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Hydrated cations and anions reactive towards pre-
cursors of molecular products in rediolytic media
constitute favourable solutes for preparing high mole-
cular weight polyacrylamide, The conversion and degree
of polymerization are well expressed by the formulated
equations:

K — K
qzq,01+ f275")  and Dg:%‘?-&-“ 9 (1+ 251"

The conditigns of preparing polyascrylamide having
M, of 83,5 mil.} at q~ 50 % are described,

High molecular weight (HMW) polyacrylamide has
been the subject of very many patents. Hydrolyzing the
monomer (ABKIN 1975 & PROFFITT 1$62), incorporating
acrylate salt (ANDO 1975) and/or salts of inorganic
acids (KOLODNY 1965 & SCANLEY 1968) are among the
declared methods, However, criticism on these factors
and their cooperative effects are not cited in the
literature,

Deoxygenated water was prepared by boiling double
distilled water for 15 min then cooled and stored
under nitrogen gas (KORNEEVA 1973).

Monomers or comonomers dissolved in deoxygenated
water were further deaerated by C,2 1 Nz/ml solu=-
tion at a rate of 550 ml/min,

RISP'S and RAYCHEM'S linear 10 Mev electron beam ac-
celergtors having dose~rates (D_.) of about 5 and

17x10° Mrad/s respectively were employed,
Polymer was precipitated in excegs methanol, filtered
and dried under vacuum et 50°C then 807C over P205

§

mil, stands for million and r, for rad,
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or SICAPENT to constant weight,

Viscosities of 0,1-0,02 gm/dl polymer in 1 N NaNO
thermostated at 30+0.1°C were measured agains% SO
dium nitrete blank solution for caslculating the
weight average molecular weight Mw (BARBER 1957):

N _4 _ 0.66
[”p =3,73% 10 M,

Likewise, the number average molecular weight, N ,
is determined using aqueous polymer solutions
thermostated at 25+0,1°C (COLLINSON 1957):

1= 6.8 x10~% ﬁno'“

Acrylamide at 5, 10 & 15 % in water has been ir-
radigted at varying doses under N2 o« The data are

shown in Figs.,l & 2 . 107{
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It is clear that highest polymer yield (Fig.l)
and Mn (Fige.2) are as-
soclated with 10 % acryl- -5 10 A
emide, This mostly imp=~ 10 ( A
lies a gel-effect (NORTH YN
1963), For elucidation, 5 15 .00 8
the rate of polymeriza- ‘1166 o o ;§\

. o \.q

tion has been calculated ¢ o N
from the definition: 3 W:
o:a [Monomer] %, g
Ry =-d[M _ Mg (1) =7 o
D

dD 10 A 1 )
, o 10’ 102 10 10
where [M ] is the initial Dos e in  Krad
monomer ~concentration

and D is the dose, Fig,3
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Fig,3 shows that for 5 and 15 %, Rp 18 independ-
ent of the absorbed dose up to D=550 "K.r., This is in
congsistent with the free radical theory of polymeriz-
ation (CHAPIRC 1962), At D>550 K,r,, however, R_ dec-
reases with increasing dose, This may be due to Pin-
creasing radical population end thus termination,

On the other hand, the onset of polymerization at
10 % acrylamide shows higher R_ values than both other
concentrations, This is characReristic of the gel ef~
fect, being attributed to decreasing termination(ODIAN
1970 & KOPETEK 1974) though the latter rises with in-
creasing doses, Thus, R would decrease with increasing
dose, as gseen from the ?igure.

It is worthy to note that the obtained date imply
that gelation requires a definite monomer concentra-
tion, This mostly allows formation of a spatial struc-
ture (KABANOV 1975) via some bonds. For instance, hy-
drogen bridging between amino and carbonyl groups of
neighboring molecules (LIYAGAWA 1961) and/or enhanced
molecular aggregetion due to reinforced hydrogen bonds
(CHAPIRO 1971 & 1973). These would hinder the solubi-
lity of the product gel,

On this basis, the monomer concentration has been
kept constant at 2 M/1, i.e, 14.22 % to avoid gelation.,
The dose is chosen 500 K.r, This is the highest dose
sustaining free radical mechanism of polymerization
(AZZAN),

