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Abstract

The grafting of acrylic acid in aqueous solution to polyvinyl chloride fibers
has been studied in the presence of ferrous, ferric, and cupric salts.

The mutual irradiation technique was adopted using a Co-60 source or a Van
de Graaff accelerator.

The grafting and homopolymerization were suppressed by the cations. Par-
ticularly the grafting was suppressed by the cations in the following order of
effectiveness: Cu?t)Fett)Cu’t.

The rate of grafting (in %/hr) was proportional to the (.76th power of the
dose rate over the range from 8.5X10® rad/hr to 1.4X10° rad/dr.

The apparent activation energy for the grafting was determined to be 6.1
Kcal/mole between 25° and 75°C for the mixture of AA~H,0-(CH;Cl);, contai-
ning Mohr’s salt, 4X10-% mole/1.

The increase of the grafting was observed when total dose and dose inten-
sity were raised, or when ethylene dichloride as a swelling agent was satu-
rated in the monomer mixture.

The grafted polyvinyl chloride fibers showed considerable improvement in
moisture regain, heat shrinkage, and melting properties, but tensile properties
were not significantly affected by grafting.
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1. Introduction

Most radiation grafting studies have in-
volved the copolymerization of a monomer
in the gaseous or liquid phase with a solid
polymer~® and are heterogeneous in nature.

A few reports have appeared on homogen-
eous system in which the polymer is dissolved
in the liquid monomer!®.

In this work radiation grafting of acrylic
acid onto drawn polyvinyl chloride fibers was
carried out with a direct irradiation immer-
sion technique using r-rays from a Co-60
source. For comparison, some of experiments
were performed with an impregnation tech-
nique using electron beams from a Van de
Graaff accelerator.

The rates of grafting and homopolymeriza-
tion of acrylic acid were suppressed by salts
such as Mohr’s salt, cupric sulfate, and ferric
chloride. In the absence of these salts gel
formation was proceeded very rapidly and
prevented separation of grafting fibers from
gelled homopolymer.

The presence of ethylene dichloride in the
monomer mixture was obserbed to accelerate
the grafting. Particulary low concentration
of homopolymer inhibitor was effective in
raising the graft efficiency. The graft eff-
iciency also depends on the extent of the
swelling of polyvinyl chloride fibers.

For the grafting systems, most parts of
the grafting rates were increased sharply in
the initial stage of the copolymerization.

The kinetics of the grafting of acrylic acid
and 4-vinylpyridine to poly (tetrafluoroethy-
lene) were studied by Chapiro!¥,

Although no quantitative studies appear to
have been made on the effect of metal ions
on radiation grafting, the sitution with res-
pect to their role in 7-initiated solution poly-
merization has been clarified in the report
by Huglin and Johnson!®, which provide a
useful basis for this note concerned with the
mutual irradiation of aqueous acrylic acid-
polyvinyl chloride fibers in the presence of
the three cations.

In investigating mechanisms for the process
of chain termination by transition metal ions,
a quantitative studies were carried out.

2. Experimental

2-1. Materials

Drawn polyvinyl chloride fiber denoted by
Teijin Ltd., Osaka, Japan, was utilized in
slacked state or stretched state without any
purification.

Acrylic acid monomer was made inhibitor-
free by vacuum distillation. All reagents
used in this work such as Cupric sulfate,
Mohr’s salt, Ferric chloride, Sodium bicar-

bonate, and Calcium acetate were pure grade.

2-2. Irradiation

Radiation was effected by 7-rays from 2000~
and 10000-Curie Co-60 source, or by electron
beam from a Van de Graaff accelerator at
Osaka Atomic Energy Research Institute,
located in Japan.

Dose rate of r-rays was from 8.5X16? rad/
hr to 1.4Xx10°rad/hr, and that of electron
beams was 0.1 Mrad/sec.

2-3. Procedure -

Sample tube containing Ca., (.1g of poly-~
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vinyl chloride fiber and 4 ml of a solution
composed of 50% acrylic acid, 40% aqueous
and 10% ethylene dichloride
was circulated by nitrogen gas.

salt solution,

The overall concentrations of salts added
were varied to the condition of the work,
the values being 41074, 1X107%, 1X1072, 4
%1072, and 8x10~2 mole/1.

Sample tube was sealed under nitrogen gas,
and kept in refrigerator overnight before
irradiation.

