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Hydroquinone-Formaldehyde Resin 0} F35}04

K & B

A Study on Oxidation
Reduction Resin (1)

On Hydroquinone-Frmaldehyde Resin

Hydroquinone-formaldehyde resin preparedfrom
hydroquinone, formaldehyde and hydrochloric
acid as a catalyst was shown to be oxidized
with ferric chloride solution and regenerated
by stannous chloride solution.

The influence of various conditions of preparation
on the capacity of oxidation was studied. Results
show that the concentration of a solution of
hydroquinone has not any effects below 14 parts
of water to 1 part of hydroquinone, by the
after-heat-treatmont for 5—6 hours at 100—120
deg. C the capacity of oxidation is exhibited a
maximum, and decreased as the mole ratio of
hydroquinone to formaldehyde increase. The
optimum conditions for the preparation of thig
resin are as follows: hydroquinone 1 part to
distilled water 10 parts, mole ratio of form-
aldehyde 1.2 to hydroquinone 1, and 5 hours
of after-heat-treatment at 120 deg. C. The
maximum capacity under the above conditions
is 13.99 moq/g-ersin.
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Polymer (1) #is} 4o}
Sample : Hydroquinone 25g _
& 500 cc }(A)
Formalin(38. 672550 cc
L EER 15¢c (B)

(A VS SeAe) wEiRetE 1000 cc 74 HE
S e] BWIAIIES 2a o] Lo 4 TR A
A% BYZ hHBEESZ 28 Metd F—mgfH
Rt g MRS ETE 4 o
2R GRS BRI A B 1RT% 70 mesh
2 BIEEL o) A2 ZHZetaathe Wo i
B H—MA % 52 NaOH ip¥io= wilis e &
grel el gl 7hR BEfEekss 52 HCL
22 = U JRifkste] RSt B
ol A 70°~80%l A & 1ps}o of.

b) #H5e) il
) ERES R S e s Br L

Polymer(1)-& 0.5 g3t F#gs] & 0. 151
N FeCls %% 20 cc = fste] 100cc »] —7] —¢j
FRESh Y, BRG] whel H—%e 2o data
£ dglrk o

714 FeCls i Leihaldt-Zimmer 30 5
= REE WESIY o FeCls #7%-& KMnO: 1%
SR FER st HEAA wRddd. o
glu RE EHES a2 HEe {3t
Aol ek (LATEEAN A = F—3F).

B 558 Hydroquinone & 2% —dl=, 4
Mgt Formaldehyde & 28 —CH,— o) #hfe
= MfEdiel et n fEsl o8 HiEs
ZER BICHEle 2 sl HEHie s RS FeCl
o] &S 100272 EET ol HEE BRiks FeCl
o] HHEE kit #ikste g ES
= el 2 FIRE Zhe AHelvh
(Table 1) Polymer | EL.(#H®)

(Oxidation of polymer)(Settle)

i KMnO,Soln. i
Settle time ! required ' 2 of oxidation
BEHL A . s KMo, ft %
, | | 4
030, 0.75¢c | 7.95
1 00, L00 10.6
130 125 12.7
2 00 135 14.3

2 30 1.58 6.7
300! 165 17.5
"3 %0 1.85 | 19.6
400 19 | 20.1
5 00 21 | 22.0
6 oo? 2.35 24,9
24 00° 455 48.2
48 00 ‘ 58 67 6
76 00 - 65 77.0
145 00 7.3 83

V) THIBAI A - o) R meik
HELFERLES HET Bl Wane %
M< 4E#Est7l 5% polymer(1) 0.5g 9
0.109N FeCl #ie 200 cc & B 45+ HEZ
ehazo] ¥ @GRS A A Felw A B
el wee BEEEe o3 zo] dqd. #
HBo2E #Fe WK 10ccE Histd 0.1056 N

KMnO: o = Besta ok
(Table 2) Oxidation of polymer(boil)

