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APPENDIX A

Relationship of the G-value to Radiation Grafting

In direct grafting method, radiaﬁp’p—grafting involves the irradiation of
a two-component system, 1.e. a pQ;ymef'X:argd a monomer B. Since free
radicals arise under irradiation of both the polymerand the monomer, it is clear
that the yield of gxf( will incr%ase under those experimental conditions

which minimize the'fadi 13 jqf the monomer. The rates of the two radiation

‘I‘r &
chemical events C/ké - to7; frié gadials are given by the following

expression: 4,
G-
y 2 T::;'}.L Rate
Ap ------- > 2P (0P 2+ R dap[Ap]l (A1)

-
i 4

—

—

B -——->2R" . gy[B]T (A-2)

Reaction

Here P* 45"1 a_polymeric free radical and R/a low-molecular-weight
radical or an atomé':;'ﬂp[Ap] and ¢p[B] represent the free radial yields pertaining
to polymer A, and “ﬁlonomer B respetively and I is the exposure dose-rate.
Both yields ¢a,[Ay] @and 9s[B] are expressed injmoles) of; free radicals per litre
per roentgen,; they are directly related to the corresponding Gy values (e.g. to
the free radioal yields expressed imnumber) of wadical§s per:100 €V absorbed in
the irradiated medium).

It immediatedly follows from expressions (A.1) and (A.2) that grafting

will be favoured with respect to homopolymerization

(1) if dap >> b | S ey
(2) if [A,] >>[B] : (A4)
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Consequently, the highest yields of grafting are expected in those
polymer-monomer combinations in which the free radical yield of polymer A,
is much larger than that of monomer B, and, for a given polymer-monomer
combination, the yield of grafting is greater the lower the concentration of the
monomer. Fairly large yields of grafting can be obtained even if the free
radical yield of the monomer is higher /than that of the polymer, provided one
irradiates polymer A, slightly swollen wi{l( )aonomer B.

The free radical Vield of thfamonomcr can be directly derived from the
kinetics of its radiati@% ization and from experiments with free radical

scavengers (diphenylp:

ydrazyl, | DPPH).  Typical Gr values of various
y 'i".{ J J - ]

_J%'

monomers are listed in
On the o nly, ligie information is available on the free
radical yields of pol

the basis of the Gy val

most caées these yields have to be estimated on

SEAD 4

tamed for.*l‘pw-molecular weight model substances

having a similar chemical smtctule br-ﬁ‘bm the yields of other radiation-

chemical processes involving - the part{éuht— polymer, such as cross-linking,
degradation, gas eveluti ical yields of a number of

' N
common polymers are listed in Table A-2. =

e -
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Table A-1 Free Radical Yields of Monomers Derived from Radiation
Polymerization Kinetics and from Scavenger Data

Monomer Method Gr
Butadiene , — Presumably very low
Styrene Kinetics and DPPH 0.69
Ethylene ineti ~4
Acrylonitrile 5.6

5.0
Methyl methacrylate 11.5
P} \ 5.5-6
Methyl acrylate ~ ' % \ : 6.3
Vinyl acetate ) 12.0
j' sl 06
Vinyl chloride %J” ey

/ f‘r

ﬂ‘lJEJ’J’VIEJﬂﬁWEJ’]ﬂ‘i
QW’]ﬁNﬂiﬂJ UA1ANYIAY
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Table A-2 Expected Free Radical Yields of Polymers Estimated from the

Gg Values of Model Substances

Polymer Model substance Expected Gg
Polybutadiene Low-molecular-weight 2-4
Polyisoprene } olefins
Polystyrene Isopropylbenzene, xylene 1.5-3.0
Polyethylene Low—molgdﬁl—ag-weight alkanes 6-8
Poly(methyl methacrylate) | 2
Poly(vinyl acetate) FEow-molecular-weight esters 6 or 12
Poly(methyl acrylate)’/' ’l
Cellulose / ’;, E&pré; and alcohols 10
Poly(vinyl alcohol) // fﬁ } L. 4
Poly(vinyl chloride) . / 3 Loizv-rﬂé_l_ecular-weight alkyl 10-15
Poly(vinylidene chloridé } . ‘c.ll-}-loridgs;;‘.;

Polyamides F s ety Unknown,
Fluorinated polymers e ?ﬂ_.. _ presumably
2 :{ 1 high

& o
The figures qﬁéted in this table are only crude-estimates and should not be

considered as being definitely established. They‘_arlre believed to be useful,

however, in selecting a particular polymer-menomef ¢ombination for grafting

by the direct radiation method (D).