After irradiation,
immediatly after removal from the source to

each tube was opened

minimize post irradiation effect. Sample was
extracted with hot water at 50°C for 5 hr,
and dried to constant weight in vacuum.

In the case of electron beams, sample im-
mersed in a solution of monomer mixture
was wiped off with filter paper, kept in alu-
minum foil, sealed, and irradiated at the
dose rate of 0.1 Mrad/sec.

Another procedure was then adopted to
determine the per cent of homoplymerization.

After irradiation, all the reactants were
poured in petri dish, and dried in Hood for
2-3hr, and then dried in vacuum at 50°C for
overnight.

After weighing the dried reactants, homo-
polymer was extracted with the method men-
tioned above.

The amount of the salt solution added was
also considered in determining the per cent
of homopolymer.

3. Results and Discussion

8-1. Effect of Inhibitor Concentation
on Grafting

Preliminary experiments of grafting of ac-
rylic acid to polyvinyl chloride fiber resulted
in a crosslinked gel. The separation of the

entrapped fiber from the gel for graft percen-

tage was a difficult and lengthy procedure.

Various metal salts such as Mohr's salt,
Cupric sulfate, and Ferric chloride were utili-
zed as a scavenger to reduce the homopolymer
formation.

The results of the effects of Mohr’s salt
and Cupric sulfate on grafting at the dose
rate of 1.4X10°rad/hr are shown in Fig. 1.
and Fig. 2. It is seen that grafting first in-
creases sharply with irradiation time and
finally tends to level off with further increase
in the irradiation time, except at the concen-
tration of Mohr’s salt, 1.4X107¢ mole/1.

It is seen in Fig. 1. that the per cent of
graft increases with diluting the concentration
of Mohr’s salt.

This may be due to “gel effect”. Namely,
under low concentration of homopolymer in-
hibitor, the termination rate is low because
the viscosity of the reaction medium is high
and the mobility of the macroradicals is rest-
ricted. And so the net result woult be an
increase in the grafting yield.
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Fig. 1. Effect of Mohr's salt on the grafting
of acrylic acid ento polyvinyl chloride
fiber at the dose rate 1.4X10° rad/hr.
Concn. of Mohr’s salt; (Q) 4X10-*
mole/1, (@) 1X10-*mole/1, (X) 1X10-2
mole/1, ([]) 4X10-2 mole/1.

Monomer mixture; AA: H,0: (CH,C)),
=50:40:10, Irradiation temp.} room
temp,
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Fig. 2. Effect of cupric sulfate on the graf-
ting of acrylic acid onte polyvinyl
chloride fiber at the dose rate 1.4xX10°
rad/hr.

Concn. of cupric sulfate: (X) 4X10-*
mole/1, (O) 1X10-*mole/1, ((I) 4X
102 mole/1.

Monomer mixture; AA: H;0: (CH,Cl),
==50:40:10, Irradiation temp.; room
temp.

It is shown in Fig. 2 that unlike Mohr's
salt, diluting the concentration of Cupric sul-
fate did not result in a significant difference
in the grafting yields. Acrylic acid grafted
This
may be due to the complex formation of Cu-
SO, with polyacrylic acid.

samples were slightly bluish in color.

8-2. Effect of Concentrations of Swelling
Agent and Monomer

The effects of acrylic acid and swelling
agent on grafting were studied.

When ethylene dichloride as a swelling
agent was added in the monomer mixture,
the per cent of grafting at a given radiation
dose was increased considerably according to
the solubility of ethylene dichloride.

The result of the solubility of ethylene di-
chloride in the monomer mixture is shown in
Fig. 3. Preliminary study on grafting with
monomer mixture-ethylene dichloride indicated
that above solubility of swelling agent, the
fiber is damaged due to over-swelling.
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In this experiments, hence, the concentra-
tion of ethylene dichloride in the monomer
mixture was not beyond the solubility.

The grafting yield was raised with increa-
sing acrylic acid concentration in the saturated
solution of ethylene dichloride (Fig. 4).

It is supposed that the swelling of polyvinyl
chloride fiber is caused mainly by sorption of
ethylene dichloride, and consequently the
amorphous regions loosen and become acce-
ssible to monomer and result in increasing

the grafting yields.