" 0.1056 N | Percentage
Boiling time : KMnO Soln ' *  of Remarks
‘ “ required | oxidation
0.5 0% | 0.4 cc blank
30 1.15 35.18
1. 00 1.65 50.73
1. 30 1.85 ' 57. 46
2. 00 2.05 | 62.71
2. 30 2.3 . 70.79
3. 00 2.4 73.33
4. 00 2.8 85. 65
4. 30 3.1 87.74
4. 30 0.4 btleaslék

©) gl ERibERal FEel #EpEele] BAR
Polymer 0.4 g & A 33 #HHEstx 0.202N
FeCls el Mg 100cc & Mnstan [EpEZe)
220 A HERE 4 £I3L & HCL L st

+ B 2935t 405% FeCl: & E& e -
=3 L RHHRE Ak ol ®BE #iE 10ccx



et 0.1121N KMnO, Wifre= diegt i
o]},

Quantity of | KMnO, Soln., percentage of
HCI added requlred oxidation
0 cc 3.5 cc | 60. 15%
: \
3 4 81.88
5 ] 4.5 75.19
10 3.8 ‘ 63.5
U
DllEel #5R= fige] WEZE S vlae
el i 22E Teded Llis kel

A= &7 FeCls 59K 100cco] HCl 5cc & #
#esto] Fl—fEfETol A B ftEERS st g ok
2) Hi5e) Fet** ion "W FHE HT 1T

Polymer(1) 0.5g & A &3] #msta 0.11IN
FeCls 5 20 cc & Tmsla 21705 WHETA S
WHekaL o 7] o ok 2EHIk 20 ce B st o)
W 10ccE Hedted 0.156 N KMnOs & o =
e = Loee ek §h5skd 83.929
e {tase] vt

o] g 10 cc & Hislz Leihaldt Zimmer I %
#o = pimdlvit] 1.75cc o] 0.156 N i#Zijfe] H
Pk AR 0.111N FeCls el = == #5
f Fetrol-2e] MisghE-L sloka BiE = gloh

o) Hffigel A

ol BifiEel FR{LETT-S 4 SE
3t Aes f4Fstn FeClol fkebo] FEE{E
Bilgel WARSE of2a Zo] Rtk

e s T

tlo
mlo

b5 g
=

0
I . + OH
+2H
N enp | 5 | / \‘CHZ—}
NS Sl NS 1
i a 221 of n
O — .
$-4 FeCl: 242 HA HLEE HEstd A
REstohbe A2 TS SnCl = HEste 2t
o2 Tw&ﬁg gL ek 2 EERE

A
FEHEE dodrk. w53 ke i
0.427 g o] SnClz ¥ 2ccoll 0.1121 N KMn Os
W 1.2 cc il S 100 ce sk FAS
HRAES WSl KMol whel o) iE 2ccx st
< 0.1121N KMnO: He= et
o]},

(Table 3) Regeneration of polymor

Time KMnO_,Soln. Percentage of |
required regeneration
o 1.15 } 4.92 |
100 | L1 8.34
130 | ”
2.00 Lo 15,67
2.30 | 1 ‘ 2 !
3.00 1. P
3.30 0.95 | 20.89 |
4,00 0.9 f 25.
5.30 0.85 ‘ 29.17 |
5.30 0.8 | 3034
7.30 0.7 41.67
8.30 - 0.7 41,67 |
9.00 0.65 ‘ 42.84 |
12.30 0.5 | 58.34
13.30 0.45 | §5.04 |
14.30 | 0.4 66.57 |
15.30 0.35 | 0.3
15.30 | 0.3 | 75.
17.30 | 0.25 | 79.17
18.30 | 0.2 f 83.34 |
19.30 | 0.2 83.34
20. 30 ‘ 015 | 87.5

bAdeh #e] HAEE A S WS f53ke 18
4R 0.5g ol ek 0.2020 N FeCls #4377 150 cc oF
# HCl 4.5cc & Fmshe] 40 30 4 2
< 10cc sk 0.1120N KMn Os # o= i
EE Y 4. 7ce7b 3
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of fisted el W TS5 Y-&rtstd o
ke 2 Tyl ®okouk HIEHAL gk

