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Abstract To get the proper treatment conditions, sulfonation reactions of persimmon
tannin with sodium sulfite and sulfuric acid were proceeded in various settings, respec-
tively. Also, the property changes were investigated by carrying out the additional analy-

sis: elementary analysis and instrumental analysis using FT-IR, DSC, and TGA. The degree
of -SOsNa substitutions appeared 0.216 and 0.208 under the treatment time of 3 hours
and 6 hours, respectively and the degree of -SOsH substitutions indicated 0.200 and 0.167
under 9 hours and 18 hours, respectively by elemental analysis. In terms of the FT-IR
spectras, there was a peak based on the bonds of pyran ring and ether in relation to non-
treated and sulphonated tannin at 1,102cmt. No peak was shown in the sulfited tannin.
An absorption peak which was due to the C—0 of secondary -OH group became evident
in nontreated and sulfited tannin at 1,092cm and 1,090cm?, respectively but the same
result was not found in sulphonated tannin. The results of TGA analysis of the sulfonated
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persimmon tannin showed that the sulfonation of it improved thermal properties.

Keywords persimmon tannin, sulfonation, sulfitation, sulphonation, pyran ring, ele-

o o
]
ol
=
N
N
>
A
:?‘2
@L'
Lo
rc
o

o

rE

e
i)
9

lo 4o AN rlo
D)

ilivg

rC
rlo
N
fr 1o

fi
Eui i
8T 0 ol

I
o
U
Y
o =2
>
oY
o q
U
=

>
N
rir
N
>
©
=
mE

Ak,

EATAIA O] A 20| formaldehyded 2+
al FASEEA, A2 d3}
5 ST} AL A Y] A A Shof| u)
S04, 7164 59 8=t F7kskaL
ATk, ol2gt gt whebA Thald | whapss ) Bhd it
AA H2HA| ol thef W2 A

Tannin—based wood adhesives FolZ a7} &



70

sltol| A wattle EFHOZ B4 A7 A2 20 24
o] ¥ o]& FAWME o M= radiata pine TI ZFH
FET B S Pl HRA R AR, &
FoA= 1 HeAd 9 WA AlE2 PB(particle
board)e] A|=E #13t°] pine BHd& H2HA ==
7Wst it
L Ed
Qo] £
Zhgan gl
A&} ohug npEg
of, ol gt &= = AE-EH] 919
shett2E HIAI F o Ado]
Flavan—-3-OH& 7|2 Z 2%
9] o}etuk-g-2 A-ring¥t B-r
Bt A-ringof A 9] vHS-
7} Aldehyde®te] 8Hg-| Alkylation®hg-, |-
Absh 3RS ol kY. B-ring®llAl 9] ¥k
A+et, %94 w5 %‘EﬂolEﬁ} ﬂ"“}i%«l kg 4

2 Halogenationtk

o
v (sulfitation) @ 3HAF ] of o3t 3FAFS; HFS
(sulphonation) & FEE T} o}3ALs} vh-S-2 (2
AR ol &E7]7F == o

S
<
S
©
=]
=
]
i)
1o
Y
P
2
tlo

ey o] W32 Eofl E844¢

d 2259 Hrg T 02 FAAAZY,
ofghAts} Bl o] 8k 2= UM PB(particle

board) A& Aol A FIH 2 HIA 2 AHEEH =

3
sadel gyt A9 ofghitdl Bl FE5ES AN
sto] PB A4kl 55k itk A HaLeH0 AvRy
A9 ofghitete Bhd F+5E-2 cold—setting $HHA
A 2 A&+ PRF(phenol resorcinol formalde—
hyde)9] A ol%= 50%5 HAY 4 Uth= AFH L7}
ATHY | BRALSE HES-of 9% & Z3}= pyran ringoll
%+ ether bondE IHHE FA3HA &E7]7F =Y
Ho gz Ak A5t} gle FAksl vksolztar & 4= 3l
om 53] Hrrt Qe SR AFEEHTH?,

HA, A 2 g OdE e 9o 2

e,

AREEI AL QT ZhEol e e A Bhd 2

S A7 sEE] A Al 294 A 25

dE7| - =t

ST} W] o] A Fo ABpE| AL H A o]
715 49w ghol WAISHRL Qick, grebdl el Bkl
L e S g A 8k oo ol eldt AAS WA

