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Table 1 Preparation of PAAm-Schiff Bases )
CodebP)  (Aldehyde) Time Yield Composition
(PAAm), mol?Z h % mol% Schiff base

5-Y6 63.5 2 89.3 67.4 C)
P-Y2 80.1 2 ~100 71.2
p-y3% 80.3 2 90.8 83.4.
P-T7 75.0 2 99.1 73.8
P-Y8 75.0 2 97.3 72.4

(P)/(PAAm) (S]/(PAAn] (NH,)/(P)/(S)
PS-Y2 40 L0 3 94.0 3.6/43.5/52.9
PS-K12 56 24 3 41.1 16.4/61.6/22.0 )
PS-K13 56 24 3 A 20.1/58.3/21.6 &)

a) Reaction temperature was 40°C except for S-Y6(80°C). Solvent was methanol
for code P and a mixture of methanol and DMF for codes S and PS.

b) S: Salicylaldehyde, P: Pyridine-2-carboxaldehyde, PS: A hybrid of P and S.
¢) By UV method. d) Mw of PAAm=10,000.

e) (7 )=0.334 for PS-K12 and 0.325 for PS-K13 in DMF at 257C.

The uncollected polymer fraction remained in a turbid suspension.

-226—



Table 2 Synthesis of Poly-Schiff Bases from PDA and Diamine

Code Diamine Solvent Temp.,°C Time,h Vield ni

FP-1 1,4-Phenylenediamine DMF 50 3 91.5 - a)
FE-1 4,4'-Diaminodiphenyl ether  DMF 50 ] 98.6 - a)
FA-1 4,4'-Diaminodiphenylmethane DMF 50 I - - a)
FS-3 4,4'-Diaminodiphenyl sulfone DMF 100 9.5 90.9 0.03 b)
FH-5 Hexamethylenediamine CHC1; Reflux 2 80.2 0.09 ¢)
FH-8 Hexamethylenediamine CHC1; Reflux 15 86.4 0.25 ¢)

a)Polymer precipitated immediately on adding the diamine solution.

b)No precipitation occurred but once precipitated polymer was soluble only
in formic acid and m-cresol. ni: in 0.5% formic acid solution at 25C.

c)PDA solution was added to the diamine solution. p1i: in 0.5% CHCl; at 25°C,

WEDE L LD TH - Ic,Table 2TWFP, FERUSFRADWTN LRELTME F
bRBEILENERKRL I, 2NODONRIEEOVNEDEEICLRATH -7z, FS
BEARIGHPIE LD ERIE S ST - o, 2 ¥ ) — LIS LB LA B D DNFIC

RETn-7 VI = )VEFRRICOBARTEH - /oo F HTIZMRAIED A MNERF 215 L

PETAVT I VIEBICPDAAKAMA T O DPINRFELE LRV ENbI - -,
CHNEBBOAFIAFLUIT I UNBKETRIEST 22D HES T2 ENL S
EEZONBENENDLEIARHTH S, F HOERBEDERYINE A Y ) — Vbl

BES 7 oa Rl Lc B ThOERAIRICEHAOETS R v —Th 3,

3.2 BUSAIO RN & BIE

ACHy- CHy—CHyCH)- ~CHy~ CHICH CHy-

SR K B BLEfEN D ?HZ (fHZ (CHZZCH)Z 07 CH, CH,
pe NHy N [
" v l
PAARD & o 7 HEJE A Bt cH (CHy)y  CH
T30 EE O REETH 4 (ESZ) 4
BEL 7 U TUBUPAND | (CHaOCHZ CH=CHly ks
DFENTB/NS WD EGE CIHZ
\ 1%
BENK DT H - DT,
CHy"CH)Y«CH~»CH
RRIGT S mERELT (2 g G
2 2 Hyp- -CH
RSB UENE - 0 G Ty,
| I
HAEH O MET 12 BTy CH,  CH NH N
1] I
Y F TV E KRG L GH-on - X C-CHy  CH
- i |- e GH2 C-CHy X
ToPAAREL (S JBD) T DVSAN o o S
= T T SN i . NH
&EjbonotU{/Z CHy X'ﬁﬁ(mij (S) Sy
HVEEYLFE FDR( ’ S
P JED) @ 1kDA & TDDAS Lk (¥ Scheme 2

