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Abstract— This paper is on for a material to replace the petroleum-based resins used as adhesives
for the fiber in rubber composite materials. The study limited to the reaction properties of tannin

with formaldehyde,

Tannin-formaldehyde(TF) reactions were carried out in aqueous media. Rates of reaction were stro-
ngly dependent on concentration, temperature, pH, and the mole ratio of tannin to formaldehyde.
Viscosities of reaction mixtures were followed up to gelation. The reactivity of tannin-formaldehyde
resins was greater than that of resorcinol-formaldehyde resins. To formulate an adhesive, a styrene-
butadiene-vinyl pyridine terpolymer latex(L) was added to the TF.

This preliminary results suggest that the condensed tannins have considerable promise as substitutes
for resorcinol used in resin formulation for bonding of fiber to rubber.

1. M

rhu

59} AF Aol P EAS A=
TAAE 24317] SE efelojst 2 %"ﬂ%é}‘ﬂ
o)-¢ Fasith dubH o 3Fe Hfe 5A
3 thadh A EAS
el 7= AFP A 02 nonpolardliL high elas-
ticity s zZ+ech 2Elsle] el F EAo] 7t
A= olx]x] ety £L& B3 EA4S 7N
& 4 glth elolo] cord®t ZF9 F -2 Takey-
ama®} Matsui®] =% & Mdu=s]o] glchV

194039 Zoll B3 o) AH2A 24 2= reso-
rcinol-formaldehyde-latex(RFL) system-& o} & 7}x]
] A257 9ol eyl resorcinold] A& <l

KN
g

L=
T

= polarstal high modulus& %

o

116 /@#BERm M TBGSE H4E $H3% (1992.9)

713 ApE FE0 2 HoddA 92& 4 3= con-
densed tannin®] AR&-¢] FAle] E ). Conden-
sed tannine £Ajo] phenolic AlE°]3X resing
HAsl7] $isl resorcinolx® formaldehydes} uk
& dodld o] A sbed =¥ Ad 98
resorcinol®] Al chemicalZA] £L& F1 EAo]
2z} oAtslo] 2t} Condensed tannin polyf-
lavonoid® T-A=e] XL 7]& F 7k Hefe] +
Z+ Fig 1] Hojxt}h Formaldehyde:
nol¥} formaldehyde Alele] whs-5} H-A}3lAl tan-
nin# methylene t}2lE& A7) s8] whs-3c)
Fig. 26l B.od%] 73} 7to] formaldehyde+ tannin¥}
methylation ©HA41E AL % polyflavonoid& 34
gt7] $18 SPurg dAE ARA<= €S- mecha-

resorci-



Condensed Tanningd Z &% AZAANA Tannin? Formaldehydeo] Hb-gof 3t 7 53

nism& ¥ oj&ek? 9t formaldehyde®) phenolz}
2] uke-Ad& 1 olkal 7HA’E resorcinol 9]
vhe-Ae 10 Ax oA tannin®] A-ringz}te} uHkg-Ad
£ resorcinol®} A wHF Eokch o] tan-
nin®) %2 formaldehydeo] th&+ uk-g-*do] resorci-
nol diAsly] $1% iy Fx EAE IS
ZAR o9 st Hek

ag]ste] o] Aol 3L condensed tannin®
AFRA ) 84229 rFeAdE AR 93 A
A A=A formaldehyde®}2] ¥H$- mechanisme-
A3l ek

2. 23 ® ey

2.1 AR U A9

- condensed tannin ; pecan pith sulfite extract

-37% formalin &< ; certified A.C.S.

- sodium hydroxide ; certified A.C.S.

- Gentac 118 terpolymer latex:
styrene/butadiene/vinyl pyridine=15/70/15

2.2 AlEaky

2.2.1 Tannin2| FH[Y

Pecan nut pith®] sulfite extract+ 2549 m/¢]
Fg-Ae 4 sodium sulfite(20.4 )¢} sodium carbo-
nate2 g} AHE3l Al H2 powderE F%
ghell sl dejArk i reflux 250 =237
s 12)73te] 2F=Ele] AT suspension 24]7}
< 7HdEe] Aok 2 oh$ suspension WY 7tE
o} 2| I glass woolS &3} Tl °43’+54°1 Zrt 100
mie] 5" §4e F& FEE AAsY) -‘H%H
35 Adzsgck veA 44 21284 9] solid g 27)
S8 54z =gk

2.2.2 Resin®| FH|

Water base?] resine & ¢]] kA 3] tanning
SN F S ER] S o] EAL AFE e FHok
282 formalin £-93} NaOH £do] FHrls]e]
wk-3-0} A)1Z= gtk TF(tannin-formaldehyde) resin
L9 oy Frod FRIEY H, 482 10,
23, 12]a 60T 9] "hg2=9} &9 pHr} 5.3
(NaOH7} $= 7-9), 6, 7, 223 99| A #l3)=]o]

zc} =3 tannin o) formaldehyde®] 1:1, 1:2
22]2 2:19 moledlolAE ¥k$-o] P Hr)

