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Reaction mechanism of the polymerization of epichlorhydrin
with sodium hydroxide and the adsorbing characteristic
qualities of the obtained polymer

by Masaaki Ito, Kazuo ABE, Tetsuo TsucHIYA,
Michihiko UMEHARA and Satoshi YAMASHIRO

The reaction mechanism of the polymerization of epichlorhydrin catalyzed with
sodium hydroxide, was being researched in connection with the following results: the
generation of acetylene and hydrogen throughout the polymerization, the ESR spectrum
of the active species in reacting process, and the same polymerization of epichlorhydrin.
The polymerizations of epichlorhydrin, catalyzed with sodium hydroxide, were being
made to find out the polymerization condition under which the obtained polymer will
serve as an adsorbent. The polymerization was examined by taking account of reaction
temperature, atomosphere, pressure and the amount of sodium hydroxide, all in relation
to the adsorption of acetic acid and methylene blue from aqueous solutions.

The column of the obtained polymer was effective for the chromatographic separa-
tion of the components of a natural pigment.

The surface of the obtained polymer was also shown under electron micrograph.
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Catalyzed with Sodium Hydroxide
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Table 1. Polymerization of 3-Methylepichlorhydrin Catalyzed
with Sodium Hydroxide in Bulk*

% B Exp. ‘ 1 l 2 ’ 3 4 5 6
ot i g (°C)
Reaction temp. 70 80 90 100 110 120
K Ji W [ (min) , ,
Reaction time 530 750 510 272 130 65
I "5 (g .
Yield = — 1.02 0.81 1.07 1.25 0.99
[® (%) — =) 57.27 57.53 5571 | 57.33
R B ,
Micmnal‘lH (%) — 8.52 8.55 8.29 8,53
1 (%) — — 1.92 1.80 1.99 1.44

*ORERBREL P-AFAE I B AL F Y B I OBBPEKEIEF r )y A 02 A FOMALK

The experiments were carried out using 0.2 mole of 3-methylepichlorhydrin and 0.2
mole of ground sodium hydroxide.
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Fig. 2. The IR Spectrum of the Polymer Prepared
from B-Methylepichlorhydrin
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Fig. 3. The ESR Spectrum of the Active Species in Polymerization
Reaction of Epichlorhydrin Catalyzed with Sodium Hydroxide
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Table 2. Effects of Catalyst Amount on the Polymerization
of Epichlorhydrin in Bulk*

KEEF bV v A =vrerciyy KOG WK M KR RN
Catalyst (NaOH) Epichlorhydrin Reaction time  Yield Microanalysis (%)
(mole-%) ~ (mole-) (min) (g/mole) C H Cl )

50 0.5 60 12.8 53.11 7.47 2.00
75 25 90 13.9 53.37 7.38 2.37
100 0.4 2 10.5 53.33 7.61 2.13
125 0.4 60 10.0 53.23 7.56 2.38
150 0.2 75 10.5 52.86 7.33 2.32

¥ RIG{REE (Reaction temp.): 80°C

%3 =tEzmAelF)voKEEFrtY Y LAIZXS
BREAC B LiE 3 GHEE o RE*
Table 3. Effects of Reaction Temperature on the Polymerization
of Epichlorhydrin in Bulk*

N

%eacﬁﬁgn. Emf %eapcf‘in. EEtigimgElEj ine]dE Microanalysis (%)
°C) (min) (g/mole) C H Cl
65 610 15.0 53.21 7.29 2.87
70 230 13:2 53.33 7.57 2.63
75 233 15.0 53.25 7.58 2.69
80 75 8.4 53.27 7.69 2.35
85 45 42 53.10 7.60 2.45

* OAEBEL=EsRe FY YRS EOHBBHKBRES P Y Y A0S e FOMAL
The experiments were carried out using 0.5 mole of epichlorhydrin and 0.5 mole of ground
sodium hydroxide.
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Table 4. Effects of Atmosphere and Pressure on the Polymerization
of Epichlorhydrin in Bulk*
ERCN AV
F MW X & IE NaOHfE i v v £ M & Ffﬁfﬂwﬁ JTOF oW fE