(2) #i5e) SLEEE 920

Pilo] T8l A #ilgel fR bl o) wER
= 9 2c2 Hydroquinone 3} Formaldehyde 2]
mol Jke] Bk, =& fHifize) ﬂtf%lﬁff{‘ H%F‘EH
Bt MRl vl2e MBS HHEY)
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#Astd T zre RS s
(a) Hydroquinone 3 Formaldehyde 2}2] mol
Ht 1:1.2d Hydroquinone ] BEER #iis
BRI BR(LRITEE) vl2 = g
) Polymer(3)e] #li# %% Capacity &

Sample; Hydroquinone 25g |
= 500 cc »(A)
Formalin 20 cc
B 10cc (B)
AFws 11 HEES==2 fustn 52
3 BRA%R BROBAZRCH. o EEmEH (B)
5 uie AR BEe e st LB #9

ok A Lo Fioz Ve KEEMAEHA H
§7F /el skiRes 715 fhfES A BRI O
AR 1EH Bde 2 EERS Hobzidh
ColiiRE EF dElE==; kldE Kkt
BREEERAA 70°C Aobell A Erpgsta oA
-2 7T0mesh = 3¢ 5z 26 g.

RIS JBiHsla ojEiEikel Formaldehyde &
o Al FREV el B Az <
Ao 2 Formaldehyde 7} ARE3re] $uHFs) =}

o] Polymer & 5 &:458le] t}-23(Table 4)
A ohzrol EpBERPITHE 5% NaOH pigie = il
== Harel A glo] s2uke]l =R
F pedgstn 5% HCl= = - =k dEfEst % &5
& TR KPSt o] & thA 70°C AStel A
wiagtih £ 0.5g5 FES 0.216 N FeCls
WK HmE 115cc st REERE Scc & sy
20cc HEZS Az 928 HHHEE 12
A PB4 EERER oK 10ccE HsH
0.1121 N KMnOs g o2 el A4 = Capacity
= HES e sk

g7 = = el MEE wew HuRm
BEliel MWinE ol =et oS £ Bel Wk W
LRk =3 ZEEEEl #nE o =t B
e fhe] fifae =N Bficsz HA A
Avk. DIFERA A= 2

(Table 4) Capacity of polymer (3)

Ti f | KMnO ‘;Percentage -
Polymer !aftg:ie(;t Soln. | of | Med/E
. treatment |required | oxidation
1 i 18%M| 3.8cc; 59.37% 9. Sj
2 2 4.0 62.49 10. 3

3| 3 I 4.3 67.18 | 11.1

4 4 : 4.4 68. 84 11.3
| ]

5 5 | 4.8 | 7499 12. 43

|
L) Polymer(4)e} %} = Capacity ]

E
Sample; Hydroquinone 25¢g
=3 - 250 cc }(A)
Formalin 22 cc
R 10cc (B)

HEHIR-L Polymer(3)w 9} e}l Polymer(3)
ol A BAZBRBRRE ] i o e} Capacity 7}
Hmst7) A Eol BLBEERS o EEAA 2
skeh. RV A7) & EEA whae A eRE g
H3 E 9ot ArleRAel g e 2

el 2= FEMEE= B Heege) Frxch

ek Capacity iR mTshy  gase
26 g.
(Table 5) Capacity of polymer (4)
Folymer Time of [ M0, Perentaed |
O 1 treatntent %required oxidation | T¢SI
0 Oﬁéi’ﬁﬂ‘[ 3. OCCi 46. 87‘ 7.977%
1 1 ‘ 4.1 64.05  10. 62
2 2 1 4.7 73.68  12.28
3 3 ; 4.6 71.9 11. 92}
4 4 5.4 84.4 13. 99
5/ 5 . 5.4 8.4 13.99
6 6 ‘ 5.2 j 81.0 ! 13.44

