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Abstract : The effect of a rapid freeze pretreatment of organic ion exchange resins on their grinding
properties was studied. It was found that the structure of ion exchange resins was defected by freezing pressure
formed in the process of rapid freezing. The defected resins didn’t recover their own structure after thawing
and those could be easy to be broken at room temperature by small force. Therefore, organic ion exchange
resins could be ground readily at room temperature after rapid-freezing the fully swelled resins using by solid
carbon dioxide, or liquid nitrogen. The rapid freeze pretreatment of cation exchange resins was very effective
on grinding in particular. However, the effect of the pretreatment of anion exchange resins on grinding was
less than that of cation exchange resins. In case of anion exchange resins, the ionic form of resins affected
the grindability remarkably.
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Table 1. Properties of Organic Ion Exchange Resins
Used
Commercial  Duolite C-20 Duolite A-101D
name
Manufacturer Dia-Prosim
Function Cation exchange Anion exchange
Skeleton Styrene-divinyl Styrene-divinyl
benzene copolymer benzene copolymer
Functional -S0O;-Na -N(CH3);-Cl
group
Exchange >20 eq/l >12 eq/l
capacity
Particle 03~12 mm 03~12 mm
size

IRN 77, 78, 150 2 =W} 4FFAte] 4H<F tholo} o] &
SKIB%E &7 Ao A1-&3+9 . Amberlite IRN 77
S H 39 74 Jdoleud FAo]™ Amberlite
IRN 782 OH ¥ 9] 79714 &ol228 FAojt}.
Amberlite IRN 150-2 IRN 773} IRN 782 o] 2 3 3]
1:12 4o] A2 ol &n 3 FAo|th. Amber-
lite IRN 77,78, 1502 A =] Yxt&EZA L0 713
wo] 2ol A Folrt, F4t AUdrio] & SKIBE= Na
& A Foleust ol Fol2nFH £
Amberlite IRN 77, SK1B 2 g-o| &8 42 Amber-
lite IRN 789 715, 71272, o243, Yx27|
52 Ztzt Fol2WE 44 Duolite C—20 E 0}
208 4% Duolite A-101DS} A9 Y3 & A
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Table 2. Experimental Conditions

Ball mill
Size : Diameter 76 mm
Length 81 mm
Material : Sic
Balls
Density - 37 g/em®
Shape Spherical
Diameter : 10 mm
Material : SiC
Loading volume 185 cm®
Powder filling condition (U) : 1
Mill speed . 104 rpm
Grinding condition : Wet grinding
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Fig. 1. Microphotograph of cation exchange resins with
and without rapid freeze pretreatment(x 40),
right:cation exchange resin without pretreat-

ment, left:cation exchange resin with pretreat-

ment.
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Fig. 2, Rosin-Rammler size distribution plots of cation exchange resins before and after grinding with

or without pretreatment.

Fd3s, 148 A135, 190



&5 AAo 9F R0l @SR EHEH

27

80}~

80
-
60 |-

40 -

-

CUM. WEIGHT % LESS THAN SIZE

10~

000 0o O

: DBEFORE GRINDING

¢ 2 HR GRINDING WITHOUT PRETREATMENT
¢ 3 HR GRINDING WITHOUT PRETREATMENT

: 1 HR GRINDING WITH PRETREATMENT
: 2 HR GRINDING WITH PRETREATMENT
¢ 3 HR GRINDING WITH PRETREATMENT

100

PARTICLE SIZE ( um)

Fig. 3. Rosin-Rammler size distribution plots of anion exchange resins before and after grinding with

or without pretreatment.
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Table 3. Changes of Hardgrove Index after Rapid Freeze

Pretreatment
Sample Hardgrove index

Dry Na type Duolite C-20,* 21
No pretreatment

Dry H type Duolite C-20* 20
No pretreatment

Dry Na type Duolite C-20,* 35
Rapid freeze pretreatment

Dry H type Duotite C-20* 36
Rapid freeze pretreatment

Dry CI type Duolite A-101D** 15

No pretreatment

Dry OH type Duolite A-101D** 15
No pretreatment

Dry Cl type Duolite A-101D** 16
Rapid freeze pretreatment

Dry OH type Duolite A-101D,** 19
Rapid freeze pretreatment

*  Moisture content > 25%
**  Moisture content > 10%
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Fig. 4. Effects of ionic forms on grinding for anion ex-
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B . Nos form O O @ © Samples without pretrea-
tment @ @ © : Samples with pretreatment.
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Table 4. Results of Grinding after Rapid Freeze Pretreat-
ment for Several Kinds of Ion Exchange Resins.

Commercial name Particle size Particle size
before grinding  after grinding
(D50, /m) (D50, m)
DIAION
SK 1B* 297-1190 57.1
Amberlite
IRN 77* 300-1200 476"
IRN 78" 300-1200 4959
IRN 150*** 300-1200 55.2%
4007

* Cation exchange resin, ** Anion exchange resin,
=+ Mixed ion exchange resin.

Grinding time is 1 hr.(a) or 30 min. (b).
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