AU S B

e =
% 92 Wt ok}, 5ol et 22
A} _/,:0

Sl Aol ol 2 AFANE 2
2 Aeloha o] w2 Bl - 5t

E}‘d% =3

WSS ARSI
2.4 &

2.1 el 2| HMZet Al

2 Aol AREE FEd R AR gl
UE AL AFAZ7IE T0TAA 120417 Az
wHsto] ZEAE = ghEo] B o] AA glol 11
2 Aol ARt e, &E3 vhg-ofl AR AR
sulfitation ¥F-§-oll Al = sodium sulfite(Na2SOs,
Duksan pure Chemicals CO. LTD, Korea)¢t
sodium carbonate(Na2COs, Oriental Chemical
Industry, Korea), sulphonation ¥H-g-ol A= 1%
sulfonic acid(RSOsH, Duksan pure Chemicals
CO. LTD, Korea)7} AHEE o BE AJoFS 14
AloF I = ARE-E U
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2.2 Sulfitation
2.2.1 2| 22t AlZofl M2 sulfitation
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shof B3 3= A (U-2800 UV/VIS spectrophotome—
ter)2 Zof SFubgol A FFE e okt
Treatment concentration of sodium sulfite :
25% o.w.tannin powder
Treatment concentration of sodium carbon—
ate : 2.5% o.w.tannin powder
Treatment temperature : 60, 70, 80, 90C
1,2,3,4,5, 6hr

Tannin powder concentration : 1% solution

Treatment time :
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Treatment concentration of sodium sulfite :
25, 30, 35, 40, 45, 50% o.w.tannin powder
Treatment concentration of sodium carbon—
e 10% o.w.sodium sulfite
Treatment temperature : 80T
1,2,3,4,5, 6hr

Tannin powder concentration : 1% solution

Treatment time :

2.3 Sulphonation
2.3.1 2| 2t AlZiofl 2 sulphonation
A ot A7t E}%

shetom Hel £0 ofaht gt
Treatment concentration of sulfonic acid :
25% o.w.tannin powder
Treatment temperature : 80, 90C
Treatment time : 3, 6, 9, 12, 15, 18hr

Tannin powder concentration : 1% solution

2.3.2 Sulfonic acid M2lSZ=0| 2 sulphonation
A s WE sulphonation =5 Lol 7|
S obdfet e A0 SIS WEOA 2.2.1
3 e oz ARt
Treatment concentration of sulfonic acid :
20, 25, 30, 35, 40% o.w. tannin powder
Treatment temperature : 90T
Treatment time : 6hr

Tannin powder concentration : 1% solution

S
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Figure 1. The structure of proanthocyanidin.

van—3-ol2] SgA ¢l
o] QlEkaL g,
Ehd 9] &E3k= 4714 S stoll A 9 sulfitation'®
3} A 27 0| A 9] sulphonation'?- Figure 29+ 2
& HEgo] FREg o= Yojdrial gt
714 =SOsNa2}t —S0sH2| #] 2= (g
o9 A1), Aoz g 4= Sl

proanthocyanidin +22 &

)=

substituent of sulfur(s) after sulfitation =
39%/[312(1=%) + A16x] +vvevveerevermneeriueene 1)

where,

x . degree of —SOsNa substitution

312 @ molecular weight of repeating unit
416 : molecular weight of repeating unit

after sulfitation

substituent of sulfur(s) after sulphonation =
39%/[312(1=x) + 860x] +++verrererererrrrareenes ©)

where,

x . degree of —SOsH substitution

312 : molecular weight of repeating unit
360 : molecular weight of repeating unit

after sulphonation
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Figure 2. Sulfitation and sulphonation of condensed tannin.
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Figure 3. Sulfitation depending on the sodium sulfite

treatment times and temperatures at 1% tannin solu—
tion with 25% sodium sulfite o.w.tannin.
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Figure 4. Sulfitation depending on the treatment times
and concentrations of sodium sulfite vs tannin at 80C.
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Figure 5. Sulphonation depending on the sulfuric acid
treatment times and temperatures at 1% tannin solu—
tion with 25% sulfuric acid o.w.tannin.

73

0.8

06

0.4 4

Absorbance

0.2 4

0.0

2‘0 2I5 3‘0 3‘5 4I0
Treatment concentration(%)
Figure 6. Sulphonation depending on the treatment
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Table 1. Elementary analysis of sulfited, sulphonated and nontreated persimmon tannin

Element
Items -

Nitrogen Carbon Hydrogen Sulphur
Nontreated 0.5690 51.0378 5.0823 0
Sulphited 3hr 0 41,1159 4.1793 2.7553
Sulphited 6hr 0 41,4094 4.0503 2.6539
Sulphonated 9hr 0 43.4436 4,1500 1.9932
Sulphonated 18hr 0 44 1515 4.1279 1.6662

Table 2. The degree of =SOsNa and —SOsH substitutions(%) in the sulfited and sulphonated persimmon tannin

Sulfited persimmon tannin

Sulphonated persimmon tannin

Treatment time(3hr) Treatment time(6hr)

Treatment time(9hr) Treatment time(18hr)

21.6 20.8

20.0 16.7

A7) et Ao 28t
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Transmittance(%)

1400 1200 1000 300
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Figure 7. Ether bands of the IR spectras of various
persimmon tannin (a) Nontreated, (b) Sulfited, (c)
Sulphonated.
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Figure 8. Thermal gravimetric analysis profiles of
nontreated, sulfited, and sulphonated persimmon tan—
nin samples.
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