223 H =3

Resin®] AEE ‘Brookfield’ HE=AZS A3l
93 2AHY Aok AL AT &, AT
At x4 FA=o] Hu UubH SR resind
257} =X99k7]d S E thixotropy 42 W
A ¢ ok

2.2.4 Resin®| H¥ N3

TF resin®] 934 AHAS =As3}7] $1s] DuPont
DSC(Differential Scanning Calorimetry)7} Al-8-5|
o] A} Fv|5 o2 resing ¥FHFEA-L 10 g/d/9]
2% tannin o formaldehyde2] 1:1 mole ¥], pH
7, 28] 3 23C ¢] w4254t} Resin®] gelation]
doid F A2 o] HHHZ 0T oA HFFL
Azxse] Ak AFw W9 —80T F& 200C
13 heating ratet 10T /mino] it}

2.2.5 Resin®| dynamic mechanical §4

TF resinel]l 7125 £ AH&A| film¢ dynamic
mechanical E4J°] ‘Polymer Laboratory’ ol 2]}
A)2t=l DMTA(dynamic mechanical thermal analy-
ser, model DMTA-2) AAE Al&3}o] ZALES]
ZHr) HFAAE= TF resin &8¢ S92 terpoly-
mer latex(L)S A7}l o8 Fu)=le] #H3(TFL
adhesive® =9) teflon 9ol castingdle] AR
A1Zlell 98] filme & 5 wdgith Heating rate=
2T /mine]g 3 A&-& $3) shear moder} A=
o} At} Storage modulus(G)<} loss tangent(tan
8= APE IA do]&c} Dynamic EAL —60
THel 100C Aol EAs] B A n)
ngE wAsly] g3 Aol A FHejxch

3. #nt 9 nE

Gelatione AA7} 742 Hale
=

|
v}

L 25
3RS ST IRE = e dakelrt
Gelatione 2E ¥hg-Eo] v} uh-g3}7] 3o

-5t
8}7) ¢l HF2-& gelation T £ A<Hc)
292 9] slaAe HiAs 32
EHE & HAA =30} ok grd
%71 YUF E7) gelatione] U5 o wAysicid

]

o =2
>4

dfbl

rlo

o
g o D oX

3, B2,

J. of Kor. Soc. of Dyers and Finishers, Vol. 4, No. 3(1992.9)/ 117



54 2

A2 =
2 2] pot-lifeE

29 7158

3.1 Resin =T 9| TF u+20f| OfX|= L&t

2822 gelation kinetic Are] Fxo A7}
zA g o] A}, w27 T(tannin)/F(formaldeh-
yde)?] 1:1 mole®], pH7, 28]x 23C ¢} ¥k
9ok 3= 1 g/di2 3 10 g/di7}A] ¥W3tE ezl
F Axrt A=} ok Z3= Table 1o 37
o] Ak 5g/dl9) FE7A HEE 10d A=
WS AR . A2 kA kskrh Tg/dllA A

o

B

gl

O A
-HE

il

rate =k;[aldehyde][ tannin-OH]
+ ko[ aldehyde][tannin-0~]

=& AT Zlolrh 1este A
bk AL i Fasich OH OH

1

e #3AF F71EA 6§k g ¥ gela-
tiono] WAk Fxr}l 8g/dl el 10g/diE
Z7t= o)A whe} 32417k 2] 3 4] Fol| gela-
tiono] ®AFTl o] HZHE] TF-resin®] gel = ” —
. ass procyanidin prodelphidin
time& = 7g/d AA T= ol A A 2 Monomer || catechin gallocatechin
A3 AL 4 F 9yt o)L ofulx tannin Cc3 OH OH
2abe] @zl Fael sQstelzh Azsle] Ach c5 OH o
. Cc7 OH
Fig. 1o 2z 713} zo] tannin®] ¥4 & = ca H H
7]9} bulkiness w5l ¥k-g-o] Ao E mole- c3' OH OH
culed] A £xl o = c4' OH oH
Alkaline &7 o}e]4] tannin3} formaldehyde2] c5 H OH
uk-8-2 tannin = tannate equilibrium w-F-oi| Fig. 1. Basic unit of polyflavonoids.
Table 1. Viscosities (Pa‘s) of T-F resin solutions at various concentrations
M1, 3, 5g/dl
Time (day)
0 2 4 6 8 10
Conc. (g/di)
1 3 3 3 3 3 3
3 3 3 3 3 3 3
5 35 3.75 375 4
2) 7¢g/dl
Time (hour) 0 9 20 58 69 74 93 104 144
Viscosity 3 35 3.5 17 200 1150 3600 7000 gel
3) 8, 10g/d!
Time (hours) 1 2 3 4 9 24 32
Conc. (g/dD)
8 3 - - 3 — 55 3400 gel
10 3 45 19 8600 gel

(note) 1. Data should be multiplied by factor of 1073
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Fig. 3. Viscosisty change of T-F resin solution with
reaction time.
(a) Case 1, (b) Case 2, (¢c) Case 3
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Table 2. Reaction conditions of T-F resin solution
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Fig. 4. DSC results of TF resin.
(a) first run, (b) second run
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