Reference

1. Chapiro, A. Radiation Chemistry of Polymeric Systems.

New York: Interscience Publishers, a Division of John Wiley

& Sons, Inc., 1962.
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APPENDIX B

Monomer Reactivity Ratios
J
The monomer reactivity ratios fof( nfg,ny of the more common monomers
” - ‘/
in radical copolymerization aie shown ini-Tablé B-1. These data are useful for
study of the relation"between stxf‘(ucture and reactivity in radical addition
reactions. The reactivity of a m%nomer toward a radical depends on the

reactivities of both "'gqf@r_-an_figthe radical. The relative reactivities of

monomers and thei

the monomer reactivi data- The react1v1ty of a monomer can be seen by

.»}-“ L

considering the inverse of the mlonome?reactlwty ratio (1/r). Table B-2 shows
1/t values calculated from. the data mTable B-1. The data in each vertical
column show the monomer rcact1v1t1§§~gf.a series of different monomers
toward the same ngp_olmcr_mdmal_’[hmé&e first coumn shows the
reactivities of the I{wnomers toward the butadlene_radlcal the second column
shows the monmer react1v1t1es toward the styrene radical, and so on. It is
important tomote that/the datafin each-hérizonfal row in Table B-2 cannot be

compared; thejdata can only be compared in each vertical column (D).



Table B-1 Typical Monomer Reactivity Ratio! S |

Monomer 1 Monomer2—"", n 1 T(°C)
Acrylonitrile 1,3-Butadiene 0. 0.3 40
Methyl meth 1.22 80
Styrene 0.40 60
Vinyl acetate 0.05 50
Vinyl chloride 0.04 60
1,3-Butadiene Methyl methacry e 0.25 90
Styrene 0.58 50
Vinyl chloride 8, 8.l £, 0.035 50
Methyl methacrylate Styrene v"w"v—: 0,52 60
Vinyl acetatm m 0.015 60
VinyLchloride” < AR 68
Styrene Vinymtg Vl EJ ﬁj W EJ ’] ft‘jl 60
Vi i ¢ I 60
Vinyl acetate Q/ﬁﬁ% ﬂ m &JM ’] ’J w Eﬁjza EJ 60

(444



~ Methyl Methyl

Monomer Methacrylate Acrylate Acrylonitrile
Butadiene 4 20. 78 50
Styrene 2.2 5.0 25
Methyl methacrylate % 6.7
Methyl vinyl ketone 17
Acrylonitrile 0.82 A .

Methyl acrylate 0.52 0.67
Vinylidene chloride 54 0.39 1.1
Vinyl chloride 0.11 0.059 4.4 ' 0.10 0.25 0.37
Vinyl acetate . . Q 0.11 0.24

Reference Wr’n i ujml] VLEL
1. Odian, G. Principle of sqglm z@o Ql exglép ’)g or fld@‘rraw-Hﬂl 1983.

[xAR
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APPENDIX C

Viscosities of Products before and after Irradiation

Viscosities of gelatiniz

total dose are shown in 1. @ ——

Total dose Viscosity of products
(kgy) after irradiation” (cps)
5 rpm 10 rpm
% 54,000 32,000
2.5 59,000 34,000
3 68,000 42,000
35 - ,000 55,000
4 ~aul D 76,000 53,000

81,000 73,000

STy ST e ———

with a No. L'V 62 spindle at a sbear rate of ﬁrpm.

VR R SR Y i kY

spindle
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