—227—



BIFHEAS L0 BBEBEAKRICHN S LEBICEISFLVEEBETISG ST,
RRIET ) EAEL TEERE FFARARB Yy TRESEFERNET TSI Lick

BERBREETAESDTT I JER2WENVIUTICEOLENS > e, LEEmMT LT E

Kick 2BERE (P SE)TIREGEEDANRIFTH » e MEBEDO LB TRREEDFRE
LEBEILED S TEGENEN T 7,

PLEDEBENS SEEIEDYS, PIEEDA, 7 L TP SEREGENESETHD . ZDRIER
% Scheme 21c5 L 7z, Table 3icidFh b2t RIERBRERET L. SEEIR
PE T CoCl e I L BENR N T VRN KMETH SN S K D I0HKkiE
PUEN - 7o FNICH LPERR, K L@ ZORTRENLETH 7. L L
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RIERE X Table 3IcR L1t bOWNBEHETH » 7o BRI 80°CTL. 5~ 2832 E
LT BRRIRIMRIC L 2 HEELLERQB - DT BLIICHEEEL LT,

Table 2IcF L7z Y vy 7EETRBEICAIALF SEFHIZDWTENLELF
BrroaFRLLBENINOBEERATEIA FSEBEVWETERARETHD.FH

Table 3 Performances of S-, P- and PS—Membranesa)

Polymer Conc. (%) Crosslink- Drying Membrane R K, x10%°
Code of casting ing agentb)time thickness % cm?/sec - atm
, soln. /solv. /mol% h Lm, B/AC) NaCl/CoCl, NaCl/CoCl,
S-Y6 18 /DMF DVS/100 1.25 43.4/46.8 89.0/93.3 1.32/1.41 d)

P-Y2 10/Bz0H DA/51 1.5 39.1/s 93.3/99.2 24.9/42.9
10/Bz0OH TDD/26 2 33.3/s 96.6/99.4 16.8/55.3
pP-v3 5/DMSO PDA/50 5.5 48.1/s 95.7/90.0 2.7/85.8
5/DMS0O TPA/50 5.5 63.2/s 78.7/25.0 L.7/84.1
15/DMSO DA/51 ] 35.6/s 43.0/98.0 3.6/43.9
pP-Y7 10/Bz0H DA/50 2 35.9/s 89.2/98.8 2.5/56.2 e)
PS-Y2 10/DMSO EGE/31 2 25.0/41.9  83.6/95.3 2.3/ 9.7 1)

a) Dried at 80°C. b) DVS: Divinyl sulfone, DA: Diacetyl, TDD: Tetrad-D,
PDA: 2,6-Pyridinedicarboxaldehyde, EGE: Ethylene glycol diglycidyl ether,
TPA: Terephthalaldehyde. c) B: Before the test, A: After the test, s: too
swollen and degraded for the thickness to be measured. d) Water content
after the test: 25.27, Relative strength after the test: 1.83. e) Water
content before the test:57.9%, Relative strength before the test: 0.2.

f) Water content before and after the test:25.9 and 52.9%. Relative strength
before and after the test: 1.6 and 0.40.
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Table 4  Performance of Blend Membranes of PS and FH

Membr. Blend Conc. (%) of Drying temp. Net membr. R K, x10*°

codea) ratio in casting (time) thickness % cm?/sec - atm
wt. FH/PS soln./solv. °C(h) pxm  NaCl/CoCl, NaCl/CoCl,

