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MEELT, 72 /=0, A a7ATFe ¥ GIYKER BiilREfkaz, V7 =vi7
h Y MERERE Lic b =) v P (BB TR SRS, a0 7EEREK XL 0
B LcdD) OFEE ST, BeiT IO L TERB L% A,

% OE '

S REBSE R Hewlett Packard #H84 302% AKERE M, 77k Ve 77 v EH
o, 4 EBEEE T BMEEA RS TEHE Lz, £ Py iR 30mg #fHWE Y vk
THIE L, TR/ R EFERTCKE L o RIMRBINA <27 b (IR A=7 b))
OREE A ED KRS HRA02GH (AFEFED % Ay KBr §e&l (KBr 500mg/308 3mg)
TIT72 D1,
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1. ¥4V 7 =v

b=ty v PRBTRY LFEU L, 5 %MEET CEE, FAILRE, MKTHE LT, ER
—EEEBETINHLSOE Lz, 2D dDRETEN, BEOKHEKT, €V VLELICERE
Lice &DbODILESHIEL,

C :66.20% H:5.85% T
OCH;: 13.4%, #f& 1,360+60
TH Do CDFAY =V DNWTRD &S IRUBE AT Dk,

1-1 7A5 ) EROENHE

FAY S = v 2YKMAET Y Y AKER TSR EE LD X O ABL, < OBK 2ml
# 20ml e —»—wcd b, 140°C [Eidshic 3RHEE L <, RET 5B 2E .

1-2 71511t

FA4Y 7 =v0.508 ey v 10ml, EKEREE Sml #inx, LEFE&FRESLC =i
(15~20°C) < 1 BB L7z b, 400ml oRKicEALT, AU REBEFIHNL, KTES
Wl Licth, B GACHRBEZE L. &E0.608,

2. 7=/ —nAkAATATF e FVEE (PF)

Table 1 wRFERT, 7= /2 —, kA=Y, KE{F Y7 A% 500ml B=1+ <
FALTTARaED, SHEVMN LT, REXBERECERLARD, 80°C T 2kHKIG
X, RO 2EORRE B 2.

21 KeRNEOHS

Table 1 ® PFy.o It oW T FRRIGHRTHKIGHK 10ml 2 & b, 50f5mOKTHRL T, B
BOREWEBLSHL, 2B 1 LOKTOEBELES LKL, & OKECAEOREG DKL
Y A WEERHE Ut

2.2 N

Table 1 O CTHEL L - &85 2ml 2 20ml B —» —ic & v, 140°C [EiE %4 3 BF
fIFHE L, B8,
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Table 1. Chemicals used in synthesis of phenol formaldehyde resin (PF)*.

PF resin . phenol (g) 37% formalin (g) 2095 NaOH (g) H(9)***
PF,.g** 9.1 81.1 5.0 58.2
PFy.0 9.1 162, 2 10.0 48.9
PFj.q \ 941 243.3 15,0 40.7

* : Reacted at 80°C for 2 hrs.
** . Subscript denotes mol ratio of formaldehyde to phenol.
*** : Yields of PF resin cured by heating at 140°C for 3 hrs.

3. Vs =v kA ATATF e FEIEH (LF)

Table 2 L FZ4EH T, V/=vEREAL=Y) VEARAL, 80°C C2RMKRIGI ¥R, ©
DRI A, iEbic, KBTAHL, BERERCREFELL. ZOREEKDO—Hr» b, nEc
L OBETHEHS, Bl rhBoxE, SbEEEY 1 2IcELT7eF1{bL 2,

3.1 Mn#Euc X 3 EEETVS Table 2. Chemicals used in reaction of thiolignin and
2.9 LK LT&EE 2ml formaldehyde (LF)*.

P B ETBS & B 1, ] 3795 formalin (g) | 15% thiolignin** (g)
3.2 BRic Xk BULBS { ) .
RIGHE 5ml % » 0, 300ml o7k LF | 102 02T

AL, 5 %HEET pH 2 1cH | 0.0 027.2

#®LCHMEETEY Y 2008 L, * . Reacted at 80°C for 2 hrs.

