ _ _ _
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whic h the gas—phase met hod was used to graft polyac tylic acid or

p.lystyrol. The radiation grafting polymerization reaction was

achiewed on a pilot device where y— radiation of CosO was used as the

source [7]. 
V

Ihen acrylic acid was used as the original monomer, synthesis of

the ion—exchange fabrics consisted cnly of a single graft stage. In

order to impart the ion—exchange proper ties to specimens of

pelypropylene fabr ic containing a graft polystyrol, these were

subjected to sulfomation by concentrated sulf uric acid in the

presence of a catalyst (aluminum trichioride ) or ph osph ory lation by
V 

phosphor us trichioride in this presence of aluminum t ri cklor ide with

subseRuent oxidation of the product by nitric acid. An ion—exc hange

fabrió wit h stro n —alka lin e groups was produced as the result of

ch lorome th ylation of the grafted polystyrol by .onochloro.ethy l ethe r

(ester) is th . presence of a caty ist (stannous tetrac blor ide) and

terther amination of the chloromet hylated copolymer by an alcohol

solution of trimetbyla.in..

In investigat ion of the prop rties of ion—exchange fa brics

re vealed that the capacit y of the studied specimens was high and

close to the calcu lated value (Table 1).

On. of the main advantages of ion—exchang . of fabrics 
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synthesized by the described method is that such materials are stable

during use. Thus, in a fabric with graft polyacrylic acid , after 30

sorpt ion—desorpti on cycles (0. 1 normal IaOH—0 50 0.1 normal MCi), the

original capacity decreased by only 5—10e/~. For graft fabrics
+

conta ining the groups —SO~R, —P01H1 and .CB5J(CB3)5, this treatment

is accom panied by losses of 3—1OS/~ of the original capacity. At the

sane time in ion—exchange of fabrics obtained by the usual che mica l

grafting there is frequently a 1S—30O/~ decrease in the exchange

capacity after several cycles. This difference Is apparently a result

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

strong chemical bonds of the C—C—type between macromolecules of the

origiaal fiber and the graft copolymer are formed , as was noted

aboveb

euerally ion—exchan ge mate r ials at. described by significant

beterogen.ity. Tb. method of gas—phase radiation graft pol y merization

made it possible to synthesize an ion—exchange fabr ic with a high

degree of bomogeseity:

Sp.cimes numb.r 1 2 3 S 6 7 8

Cagacity , •g—.g v/g *.3 •.* ~.i *. 2 *.1 ~.7 .3 ~ .3

_________ - ---— - - -~~~~~~~~~. - ~ -
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Due to the fact that functional groups of sy nthesized ion ites

are locat ed on the sur fac. and that the exchange of ions is not

limited by diffusion in the phase of the sorbent, the rate of

ion—exchange on synthesized fabrics is significantly higher than on

standard resins (figure). The capacity of graft two—layer

(particularly those based on graft polyacrylic acid) cation—exchange

materials to react with replacemen t of the hydrogen ion of the acid

groups by cations of different metals with formation of salts of

polyme r acids can be used to obtain fibrous materials with a high

copceatration of bound meta l. The introduction of significant

quanti ties of a certain metal into the two—layered material nay lead

to a substantial change in the physical aid physicochamical

properties of the materia l, for example, the thermal properties of

fibers wit h a graf t layer of polyacr ylic acid and its salt s (Table

2). Polyeth ylen. and polypropyl ene fibers wit h a graft layer of

pslyadr ylic aci d retain a high degree of strength up to temperatur es

cm th. ord er of 150° , although above 170-200° they loose their

st rength •nt ir ely as a result of the thermal decarbox y lation

reaction.

Fiber s wit h a graft layer of salts of polyscrylic aci d, obtained

by treating the osy gea form of graft copolyners with solut ions of

appropr iat e metals, retain their mechanical strength at nuch higher

te mp.rstur .s. Thu is the result of the greater thermal re sistance of

- —~~~~~~~~~~~~~~~; 
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salts of polyacrylic acid as compared to the polymer acid itself.

For absorption of large quantities of caticns of certain ietgls

(for the purpose of achievi ng complete exchange capacity af the

V 
fibers) conditions for conduct ing the exchange reaction mu st be

selected in each specific case. This can be illustrated using as an

example the introd uction of lead into graft  fabrics.