3-3. Effect of Inhibitor and Radiation Do
se on Grafting with Electron beams

Polyvinyl chloride fibers were impregnated
with aqueous solution of the monomer mixture
and irradiated with electron beams from a
Van de Graaff accelerator, which is placed
in Osaka Atomic Energy Research Institute.

The results of effects of homopolymer in-
hibitors such as ferrous and ferric ions on
grafting are shown in Table 1. The per cent
of grafting was increased with the total dose
over the range of 0.1—0.8 Mrad.

Comparing the effects of ferrous ions with
those of ferric ions on grafting, no signifi-
cant differences in the grafting yield, mo-
nomer-conversion, and graft efficiency were
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Fig. 3. Solubility of ethylene dichloride
added in acrylic acid solution,
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Table 1. Effects of inhibitors on the grafting of acrylic acid onto polyvinyl chloride fibers
with Van de Graaff electrons (1.5 MeV).
Monomer mixture; AA: H,0: (CH,Cl),=60:20:20
Concn. of inhibitor: 2X10-2mole/1, Dose rate; 0.1 Mrad/sec.

Pick up | Pick up Weight | Apparent . 1. . | Graft
Dose I of mixt. [ of AA increasewl graft ’Converswn ( Utilization ! efficiency
Mrad | %) | %® % (C) %MD) | %c/B) | %0/B) | %m0
0.1 62.6 37.6 12.3 7.5 32.7 19.9 61.0
(Fet) 0.2 3.7 26.2 28.4 21.4 100 81.7 75.4
0.4 4.8 32.9 35.6 30.2 100 91.8 84.8
0.8 61.3 36.8 38.4 32.6 100 88.6 84.9
0.1 51.9 31.1 18.0 12.0 57.9 38.6 66.7
(Fet++) 0.2 47.7 28.6 29.1 22.4 100 78.3 77.0
0.4 65.9 39.5 38.2 3.7 96.7 80.3 83.0
0.8 54.5 32.8 36.2 29.4 100 87.6 81.2
240 240 240
200k AA.Hp = 30:70 (3'5“)200_AA2H20- 50:50 (13.4cgy //
160 f3cc 160
10 cc 49 ¢¢
120 120t
e 6cc
s 8- 1o 3
] AAIHO = 70:30(50.4c0)
o
i 0 10 & a0
3ce /_____./’5‘29,"
0 10 20 30 0 10 20 30 ) 10 20 30
Irradiation time, min.
Fig. 4. Effect of ethylene dichlride on the grafting of acrylic acid onto poly-
vinyl chloride fiber.
Concn. of Mohr’s salt in acrylic acid solution; 2X10-®mole/1, dose rate;
1X10° rad/hr. The numbers on the curves mean ml of ethylene dichloride
added to 100 ml of aqueous solution of acrylic acid.
noticed. ple picked up in the monomer mixture was

To investigate monomer-utilization on gr-
afting with electron beams, the following
two procedures were tried.

In the first procedure (process A), sample
immersed in the monomer mixture was pic-
ked up, kept in aluminum foil, and irradi-
ated with electron beams for the grafting
(process A).

In the second procedure (process B), sam-

wiped off with filter paper, kept in aluminum
foil, and irradiated for the grafting.

The results are shown in Table 2. It was
found from the results that the per cent of
grafting in process A is higher than that in
process B. However, monomer-utilization,
and graft efficiency
were higher in process B than those in pro-
cess A,

monomer-conversion,
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Table 2. Impregnation grafting of acrylic acid onto polyvinyl chloride fibers with Van de
Graaff electrons (1.5 MeV).
Monomer mixture; AA : H;O : (CH,CI),=60:20: 20
Concn. of inhibitor; 2X10-2mole/1, Dose rate; 0.1 Mrad/sec.

Pick up Pick up Weighi:v T Apparent . e - Graft
Dose of mixt. |A~ of AA ‘ increase graft ’ Conversion J Utilization ; efficiency
Mad | %) | %® | %© %MD | %(C/B) | %(D/B) | %(D/C)
0.2 326 196 55. 3 31.9 28.2 16.3 57.7
As 0.4 358 215 91.3 45.4 42.5 21.1 49.8
0.8 296 178 144. 4 81.4 81.1 45.7 56. 4
0.2 43.5 26.1 28.4 21. 4 100 81.9 75. 4
B? 0.4 43.0 25.8 28.5 24.9 100 96.5 87.4
0.8 58.5 35.1 35.7 31.3 100 89.2 87.7

A*=Carrying out in impregnated state B*=Padding method

It was supposed that wiping off monomer
mixture with filter paper, homopolymeriza-
tion is considerably reduced and so this leads
to higher utilization percentage in polyvinyl
chloride fibers swollen in monomer mixture
and consequently higher conversion percen-
tage and grafting efficiency.