The influence of hydroxides, bicarbonates and car-
bonates of Li, NH,, Na, K & Rb on acrylamide polymer-
ization has been étudied. The ingredients were added
to hydrolyze monomer to 30 % degree, The results are
given in Table 1 ,

Table 1 shows that hydroxides produce lowest q &

Mw . Considering reactions (2) & (3) :
CH2=CHCONH2 + MOH ——— » CH2=CHCOOM + NH3 (2)
30H2=CHCONH2 + NH3 —_— N(CHecHECONH2)3 (3)

The decrease in polymer yield could be attributed to
the monomer depletion via (3). The reduction in

may imply that nitrile tripropionamide, NPA, is a
efficient chain transfer agent (GROMOV 19743. Thus the
decrease in q & Mw is evidently due to ammonia,

Although carbonates are biacidic, they yet produce
an overall amount of NH, equivalent to that of hydro-~
xides, Thus, the higher’q & I values found with car-
bonates can be related to thelr incomplete dissociat-
ion, The pK, value of carbonic acid is 6.46 . On this



150

TABLE 1
Influence of the ﬁydrolyzing agents

Hydro- Hydroxides Carbonates Bicarbonates
lyzing -5 ~5 =5
agents q % Mw°10 q % Mw.lO q % Mw.lO
Li 9465 1,06 13.73 3.18

NH4— Te55 0486 16,57 6432 20,01 15.37
Na 9,20 0,69 18,24 2,38 24,84 18,80
K 9.03 0,66 14,97 3,56 26,12 17.26
RDb 10,08 0,53 15,06 2,68

account both the hydrolyzed acrylamide and NH., would
decrease, Qualitative tests have proved the egistence
of carbonates even after refluxing for 48 hr, Only
Li,CO0, has initiated polymerization under these cond-

it%ongo

Bicarbonates are even
weaker electrolytes, The pK
of bicarbonic acid is 10.25%,
They have thus produced hig-
her q & Mw values,

It is worthy to note that
whenever constant dose rates
and doses are employed, the

following relation (AZZAM)
holds:
S5 _100N (4)
bp - =
" 7D Gy g

where N is the Avogadro num-
ber and G, is the yield of
initiati species, This ex-
plains well the proportions-
lity between Ml end q seen
from Teble 1 ,
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Effect of acrylate salts

Acrylate salts of Na, K &
adding stoichiometric amounts

of varying cation,

Rb were prepared by
of the corresponding

hydroxides dropwise to ice-cooled acrylic acid stirred
magnetically, These were mixed with acrylamide to
total 2 M/1 then deaserated and irradiated. The results

are shown in Fig, 4 .

Fig, 4 shows that within a 0,9 to 0,2 molar ratio



of achlamide:acrylate, conversion
and molecular weight decrease in
the order Na>=K=>Rb , This is in

good agreement with the reactivity e

of acrylate towards acrylamide
(PLOCHOCKA 1971), Further, the
order of the elements is the same
for increasing cationic radii and
decreasing degree of hydration.
Thus, PLochocka and Wojnarowski
have attributed this order to the
strength of cationic binding ,
although sodium in the product
was found by flame photometry to
be much less than theoretically
expected, This casts some doubt
on the role of cations for poly-
mer segments, On the other hand,
cation hydration would reduce

the unbound free water (HALLABA
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1968) in the system. This vir- Fig.5

tually increases the monomer Influence of total
concentration, On this basis, concentration of
the conversion would increase comonomers at const,

(CHAPIRO 1962 & WILLIAMS 1968) T:3 acryligide=acry-
a

and thus Mw (Eqe 4)e

Consequently, highly
hydrated cations are favourable
for producing HMW polymer, On
this account lithium would be
the best, though its acrylate
salt spontaneously polymerizes
on removal of water, Sodium is
the next element, Its salt is
seemingly stable, q & Il are
highest at 7:3 acrylamije :
acrylate of sodium,

At [acrylemide:acrylate] > 0,9
the behaviour is complicated by
the predominance of acrylamide,
The same can be seid about co=-
monomer ratios < 0,2 .

The influence of comonomer
concentrations at this composition
(7:3) has been studied, Raychem's
eccelerator was employed in the
irradiation of samples at 500 K,r.
The resulis are shown in Fig. 5 .