~f  an ion—exchange fabric containing groups —COON is treated by

0.1 normal solutions of lead acetate or nitrate, then only 100/, is

substituted. If, however, the fabric has been pretreated with a 6°/s

solution of ammonia and rinsed in water, then after contact with 0.1

normal solution of lead salts, then lead can be introduced up to

251/, of the original capacity. Finally, if after the ammonia

treatment the fabric is dr ied and the lead absotbed , th en the

ca pacity wit h respect to PB ’+ nay constitute more than 100 0/, of that V

which is theoretically possible . Pot example , we can use this method

to introduce into a fiber with a total exchan ge capacit y of 6

ug—eqv/g up to 7—8 mg—egv Pbl#/g from a saturated (at roo m

temper atur e) solut ion of lead acet at e or nitrate. Here the obtained

ca pacit y is abo v, the total exchange capa city , this is cau sed by the

fact that lead i. sorbed on the fabric not only in the for m of Pb a#,

but also in the for,  of complex ions of Pb (CH 3COO) . The s of basic

lead acetate makes it possible to introduce 11—12 mg—eqv Pb ”/g into

L 
_ _ _ _ _ _  _ _ _ _ _ _  _ _  _ _ _ _  _ _ _ _ _

_ _  _ _  _ _ _  -
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the fabric . Treatment of the fabr ic with sorbed lead by hot (60~700)

water or washing it with standard cleanii~g agents (soap, detergent

powders, etc.) does not lead to desorbtion of the absorbed lead (loss

of capacit y with respect to lead doss not exceed 2—30/, and is within

the error range of the experiment).

jt should be mentioned that ion—exchange fabrics can also be

obtained both by grafting appropriate monomers to finished fabrics or

by grafting to fiber and filaments with subsequent processing into

fabric. Th. selection of a certain system for producing these

materials depends on their purpose and the technical and economic

prod uc tion indices .

Conclusion

1. Gas-phase radiation gr aft ing poly merization of acrylic acid

or styrol (with subsequent sulfonation, chioromethylation, and

amination) onto polypropylene fabrics is ~ised to synthesize

ioa-epckam ge materials with the follow ing groups: —COO N ; —So 5H;

—P 0 555; —C151(CM,) ,.

2. Io n-exchan ge fa brics are characterized by a high e xchange

capacity, excellent kinetic characteristics, thermal and chemica l

L 
~V :I~I:II~~ ~~~~V ~~~~~I~~~ITV~~~1V1~~~ ;11~~~~~ V~~~~~~~~~~~~~~: ± ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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stabi lity, and homogeneit y of composition.

3. the introd uction into such fabr ics of ions of metal greatly

increases their heat resistance aid makes it possible to use these

fabric s at temperatures above 2000 .
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1!able 1. Exchange capacity of ion—exchange fabrics. KEY: (1) Graft

polymer , L2) Concentration cf graft  polyser, 0/., (3~ Functional

group, (*) calculated capacity, mq—eqv/g, (5) Capacity fGr 0.1 nor mal

solutions, mg—eqv/g, (63 or, (7) Polyacrylic acid, (8) The same, (9)

Polystyrol , (10) *Capacity for 0.1 normal E d .