3-4. Mechanisms of Cation Ions on
Grafting

The salts utilized were ferrous ammonium
sulfate, ferric chloride, and cupric sulfate.
The three cations display similar characte-
ristics (Fig. 5), the reduction in homopoly-
merization being greater the higher the ion
concentration (mole/1).

At very high concentration (8x10-2 mole/
1) the suppression is almost complete, but
this practical advantage is obtained at the
expense of grafting efficiency (Fig. 6).

The broken vertical lines (in ferric jons)
denote the points for which a marked incr-
ease in viscosity was observed, and above
the broken lines (1X10-2mole/1) reaction
heat was raised sharply although the irradia-
tion was carried out at room temperature.

In the absence of any metal cations gel

formation was proceeded very rapidly and

prevented any estimation of homopolymeri-
zation and grafting.

From Fig. 6 it is supposed that the cations
decrease the grafting in a similar fashion
to homopolymerization.

The order of effectiveness in suppressing
grafting is Cu**>Fe**>Fe*t and we are acc-
ordingly studying the kinetics of grafting in
the presence of 10~* mole/1 ferrous ions. This
concentration of ferrous ions is eminently
suitable, for at lower ones the homopolyme-
rization is excessive, while the suppression
of grafting is too great at higher ones.

In the simultaneous procedure, the radiol-
ysis of all components of the solution are
factors in initiating graft copolymerization.

It was reported by Huglin'® that the ra-
diolysis products of water (in the absence of
oxygen: OH, H and e-aq.) may be expected
to play a significant role as the reaction me-
dium comprises 90% (V/V) of water.

Below pH 3, the solvated electron has a
very short lifetime and as the pH of the me-
dium is 2.5—3.0, solvated electron reactions
will be omitted from consideration.

In this work the reaction medium comprised
40% (V/V) of water, and the irradiation was
not carried out under vacuum, and so it is
supposed that the radiolysis products of water
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Fig. 5. Dependence of homopolymerization on
concentration of added cation ions:
(a) Fe3+, (b) Fezt, (¢) Cu?*
Dose rate; 1.4X10°rad/hr
Irradiation time and temp. ; 30min. and
room temp.
Monomer mixture; AA : H,0 : (CH,Cl),
=50:40:10

may not be expected to play a significant role
on grafting.

The effect of Cu?t and Fe®* on the r-initi-
ated polymerization of aqueous acrylamide in
acid medium has been investigated by Collison
et al.®, who suggested that radical termi-
nation occurs by an electron transfer process
from a propagating polymer to a d-orbital of
the cation,

In the light of these and our own findings
it is proposed that termination by metal (M)
cations in a similar fashion as Nylon'® proc-
(1) and (2) for the
cupric and ferric systems and as shown in eqgs.
(3) and (4) for the ferrous systems.

eeds as shown in egs.

For the cupric and ferric systems

H
M —CHy— © +—-M =+ F*-f —CH,
cooH
H
= Il (1)
COOH

100
319
\° 80y (b)
¥
=40t o)y i to)
b3 A, \ —.
o T—— !
(O} ﬁ\ﬁt}g—mg_
201
a " + 4
- -3 E
e} 10 |02 l()’
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Fig. ¢. Dependence of grafting on concentra-
tion of added cation ions: (a) Fe’,
(b) Fet, (e¢) Cuz*
Dose rate; 1.4X10°rad/hr
Irradiation time and temp.; 30 min,
and room temp.
Monomer mixture: AA : HyO : (CH,Cl),

=50:40:10
H
M* 4 PVCwCHsz}': oM ED
C(I)OH
H
+-Ht+ PVCwCHz=(IZ (2)
C(I)OH
For the ferrous systems
H
H++MZ++~CH2—IC s> M @D
COOH
+-—CH,—CH, (3)
C(I)OH
H
H*4+M*4+PVC~—CH,— ([J oM ED+
COOH
+PVC—~CH,—CH, (4)
COOH

8-5. Effect of Dose Rate on Grafting

The intensity dependence of grafting was
investigated for the dose rate range, 8.5x10°
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Fig. 7. Grafting of acrylic onto polyvinyl
chloride fibers at 25°C at different
dose rates in the presence of the eth-
ylene dichloride.