Amount of
Atmosphere and Amount of CH,CHCH,Cl Reaction Yield Microanalysis (%)

NaOH N/ time : <
Pressure O 4
(mole-%)  (mole-%) (min) 7(%\77(“ i H Cl )
75 0.3 95 13.0 53.59 7.76 243
under current
100 0.3 103 16.3 "1'.53.55 7.22 2.40
N;
75 0.3 145 31.7 58.23 7.60 1.96
in autoclave
100 0.4 75 218 . 453 LT 7.49 2.33
75 0.3 80 139 5266 7.58 2.19
under current
100 0.3 70 9.3-+ 5301 7.46 2.16
O,
A 75 0.3 30 244 53.11 23 2.16
in autoclave
100 0.4 25 158 52.65 7.74 2.15

* KGR E (Reaction temp.): 80°C

Amount of acetic acid adsorbed by 1 g GHP, mg
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Equilibrium concentration of acetic acid, mol Equilibrium concentration of acetic acid, mol
a 7 e n
-~ 50mol<%  0.019  1.67 -0~ 65°% 0.057 1,21
- 75 - 0.053 1.79 —4&— 70 0.054 1.14
—A- 100~ 0.200 1,10 0= 15 0.035  0.87
-O- 125 ~ 0.220 1,02 —@— 80 0.032 0,94
-+ 150 ~ 0.082 1.70 —— 85 0.028 0.92
B4 H28WoOLEREAKC L HHEHROBAE B-—5 #£-3BWOEREAMKC X 2 HREORA
Fig. 4. Adsorption of Acetic Acid by the Fig. 5. Adsorption of Acetic Acid by the

Polymers Tabulated in Table 2 (at 80°C) Polymers Tabulated in Table 3 (at 80°C)
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Bz h OREBRAE R a OB ARDLL T b, EARISEEOMFNZ A 45, Freundlich
OWFEERK v=aP/" =5t 5 2%, IHE EERE) <3 5 T8 n (B OB (X 100°C s L 08 125°C
THESHRESACME R DB A RL TV, 2OF hEBRENMC X - T, BEHOR

T T T T T T T T T T

28 | .

24 + 5

L 1 1 1 1 1 1 1 1 1
0 0.1 0.2 03 04 0.5

Equilibrium concentration of acetic acid, mol

Amount of acetic acid adsorbed by 1 g GHP, mg

-0 15 mol=% under current —&— 75 mol-% under pressure
o 100 7 ” —4— 100 »

B—6 #A4ABWoOEREAEK ERAWHCTER) 1 X 5 HEHEO R
Fig. 6. Adsorption of Acetic Acid by the Polymers Tabulated in
Table 4 (in Nitrogen Atmosphere), at 25°C
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0 0.1 0.2 0.3 0.4 05

L L 1

Amount of acetic acid adsorbed by 1 g GHP, mg

Equilibrium concentration of acetic acid, mol

—O— 75 mol-% under current —£%— 75 mol-% under pressure
—@— 100 » —{r100 »

B—7 #-4BRoERFEAE MEKF P CEA) © X 5HEROBAS
Fig. 7. Adsorption of Acetic Acid by the Polymers Tabulated in
Table 4 (in Oxygen Atmosphere), at 25°C



140
-5 =vzwre ) voKEgb
F Yy kB EARKICARY
D AF VTN —WEREF
Table 5. Adsorbabilities* of the Polymers
Obtained for Methylene Blue
(¥ify. : mgMB/g Polymer)

B il B
Reaction temp

2
°C) o 50 ! 75 100 . 17_‘5 15()7
65 —_ — 58 — —
70 _— — 5.6 — —
75 — — 5.0 — —
80 5.6 4.7 4.7 52 2.9
85 — == 4.6 — —

T B M & & E NaOH (mole-%)
Atmosphere and i
_ Pressure i .
{under current 23 2.5
in autoclave 2.3 2.3
{under current 4.0 3.8
?lin autoclave 3.3 2.9