Fig., 5 shows that q increases
continuously with increasing con=
centration., However, [ increases
with increasing concengration of
the comonomers up to 5,63 M/1

1

o
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N N

[Sodium acrylate]
in acrylamide

Figo6

Effect of pre-
prepared Na-acry-
late at total 2M/1.



152

then decreases, The former increase is expected from
Eqe 4 o However, the latter decrease lies at 8.4 /1,
i,es 59.7 % comonomers, This is very near if no ex-
ceeding saturation occurs (GROMOV 1974). Thus the
reasons are mostly related to a two-phase formation,

Once again, sodium acrylate was prepared, separa-
ted by a rotary vacuum evaporator st 30°C then dried
in a vacuum oven at room temperature over sicapent to
constant weight. This was employed to re-investigate
the influence of the sodium acrylate to acrylamide
retio at constant comonomer conc. of 2M/1l, Risp's ac-
celerator was used for irradiating samples at 500 K,r.
The results are shown in Fig, 6 ,

The relations in Fig, 6 are similar to the cor-
responding of Fig., 4, irrespective of changing dose-
rates, It shows once agein the validity of the co-
monomer ratio of 7:3 , acrylamidesacrylate of sodium,

The influence of C17, NOJ & 502 as sodium salts
on acrylamide polymerization-has béen studied, Acryl-
amide, hydrolyzed by NaCOH or NaQCO to 30 %,, was
heated to near boiling to expel amﬁonia, then left
overnight prior to mixing with salt solutions and
irradiation, The

results are shown

in Fig. T

Fig, 7 shows
once more that g
is higher with [Nagso,] in  MiL
carbonates than 0 0204 06 08
with hydroxides. 190 —
This further
consolidates 80
results of item
(2) irrespective 260 Naci
of changing am=- o»0 Na
bient conditions, %40 m—{JNaN03}N32C03
i,e. the presence P 0 —— &BNayso,
of solutes., More-
over, the vari-
ation of q with 0 2 4 6 8
increasing con- :
centration of & [Sotute] in ML
given anion has
more or less
the same pattern
irrespective of Fig.7
the hydrolyzing Influence of neutral salts of sodium
agent, This can on acrylamide polymerization,
be attributed

T T

®—e NacCl
s-+8 NaNO3 yNaOH
O A--A NajySQy
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tg thi effect
of solutes on
precursors of ﬁ([NaZSOA]}
the molecular 0 6 8 x10-3
products H, T T T "
or H,0,(ANBAR : B
19687& VERES~- 2 s
HCHINSKII | ,’ e NaCl
kNaOH

1964). This Ly & NaNo
can be expre- % o ans
ssed by: q
i IS T 0 BT
VAR AR

L , A.....A Naz 501.

(5)
where GM ref-
ers to GH2 or
G . 0

H2O2 while Gy
is the same at
the solute ac-
tivity [S]) = O3
kl & k2 are ' Fig.8
rate constants Graphical determination of k2/kl
of the reactions
of the precursors with water and solute, respectively.

Eg.5 in terms of conversion becomes:

_19:1-—-‘5-2:'1![5]n (6)
q

——1 1:2[57 (7)

and taking the logarithms, n was calculated, Insert-
ing the value of n into Eq.(6), k /k were found gra-
phically from Fig, 8, Knowing the coistants, the

TABLE 2
The constants of Eqs. 5-9

Solute/Concentr- Hydro- Solute acti- Rate constants

O—x O NacCi
O-- -0 NaNO3 Na,CO,

O D Nay SO,

Rearranging Eq.b6

ation range lyzing vity power gsolute : water
M/1 agent@ n k2/kl
NeCl 0,86-3.42 NaOH 0,26+ 0,06
NaCl 0.86-5.13 NayC0, 1+2220.34 0.,21% 0,04

NalO, 0,59-2.35 NaOH ~ -1,8940,22 - 0,08+ 0,01
NeNO3 1.18-5,88 Na,COy -0,40¥0.04 = 0,45k 0,005
Ne,SO, 0.,14-0,35 NaOH 154,00112