Monomer mixture; AA : H,O : (CH,Cl),
=50 40: 10, containing Mohr’s salt,
4X10-* mole/1.

—1.4%10° rad/hr.

The results are shown in Fig. 7. During
grafting with acrylic acid, no induction period
was noticed. This could possibly be due to
either the faster diffusion of acrylic acid sol-
ution into the fiber which is swollen by ethy-
lene dichloride or due to the absence of any
trace impurities in a monomer mixture which
could react with the radicals initially produced
by radiation.

It is shown in Fig. 7 that the per cent of
grafting is increased with increasing dose rate,
and that grafting first increases sharply with
time and finally tends to level off with further
increase in the irradiation time. The log-log
plot of the initial rate of grafting versus in-
tensity gives a straight line whose slope is
the intensity exponent (Fig. 8).

It is shown in Fig. 8 that intensity expo-
nent value is 0.76 for Mohr’s concentration
of 4x107* mole/1. Thus the
grafting (in %/min.) is proportional to the
power (.76 for dose intensities.

initial rate of

8-6. Activation Energy Determination
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Fig. 8. Effect of dose rate on the grafting

rate of acrylic acid onto polyvinyl
chloride fibers.

Monomer mixture; AA : H,0 : (CH,Cl),
=50:40: 10, containing Mohr’s salt,
4X10"*mole/1.

The effect of temperature on the grafting
kinetics as well as the homopolymerization
kinetics is important, particularly in this work
in using ferrous and cupric ions as inhibitor
of homopolymerization.

The grafting runs were carried out in sealed
tubes immersed in water to help control the
temperature of the tubes.

The results of the effect of temperature on
grafting at the dose rate of 8.6Xx10%rad/hr
are shown in Fig. 9. The results show that
the per cent of grafting of acrylic acid was
not significantly altered in the reaction tem-
perature over the range of 25°—70°C.

The log-log plot of the per cent of grafting
versus the irradiation time gives nearly stra-
ight line, which is a basis of calculating the
rate of grafting R; (in %/hr). Arrhenius plot
of the initial rate of grafting R; (in %/hr)
versus temperature gives a straight line whose
slope is a basis of determining the activation
energy (Fig. 10). The activation energy for
grafting of acrylic acid was determined to be
about 6.1 Kcal/mole over the range of 25°—

70°C.
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Fig. 9. Grafting of acrylic acid onto poly-
vinyl chloride fibers at dose rate of
8.6X10*rad/hr at different tempera-
tures in the presence of ethylene di-
chloride.

Monomer mixture; AA : H,0 : (CH,Cl),
=50 ¢ 40 10, containing Mohr’s salt,
4X10-%mole/1.

that the
apparent activation energy for grafting of

It was reported by Sakurada!®

acrylic acid onto polyethylene tetraphthalate
fiber is 8 Kcal/mole between 18°C and 40°C.

It is supposed from the results that the
grafting time of acrylic acid depends upon
the activation energy, the value in activation
energy being lower the shorter the induction
period.

3-7. Properties of the Grafted Fibers

Polyvinyl chloride fibers of varying graft
add-on such as the acid-, calcium-, and so-
dium form, were prepared and evaluated for
heat shrinkage, moisture regain, and tensile
properties.

1) Heat Shrinkage

Polyvinyl chloride fibers of the acid—and
calcium form were tested for heat shrinkage in
a glass apparatus which heating temperature
is controlled by silicon oil.

The results are shown in Fig. 11 and Fig.
12. Comparing the results of original polyvinyl
chloride fibers with acrylic acid grafted poly-

CO)

Grafting rate at 25 % graft { % /hr.
o
o)

20 61 Keal/mole
1o s
28 29 30 3] 32 33 34
177 X 103

Fig. 10. Arrhenius plot of the grafting rates
of acrylic acid onto polyvinyl chlo-
ride fibers.