NaOH (mole-%)

IR AEREIRAER A Y v — 1g ARE LA T L
Thr—DOmg B THHLHbLTWD

v

Adsorbability is indicating by mg of methy-
lene blue adsorbed on the polymers obtained.
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Photo 1.
by Electron Micrograph

Surface of the Polymer Obtained
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= B 0 B

HRIMRBIL A 7 b 3B E IR-27G Blic X » BAbH U 7 A geFlET, SEARBIA~ 2
PR EE - HEAH O MPS-50 Blic & b, ESR 3 HABTF JES-P-10 5o WAL T T 7 & —
T, ¥LHBEBLESNIER UM2 R, #A27r~< 277 7358 GC-1C MA#AHL 1,

BE—=v/aie FYvIZME—RReBik, AL THEMAL, ESR IEMICIL,
Rt % 7 4 7 ) TR, ABEEBIK, FHEAZHTERL 2 bOREA LI, f-2F
LTEIOLE FYZVIRKARA v+ ¥ T KK OB (W 99.7%) 274 5 U TH#,
KGR, EBHRFAZ P TERL L OV, KEBEIEF PUD LR, 525 0EAEKIE
AR —#fh 2 R 40% A FTOZENTFERSBIEL, K53 05% O O%, ESR JHIEH
IR A ERFHZE 54 £y 2 AR CHBHL b O FEH LI, #F7 4278 <}
75 7MORRBRL LT, LBl R im0k 5 h AB R Bl < o v Tt L7 b
DT,

IEJOLERYYEKBIEFPIDLADESRIFICETZRETNRDEN - EESD
F—DH0ml BAK 7S A a7 rak FY)v1386g (15 E4) LKL PV ¥ A
60g (100 /L %) vk, v —x 54 A8 vy v aFRMLIGERBHELHL, &
A% <€ T, 80°C TRIGE #, BUGHH 150 3o ML, RIGRAZEEY InACRAEL
IR AD AW RIS A M, &S L X D IERMCHEH L for A2 PO EL o= A 1)
Y, HAIZ R L 7T 7 (AT ) B (60/80 £ 5 > .)2m, 1.8kg/cm? He, 120°C,
10 mm/min] THH LT, W-1IZRLIcHAZ v= F 75 A%, Rt46 5O MNT £ F
VYRHMST A LAY b DO Tt F LY TRELK, 1o OH A% 3m OERR» 5
A, 20°C, 0.3 kg/cm?He, 10 mm/min OKETHITL T, K-1 ODRAIOKSHKETHSH - &
HER L T,

SDWT=EZrAk FU v EkBEF Y v A% 1 L%, 80°C TRIEX®, 20, 50, 70,
100, 130 73 REBHFIC, EHEICE = 1L EEMF L HERT, RIEBRNOT ARERL, # A
IR= b7 THNILIcE D, FIROY )V D FAH T ATRET 2F L vy ORE, EERSD
7 ATRKFEORD, ThEhEWMCHER I I,
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300mlé BHFABA — b 7L —FF, = zrre FYyv37g (04EL) L 16g OKEE
ftF bV 7 A (04 )%, 80°C T, MHERIOERKZMHPT, ML ORGSR S ERE TO
BFHIRIG &, RIGE TEBRAGL, BROFABZH A r< 277 7 THIitLI/R, BET
TORIEOBELFEL L 512, TEFL v EKEOREDZFERI NI,

TeFr v b KKRORERBXYERTS, £lEarD=psare F Y v EKR{EF HY
W A% T70°C T 150 IR E X ¢, 7 F U v ORI, RISEHOFRA: T A i E R
Rv 7T 160ml O 10% WEEEEKBR e Lic M A ey Tk THRIRIS ¥z, —HTiL
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LOMB LI, REFAOBRNE Kb IcMBEERY, FE—1 74 —%fEmELL N/I1O
KEE{EF + Y 7 ATHEL, KRNCH>TTF v viaRDI,