PS28 0/100 1.30/CHC1, 40(1),50(4) 29  67.4/95.8 4.6/ 9.8

PS28-d2  25/75 1.30/CHCL,; 40(1.25),50(5.75) 34 86.8/96.7 0.013/0.51

PS28-d7  40/60 1.30/CHC1, 40(1),50(6) 37 89.3/97.8 0.004/0.93

P527—c5b) 60/40 1.34/CHC1, 40(1),50(2) 16 c) /98.1 c) /2.3

a) (NH,)/(P)/(S) = 19.2/43.8/37.0(PS28), and 6.2/40.1/53.7(PS27). d:FH-d,
c:FH-c, npi(in CHCl; at 25°C) = 0.097(d) and 0.067(c).

b) Cast on cellophane. c) No permeate was obtained.
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R and K1 vs. DAc Charged Based on NH; Group R and Ki vs. DAc Charged Based on NH2
for P-Y8 Membrane Casl from 10 wt*/s Benzyl Group for P-Y8 Membrane Cast from 10 wi®/s
Alcohol Solution, Dried for 2 hr. Benzyl Alcohol Solution and Dried for 2 hr.

O, ®: NaCl - —-- : The second fractlon (10ml) (Mixture of NaCl and CoCl2 Feed.)

O, ®: CoCly of the products. O: NaCl  =---- . The second fraction (10ml)

O CoCly of the products.
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Table 5 Metal Uptake by C=N Group Containing Polymer Powder (200 mesh)
Metal salt 4VK6Xa) hVth) a) Oxime of poly(4-vinylpyridine (4VP)-co-

Hg (OAc) , (22.3) L.47 methyl vinyl ketome (MVK))!'!)

CuCl, 13.8 0.96 (LVP) g 626 (MVK) 5. 066 (MVK Oxime)y. 54

NiCl, 0.8 0.61 ( ): By chelate titration.

CoCl, 1.1 0.21 b) Poly(4-vinylpyridine-co-methacrolein(ML))
CrCl, (0) - crosslinked with 50molZ%(based on ML) malonyl
ZnCl, 1.03 0.83 dihydrazide®)

MgCl, 0(0) - (bVP) o486 (ML) 0514

U0, (OAc) , 0.819 -
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Summary

Schiff base derivatives of polyallylamine (PAAm) and poly-Schiff bases
from a diamine and a dialdehyde were synthesized for the purpose of the
membrane use for the recovery of transition and heavy metals from sea water.
In this study the influence of polymer composition, the kind and content of
crosslinking agent, and membrane-fabricating conditions on the membrane
performance was investigated in the pressure-driven separation at 80kg/cm?2.

In the Schiff base of PAAm (Mw=60,000), salicylaldehyde(S) and 2-
pyridinecarboxaldehyde(P) gave most favorable membrane performances among
four aldehydes, most of which nearly quantitatively reacted at 40°C for 2~3
h. The most suitable crosslinking agent was determined for S derivative,
for P derivative, and for a hybrid derivative of P and §. All the
fabricated membranes showed a good rejection against sodium chloride (NaCl)
and cobalt(II) chloride(CoCl,) but swelled on contact with CoCl, supply to
such a great extent as to be degraded. However, a composite membrane of PS
hybrid derivative using filter paper support was able to be used in repeated
supply cycles of NaCl and CoCl, and for a long period. The equilibrated
CoCl, complexed with the membrane corresponded to about one-fourth of Schiff
base groups. Dimethyl sulfoxide (DMSO) gave a significant influence on the
separation performance and a PS hybrid membrane cast from DMSO solution
showed about 90% difference between NaCl and CoCl, rejection, but the
difference decreased to about 50% in the mixed supply of the two salts,
which 1is attributable to Donnan exclusion. CoCl,-complexed membrane
considerably increased the flux, and a low pressure-driven separation in the
range of 10~20 kg/cm® was found to be effective for the separation of the
each salt from the mixed supply.

Poly-Schiff bases were derived from 2,6-pyridinedicarboxaldehyde and
five different diamines under refluxing conditions in a high yield. The
polymer from hexamethylenediamine was the only soluble one and was found to
form membranes from its blend with PS hybrid or S derivative, favorably
along with a crosslinking agent like ethylene glycol diglycidyl ether.
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