— 

(q) EMIOCTI, no 0,1 a. pIC?$Sp N,
C.) S -

!l pslaNTo* NOiNNI p 
~~
‘ 

~~~~~~~~~~~~~~ ~ 
— — - (

~)V S X ~‘ ‘ Pb (NOt), l.a..5 ~~ 
,~, NuOft N.C~ Pb (CH~COO),

(7)
flosna.cp.uoaa, KR-

CAOT$ 32 —cOOfI 4,5 4 ,2 0,5 2,3
(1) To ae 43 —COOH 6,0 5,7 0,6 2,6

54 —COOH 7,5 7,3 0,7 3,4
(4’) flo..wc~wpoju 70 —SO,H 4,3 3,9 3,1 1,5

70 —P0,H, 8,7 6,0 0,8 4 ,1
+

70 —CHIN CHI)S 2,3 2,1’ 1,7 —

(.4. EMHOCTb no 0.1 H. HCI.
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Figure. Exchange kinetics bet ween a”— (OH) tor . of ionite and 0. 1

normal liO N (HCL) : 1 — propylene fabric with grafted

polystyrol—sui f uric acid; 2 — resin KU— 2—8 ; 3 — propylene fabric with
V grafted polyacrylic acid; Is — resin KB—i; 5 — propylene fa bric with

grafted polystyrol which has been chlorosetbylated and aminated; 6 —

resin AY-17— 8; 7 — propylene fabr ic wit h graf ted polystyrol which has

been phosphorylated; 8 — resin KBP—5p resins with granular ity of

0.25—0.5 mm used; solution not mized. ElY : (1) Dept h of ex change,

0/s, (2) Time, m m .

V - - —  V V  V - V V V  
~~~~~~~~~~~~~~~~~~~~~~~~ V V~~~~~~~~~ ~~~~~— —--~~~- - V _ - _
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($~~flpo’.NeT.. NI ~ SI~ l.U 11pM Tfl.flIpIT~~pS*, C
(.) V 

w
O6puuH — — _V_V_V 

—

P P, P p, p1 p p, P,

(J) Hczo~ uoe nolusTnaeHoaoe
BOJIOKHO (113) 210 42 0 0 — 0 0 —(q)fl3 C npHBuTOil noJnIaIcpuao.
eofl ci.caorolt (FlAk) 200 17 160 14 25 0 0 0

(3)10 ace nocie o6pa6ot cu aM-
Muaqu M pacTuopo yRCyCHO-
KHCAO~I Me*H 220 19 180 16 28 150 13 23

we nocae o6paOOT cH pa-
cYmOpoM riupaTa ocucH 6spHu 230 20 150 13 23 120 10 19(p) To we nocae o6pa6oTIcu pa-
cTBOpoN yKcycuolc llcJ oro HO. -

6ajn,ra 230 20 — — — 130 Il 21
(I) llcxojuioe nOaI nponhiaeuO-

aoe 11OJOKNO (1111) 1600 54 240 8 — 0 0(4~flfl C IIPHRNTO* f lAk (59%) 1500 21 700 10 — 0 0 0b.)To we nOcAe O6pa~OT cu 3M-
MH*MHNM paciiOpou yiccycuo-
IcNcaOii Mean IrQO 21 900 13 — 6P 8 IF~(a.)nn c upunnioli f lAk (25%) 1400 35 .— — — 0 0

we nocj e o6pa6oTKn aM-
Mua’lHuM pacnopow yiccycno-
KHCAO I1 MeAl 1400 35 — — - 300 8 30

oøO3Ha’lescug: P — npoquocTb uwpa*eua a rpucuax;P1 —npoql;ocTb l wpaace a A paapbrnub.x ululoMelpax a pacqe~e ii. icCaoaoNuO; P,— npoquoc m MMpawesa a pa3parnHhIx KHIOMeTpaX a par-
~0Te Ha IIpN.HTO6 cj uoA .

VV ~~~~~~~~~~~~~ V VVV V V V V V . V V V V V V V V  ~~~__~~~~~ — — — - -  . _ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ 
~~~~~~ - - - -



V- V --V.-- V

V V — ~~~~~~~~~~~~~~~~~~~~ -V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -_  ~~- --~~~~~

DOC ~ 0195 PAGE 
~~~

Table 2. Chan ge in strength of fibers (P) containiag grafted

polyacrylic acid and its salts at different temperatures. KEY: (1)

Specimens, (2) Tensile strength at temper atur es , °C, (3) Original

polyethylene fiber (PB), (Is) PB with grafted polyacrylic acid (PAK),,

(5) The same after treatment by ammonia solution of copper acetate,

(6) The same if tot treatment by solution of hydrate of bar ium oxide.

(7) The same after treatment by a solution of cobalt acetate, (8)

Original polypropylene fiber (PP), (9) PP with grafted PAN (59 O/~~) ,

(10) ?he same after  treatment by ammonia solut icn of copper acetate,

(11) PP with grafted PAN (25°/s), (12) The same afte r treatment by

ammonia solution of copper acetate, (13) Homenclature: P — strength

expressed in grams; P~ — strength expressed in fracture kilome ters,

calculated for entire fiber ; Pa — strength expressed in fracture

kilometets, calcul ated for grafted layer.
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