Monomer mixture; AA :H,0: (CH,
Cl),=50:40: 10, containing Mohr’s
salt, 4X10-*mole/].

mer, the rate of heat shrinkage was decreased
with the increase of the per cent of grafting.
The rate of heat shrinkage of original poly-
vinyl chloride fibers was 70% at 17°C, but in
the case of the calcium salt the rate (per
cent of grafting, 58%) was 10% at 170°C.

It is also seen from Fig. 12 that fibers of
the calcium form (per cent of grafting, 17%)
retained its fibrous structure up to 330°C, the
maximum temperature studied, whereas cor-
responding untreated fibers melted at 187°C.

2) Tensile properties

Acrylic acid grafted polyvinyl chloride fibers
were tested for tensile strength and elonga-
tion. Denier, tenacity, and young’s modulus
of the graft polymer were determined.

The results are shown in Table 3.

Comparing the results of untreated poly-
vinyl chloride fibers with those of grafted
samples, there is no loss either in strength
or elongation by treatment.

3) Moisture Regain

Polyvinyl chloride possesses low equilibrium

moisture regain which makes it uncomfortable
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Fig. 11. Heat shrinkage of AA graft of poly-
vinyl chloride fiber.

for wear.

"Moisture regains of the acid—, calcium—,
and sodium form were determined respectively
by allowing the samples to attain equilibrium

moisture at 23°C and 66% or 94% relative
humidity.

The results are shown in Fig. 13 and Fig.
14.

It seen from the results that moisture re-
gains in 66% or 94% relative humidity are
increased with the per cent of grafting.

Table 3. Tensile properties of AA-graft of
polyvinyl chloride fiber.

App::;nt Denier [Strengthitenacity Elonéz; YIoIllllxt;;;

graft () (g/d) (%) modulus

(%) (kg/mm?)
0 2.61 10.7 4.10 35.2 417
22.9 3.51 12.6 3.58 33.8 390
32.0 3.54 10.0 2.82 39.6 378
39.8 3.93 9.3 2.37 41.3 272
52.1 4.50 1.3 2.51 39.8 297
62.0 4.59 10.5 2.28 35.0 274
85.0 5.60 9.5 1.70 34.2 214
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Fig. 12. Heat shrinkage of AA-Ca graft of
polyvinyl chloride fiber,

It is also seen that moisture regain of the
sodium form gave the highest yields compared
to those of the acid—, and calcium form.

This could possibly be due to water aff-
inities of sodium ions.

Conclusions

Most experiments were carried out with a
direct immersion method using 7-rays. For
comparison, some of experiments were perf-
ormed with the impregnation method using
electron beams from a Van de Graaff acce-
lerator.

The aim of this work was to modify the
properties of polyvinyl chloride fibers such
and heat shr-
and to investigate mechanisms of

as moisture regain, melting,
inkage,
grafting and polymerization of acrylic acid
onto polyvinyl chloride fibers.

Increasing grafting yields was observed
when the swelling agent such as ethylene di-

chloride was saturated in the monomer mix-
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Fig. 13. Moisture regain of acrylic acid gra-
fted polyvinyl chloride fibers at 23°C.

Acid form; 66% R.H. (O)

Ca form; 66% R.H. (A)

Na form; 66% R.H. ()

ture containing homopolymer inhibitor (Mo-
hr’s salt, Cupric sulfate, and Ferric chloride),
or when the total dose and dose intensity was
increased.

The grafted polyvinyl chloride fibers sho-
wed considerable improvement in moisture
regain, heat shrinkage, and melting proper-
ties, but comparing to those of untreated
fibers, there was very little difference in
tensile strength and elongation.

It was observed that the cation added as
homopolymer inhibitor depressed the grafting
as well as the formation of homopolymer.

It was also observed that the three cations
(Fe?*, Fe’*, Cu?*) displayed similar charac-
teristics, the reduction in homopolymerization
being greater the higher the concentration of
cations.

At very high concentration of cations the
suppresson was almost complete, but this
practical advantage was obtained at the ex-
pense of grafting efficiency.

As mentioned on mechanisms of cations in
discussion, it is assumed that in the presence
of cations termination of grafting and poly-
merization occurs mainly by electron transfer
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Fig. 14. Moisture regain of acrylic acid gra-
fted polyvinyl chloride fibers at 23°C.

Acid form; 94% R.H. (O)

Ca from; 94% R.H. (/)

Na form; 94% R.H. ()

with the cation.
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