©) Polymer(5)e] #i&), = capacity Hj5%E
Sample; Hydroquinone

=

=
Formalin

[ vy

25¢g

150 cc

22 cc
10cc

(A
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SaEmEL miEtden] (ADMKS gt
(BE My Hele MEAYT 2EA gom i

EROERYT FEt
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Capacity HlEel =

polymer 0.5g ol ¥ 0.2468 N FeCls ik B3y
B 100cc & sl 4 75tg ek, Table6 o A (4]
Capacity {E F# s #RBMEstE &h —8 %5

e A7l F¥e] siAdEel . (De
of BHE =3 A =k
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{Table 6) Capacity of polymer (5)

Poer i 8 | 0 Py
treetment required! oxidation| TeSIM:

1 1 305 4.4cq  60.18] 9.9
2] 100 | 53 71.83  11.99
3' 3.00 | 62 ! 848 13.95
a4l 400 | 29
5‘ 5.00 i 6.1 83.46  13.72
5 | 8.00 | 5.9 l 80.72 13.27

2) Polymer(6)e] #li&J% - Capacity Hl/E
Sample; Hydroquinone 25g

- 350 cc (AD
Formalin 22 cc J
BEE 10cc (B)

FIEHEL Bt 2o BEY BHECT fa
2o (B)E MatEe # 20 08 EHd ok
(Table 7) Capacity of polymer (6)

Polymer TS ot | Koo, o *5° mea/s-
treatment jrepuired  oxidation resin.
1 155 4. 8cc 65. 67 10.8
2 3 5.8 79.34 13. 05
3 4 6.2 84. 82 13. 85}
4 5 6.0 82.0¢ 13.5
5 6 6.0 82.0¢ 13.5

b) Hydroquinone #} Formaldehyde 2] mol t
7F1:2.2 A%

(@)l 9oiA mol Hizk 1:1.291 79 @R
o} BRI =23 Capacity o} 8t2 47
gl exz o & HiEESIe BN BES =
End A oAl EEpsta BEREREL =24 =
i R BN e R o

1) Polymer(7)2] % = Capacity e
Sample; Hydroquinone 25¢g
E 350 cc }(A)
Formalin 41 cc
L 10cc (B)

FLEHR-S Aot Zon) GbE] o s = i
4ol AHES] WA= wglreh. Capacity HE-S #55
0.9g ol ¥fs) 0.2468 N FeCl 37 FEiE 90 cc
£ Jmsl HEd ok JB58E% o v} Formaldehyde &

s BEEE Y R #iEt A4 B B
LH 3 glon] RiEK HEEE AHES Bolxuh
Yozs2- 26 g.

(Table 8) Capacity of polymer (7)

Time of | KMnO iPercentage‘

Pol(%r)ner after-heat- soln. of mri%l/x%
-treatment required oxidation '

1 2 6. 3cc! 86.19%  12.75

2 4. 67 91.67 13.56

3 6 6.7 ‘ 91.67  13.56
) |

L) Polymer(8)e] #ii&J% = Capacity JHl’E

Sample; Hydroquinone 25g
= 150 cc J(A)
Formaline 41 cc
R EERE 10cc (B)

BBRE HEE Ad = 110°~120°C = #
ot E 2 ks ol RZealely oha mEe
£ 100°~110°C = K FAA EEAcH Capacity
7t ke ETH I JEAL HkSs i@
g 70°~80°C = BRI EN7] of Fof Lz
AP FHE Jer #H9e A g4
ow s BRFERC] oA EFERA G g
Bk et AN LR e HA
BEEAS. Bd BECT BFsh ke 3lg.