2 . +
Nagsoj’r 0,07-0,35 Na,C0, +54£0+57 70.,00%21

@ Calculated amounts for 30 % hydrolysis of acrylamide,
the concentration of which is 2 M/1 ,
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influence of neutral solutes, S, on the conversion, q,
relative to q, ,at{S]=0 could be foreseen from:

azq,(1+ -E%[SJ") (8)

All the lines drawn among the experimental data pree
sented in Fig,(7) are based on Eq,(8), Thus, the va-
1lidity of the equation is evident,

From Fig,T it is clearzzhat_the polymer yield
decreases in the order SO, >Cl > NO, ,

Moreover, from Egqs.(4) end (8) one gets:

= 100N Kk n

B=per &1+ 205 (9)
Knowing a single value of M. at a given solute activity,
the constant of Eq,{9) can be evaluated, although the
average of two values has
been employed, Fig.9 is
en illustrative example,

Fig, 9 shows that the
number average molecular
weight is decreasing i&_
the order N03>Cl > SO4 .

For C1™ & Soi'the 1imit-

ing values are governed
by the solubility of the
salts in water, However,

NO3 has shown that k2/k1

ratios change sign at
[sodium nitraté>7 and
< 0,5 M/1, This mostly

implies a change in mech- 0 — 0
anism of the radiolytic 0 2 4 6 8
transformation beyond [Solute] in M1,
these concentrations, It

may be related to the Fig,9
particular behaviour of Effect of solute on Mn

NOS involving dispropor-

tionation of the NO,-intermediate product., For instance:
NO; + H —_— NO2 + OH™ (10)
2NO, + Hy0 —— HNO, + HNO, (11)

Eqs.(10) & (11) show that two H-atoms are consumed in
the reduction of one NO,-anion, The higher reactivity
of NO, hes seemingly inéreased Mn ,a8 compared to Cl

or SOZ-(Fig. 9), This may be attributed to decreasing
terminétion. Practically, 10 % NaNO., has increased N
from 8,64 to 18,13 mil, undexr the pgesent experimentgl
conditions, Thus, it is concluded that anions reactive
towards precursors of the molecular products are
favourable for preparing HMW polyacrylamide., However,
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at [solute]>5 M/1,_the Mn value in the presence of Cl~
exceeds that of NO, , pogsibly because of changing
mode of radiolytic” transformation.,

It is concluded beyond much doubt that ammonia
effectively terminates acrylamide polymerization in
solutions possibly via formation of NPA , Table 3
summarizes some of the relevant data,

TABLE 3
Change of q & Mw with removal of ammonia
Run RESULTS
No, Experimental Conditions q % Mw.10-6

1, Direct addition of NaOH(0.3) to
acrylamide(l,0) in solutions prior

to irradiation, 9,20 0,07
2, Heating acrylamide(1,0) with NaOH
(0.3) near to boiling 18,40 1,87

3, Heating acrylamide(0,3) with NaOH

(0.3) then leaving overnight before

adding acrylamide(0.7). 18,00 8,64
4, Neutralizing acrylic acid(0,3)with

NaOH(0,3)then adding acrylamide(0.7)20,47 6.T4
5. Mixing pre-prepared sodium acrylate

(0,3) with acrylemide(0,7) 21,50 21,62

The numbers in brackets are the fractional molar
concentrations of the ingredients,

Table 3 shows that q & have increased from run
1 to 2 by heating the hydrolyzing media to expel NH, .
Further increase in by 4.6 fold has been achieve

in run 3 by separating the hydrolyzing media from re-
maining monomer to avoid contact of the latter with
ammonia, In_run 4, evolution of ammonia has been avoi=-
ded though has decreased while q has increased, In
run 5, the s88lt is dried before application, This has
increased both q & Mg « Thus, the reasons for the low
value of run 4 are not clear, They may be related
t0 some NaOH contamination or macromolecular struc-~
ture if not being fortuitous.

Keeping the monomer concentration beyond gelation
results in sustained solubility of polyacrylamide in
water, Practically, irradiation of 14,22 % acrylamide
having 30 % pre-prepared sodium acrylate produces
polyacrylamide with M_=21,62 mil, at q=21.5 % . In=-
creasing the comonome¥s to 40 % increases both q & M
to 58,27 % and 39,78 mil, respectively. Replacing
water by 10 % NaN03 solution results in a further in-
crease of MW to 83747 mil, whereas q is reduced to 50%.
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