CH = CH+3AgNO; = C,Ag, AgO;+2HNO; (10)
= O4HiE Ross-Trumbull kY Of/R#E A1 2 T8> 12 OTH %,

FERORIERNBRETHH AR, 27°C, 750 mmHg T, AL vy ML L S
AH13ml THhotoe THAERRBICIIEET S L, 116me T4 T2, KFELHbETRE
T57FL VIV BRTHD, TEFLYyOKCHTIERENLLT, $XTE.vy M
OKZHETBH LD E L TERL T,

B-AFITESONLE FYYEKERIET YD LADORIE—RIEHEM S L OV EREAHIC
SONT, F-1 B, ¥1-80°C TRIGEETHONSARESHEO IR AX2 b AiX K-
2IRLIcERDTH D,

IEZANLE BYYEKRRIESF PYUDLARERD ESR AR bJL—HFE 2 mm OB
75 ARG RIZ, e sri FY v 18g, KEELF Y 7 A08g xu\h, 70°C T204%5
RIS -5, WHEEFETEALL, ESR A7 t xR, LOMPEE K3 ICRLILEE
NTH %,

IEYALERUVEKBIEF PIDADORBICEIERERKDORBRBRE —%025g
DR EAK (cf. £-2, 3, 4 # N/2, N/4, N/8, N/16, N/32 &5 X 0 N/64 FERKISRICEF L
Th E, 3FMARALREEECEL DL, EER%Z S5ml L b N/10 KER{LF ~ Y
Y ACHEELR, TOEL, X-4,5 6, TELBOLENTH S,

IESANLE RYUDVEKBRIEF PIDALADRIGICEZEREEGRDAFLY TIL -
£ i3 LyvFA—010ppm KEKD 25 7\ L 50 mé (AR EAEOFIER * R EL,
Bx o) FERMLERCET I THEBL, 2FL v 7 Ar—ORRERYHBRELTRD
WA B A R LT,

IESALE RUDEKRIEF PUDADORISICKZERESRENS LA ELLXAE
ZDYATITST—HF A (lempx15em) 1k, MBELrO= 7 rie FY v E KRS
F Y A% 65°C TLOMMRIGEHTHRbAARESH 40g 2HHLICLOTHEL
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Z0hT7 AL, ERHBAEDE S RAREORM~Y o villliRAEL, 10% OXv v &g
Chl~NY v, 230 T5% O7 « b v EUAM~SY & VIFKT, B - Bz 1T 1,
SEES B FE o, » e Ty BRI AT AT8myp, AR AMOH 663 my TH T, A
BA7 b CHRL 1,

BFEMHEER— A ORBE —F L 7 ) nikic k-7, H HU-1ID Bz X v, n
HEE 75KV, 5850005 THEHELE D, 20000 fH5El 7. EHIX, FH1CRLE
ERDTH S,

# =

e /ebe F ) VEKBIEF P VARRIEIRDLIWVIE, 7TEFL vyEBIOKFEOR
AT DL HERMCHERL, ZORGHRD ESR A7 bk JOBELEY -2 F 1=
7 mre ¥ Y vORBELRIGE DERABH LSRN, oORICEEOHR %172 - 1,
¥ AR E SO GGG EBEEOBGREH LT L, BREFOEHICE TRAT,

ABEDOEHNIZ, ESR A7 + v ORE & T O ds 352 8 7o JLlhE KR T E
BAL¥ TR OMBMERR, f~rFr=s7rre FY) v EHESE T 50 kKBAA vF1L
FIEKRASEOWER RS T 2, KB EH D8 2o deiE K7 THEE G B LE TER
BEFEE O KL, AFFAOWMNBE, SFOPFRENAECL Hbe THELET D,

(KRB, BRI S - HAG P EF M iMEmt A Ke 1969 4 8 A 5 H), s X O'H AL
25 L OLEBIREH AT KRS 1970428 A 30 H, #LiR) @k LW THELA-LOXRD 2 LoD
TH5)

X Ak
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