(Table 9) Capacity of polymer (8)

Time of | KMnO ;Percentage‘
Polyémer lafter-heat— soln. | of meq/g-
| treatment | required oxidation resin
- L ,7‘ — L
1 2% 5.0cc 68. 41£ 10.13
2 4 5.8 ‘ 79. 34‘ 11.74
3 6 5.4 i 73.88  10.93
|

©) Polymer(9)e] #ii% ¥ Capacity 5
Sample; Hydroginone 25g
= 250 cc }(A)
Formaline 41 cc
R 10cc (B)
(ADWEIH] BB E: 2R B (B2 4%
3 fuetd MfEe A7 BEY BE 9o
HIES BHTE B 7 20cc EEeld
Formalin& mstxz o &H#std = &+ #ifs
7b el QAR fs LBl welo
He Bl MAED gl divh ke 30g.



(Table 10) Capacity of polymer (9)

Time of | KMnO, Percentage
Polymer ‘afte’r-heat—/ soln, ! I of ‘ meq/g-
]; treatment ‘required , oxidation resin
1 2658l 6.2c  s4.83 12,56
2 4 | 6.6 90.30] 13.37
3 6 6.6 f 90. 30 13. 37]

¢) Hydroquinone =} Formaldehyde ] mol€
H7F1:3.2 1 4.2 A
1) Polymer(10)e) HE¥ Capacity JlE

Sample; mol 1:3.2
Hydroruinone 25 g
= 250 cc }(A)
Formalin 59 cc
R 10cc (B)

(ADEES] i) % (B)E sk o
THEE SHEQ o) Belaae) fEre] whel s
7H RS = S MHES QA Nde
Aol ddele]  mHEE #5e) vl -$-
ik, HifEe] SEIRREEE 50°~60°, Capacity =
138 0.5g o1 el 0.2468 N FeCls i HE
83cc & s Al T = HiE o).

(Table 11) Capacity of polvmer [¢10)}

Polymer ;Pim‘“;l of I KMan4
aon @ ter-heat-  soln of o esin
treatment requlred‘ oxidation |

!

|
t
Percg? agel meq/g-

1 ’ 29 6.00cc 8200 11.47
2 4 6.6 ;J 90. 03 12. 62
3 ! 6 6.8 ‘ 93. 04‘ 13. 00;
L) Polymer(11)e] stz Capacity #HlsE
Sample; mol K 1:4.2
Hydroquinone 25g .
= 250 cc }(A)
Formailn 77 cc
HEEER 10cc (B)
WK ool B8] AEEE Txd) 2|

UHEst 2 Formalin & st = #fge of » 7
A eksteivl. dAe B HES A
Capacity & Polymer 0.5g o] 0.2468 N F eCls %
W BIEE 77 cc & fustel {EETIF 2ol Ml ok
(Table) 12 Capacity of polymer ap

| Time of | KMnO Percentage’
Po(liflrr)ler after-heat-| - soln. 41’ of mrt;%i/ g
treatment 'required | oxidation n
1] SW#FEEJJ 6.00cc 8. 09‘ 10.8
2] 5 ’ 6.5 88.920 11.7
3.7 . 6.6 9&32} 11.8

e,
/jrrﬂun
o

d) g &

Polymer(8)e] 1, 2, 3, 4, 5, = #3+x% Husk
o wiA Fn TIEEAMES A Hia w
stou #is & gike stu= gk

Benzene, Acetone, Acetic acid, Ethyl alcohol,
Methyl alcohol, Carbon tetrachloride, Amyl
alcohol, Ethyl Acetate, Toluene, Ether.

e) & 2
) EEe

Hydroquinone =} Formaldehyde ] mol H-7} —
£ Hydroquinone ¢] j#pse] ##{ko] wzx
weE Capacity o 8{L2 Higstd T she

(Table 13) Effect on the capacity of variable
concentration of hydroquinone water solution

HQ:F=1:1.2
) - ' . .

Quantities of] Oxidation et
lPolymerI H,0 used ! percentage meq/g-resin
3! 500cc | 74.99 - 12. 43
6/ 30 | sa83| 1395
[ 250 | 84.4 ’ 13.99
5| 150 | 84.83 | 13.95

Fig. 1 Effect on the capacify of variable concentration
of hydroginone water solution.
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Bl °] Graph ¢} Table ol A Xyl o}F HHI
RHEl A& Capacity 7+ #F E T Hydro-
quinone 1#fiel B 14 # o Bl o
brh o)A WEA obF: mEshw AR ES]
Hydroquinone ©] 1} HeAez 89,
Polymer(3)e] ko= ik Formaldehyde
= A HiEEREREE Sud e iR
O B0 o] s e ey °ls} Fr&
ok zelam @Est obF ad #ize) R
Ee wav gigo o Ha ke BEL AR
sto2 Hydroquinone 1 #s] 2 10 i S
T 28 mol oAb Mg o] whel ol ¥



o 4= R KL Jlgov] BEEEEE NS
=E EES B
L) BRG]

FREIENFNe] Capacity of v & = WE
Milgel A el e Ad el FEE féﬁﬂ°ﬂ
wte} Capacity = 3=l vhs #hol ok o] A2 fift
KIS AT o whek —ET HEe mIHa e
o] Hydroquinone ffize] #7} sy vhe FHE
Hge] = ek

©) Hydroquinone =} Formaldehyde 2] mol
hel R

Hydroquinene #} Formaldehyde 2] mol e}
{k7+ Capacity o »] 2= P8L = k& Capacity
= WA ehenh e #EEE dv

(Table 14) Effect on the capaclty of various mol

ratio of hydroquinone and formaldehyde.

E>\\.

Polymer . Mole ratlo1 gg?é(;ﬁ:ge maxRemeq/g
‘ | of oxidation Si

1012 84.4 | 13.99

7 1:2.2, 91.67 13.56

10 1:3.21 93.04 13.00

11 1:42 90.30 11.88

(Fig 2) Effect on the capacity of various mol ratio
of hydroquinone and formaldehyde,

N
K
o /
So
l matbi,
I /02 22 32 4.2

o]#2¢} Graphold 2= 77542 mol kb #
ofubal M= chb EEE Meolm gled
meq/g-resin-& mol }2] #jfne] w2} Capacity
7 LS 2l e

B5Es A2 212 Monomer ¢ FUEM
Mgy Eel shugs] A g fikelr] ool Ji =
e iAoz ]MESH REdE —CHz—
o EAE A ekgThe &iEme vk =Eu
—CH.— #£¢] #EAC) iz F e gl
e mol el el wet wel AR E AL
HEZA R E5% fEic] Yehded = o

(Fig 3) Effect on the capacity of various mol ratio
of hydroquinone and formaldehyde.

w1y P
,rj’rmi,«
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T i
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e
—
1.2
12 22 32 Fe
el R-A~

el A =HEA T v o] FIHL o] 1R
By FEEyECl BEMRS ] HHp SRR EE T
meq/g-resin o g1l A mol H7F Hhug el wheb
—CHe—Z27F st =2 £ A A= A qk
SHAS AL Fi = A Monomer ¢ FEeo] Hin=
aowhetA B R e Hydroquinone unit o) #f
T WH 1A Eel Capacity = LTS =3 o=
. #& &

HEiRE MRSk
1) Hydroquinone-Formaldehyde 2]
o EsE #ifRAT Ay ‘3’“1&%( E% 7HA
2.8. FeCls o fikal f{k, SnClz o {3+ %70
HEpo 2 RIS,
2) iR RELEMF) Capacity o = 2] & #Es
BT A5 .
a) Hydroquinone ¢] 3= Hydroquinone 1
part o] ¥8lod & 14 part LI Capacity
o vz W kst
b) #EIEE 100~120°C, 5~6 W5 jHE
A
¢) Hyvdroquinone 3} Formaldehyde ¢} mol }
mol Heigfie] whel Capacity &= KT
ol
LIRS R R ARERHERE Aol A
Hydroquinone #} Formaldehyde ¢ mol & 1.2
7o) 1045&e &g nst
EE WIS 100°~120°C = Sﬁ”‘j EETH
g HIESE B 2 MERE ey olde K
B bgEe 13 9meq/g resin °] ¢},
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