IKikZ < DR LT WMEFEER L 12, ** : Dissolved in 2% sodium hydroxide

IWER KSR L12.3%. =D& D DTEESHER,
C :63.73%, H:5.77% THTERX]430+£50TH %,
3:3 7x711k
Lt 3-2 OULEN 0.50 8 AR D 1-2 LM U HET7 v FAfbLrco INE0.628,
4. FAV I =VERE 7 = 7 —LORABKDINE (PL)

Table 3. Mixture of phenol and thiolignin solution Table 3 wrR+EHTFH4Y 7
(PLy*. 2vE T =Lk =A7F AT
! phenol (g) 159 thiolignin (g) e 0, REERERIRC B L
{ ° y SRE LR, ©
FL 9.41 62.7 mib, 80°C T2 RRIERE L 7o
! DOhnEH Sml 300ml oK TH
L | 0.0 62.7 IR = KT

| B, 5%HiEEC pH 2 wiREL,
* ; The mixture was kept at 80°C for 2 hrs. T I A E B LT, Kk,
WEREE L e WEREAK K L 12.9%,
5, Z= /=i )T =y kA ATAT E FRIEY
5.1 7= /—=Akna7ATFe VEEcF+Y) 7=vBREES L D PF: L)
5-1-1) Table 1 wiR L7 PFey @ 15% =4V 7 = v &% % Table 4 R+ KB CES
L, chbo&HRAKY 2:2 LR L TBELI 2k,
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5-1-2) Table 4 ¢ 77 L %= PFa.0: Table 4. Composition of PF: L resin*.
Li.o oB{LBBIc oW T BREFT 5 PF:L PFa.o (g)** ’ 159 thiolignin (g)
=%, BEW 2ml 2 20ml Ry~ :
e, BEH 2“: * B()n: wE PFy.q : Lok 133 0.0
»—ic 0, HOCERAST, I PFy.0: Lo.s P | 15.5
%?E%Faﬁ&gif @'{té’&y ﬁ%? PF2.0:L[.0 V4 : 310
% %5 O W% Kot (Table PFa.0: Lis % | 46.6
7)0 PFz.o : Lz.o ” J 62 1
5.1.3) Table 4 1257 L 7 PFa.o: * : PF: L resin is mixture of PF resin and thiolignin
solution.
Lio wowT BLREOEEE A ** . See Table 1.
i, BALERE A 110, 120, 130, **% . Subscript denotes weight ratio of thiolignin to
140, 150°C @ 5 BpEICZE 2 T, 2 phenol.

RRfEINZA L CHifb X e T LT, BE T 5EES ONE L KD 2 (Table 8),

5:2 7= /=LA ATAT e FEROMBBEIRY OB RIS, 74V 7 = VIEROIMEE
HEH S, OB K xESG LcbD PF+L)

LD 51 L oHBD D, 2-2
D 7= /=L RAATATE Vi
( (PFz-o* 2mg (PFs-o* 2mg fg % 140°C T 3 BRI L < HE1L
L**  Img L 1mg L Img IR HOET PHEL, chéll

Table 5. Mixture of PF resin and lignin powder.

PF,.0* 2mg

\Sre T = = b A
* . Powder of the products obtained by heating PF RSt FAY 7= DBREE
resin in Table 1. Table 5 wRFT HLTEALALDD

** . Powder of solid prepared by heating 15% thio- AIRELL 2,

lignin solution at 140°C for 3 hrs. 5.8 T2 )/ RAA TAF

L FRIGKRIC T4 Y 7 = vEREM2 T, Ibieihsedbo (PF-L)

Table 61 R+ EBET, T 7=/~ RAATAT L FEKEELF bV v & il 2
WT, 80°C Tt 1BMIRIGEI Y, FAYV 7= vBEREMLT, 0&o0% 1 HEKIGI €&,
thBORIGHK Sml %, 500ml oK FHFMRL, 5%HME T pH 1.5 L, AR T IR
PERLT, Kk, WEZ®R L. ¥4, cnbONGKY 2:-2 LU HETHEI ¢k,
5:4 7= /=) =vRIGKRCHEL< ) VENZ, IbEREIELLD (PL-F)
Table 6:2 CRTEIE T, 7= /= b5+ ) 7= vERZERLADL 80°C 1 1 KERME
L, kA< ) VEMZT, O0&EOSE TRRIEE L, BIF, 53 bRAUHET, Wiy

By %157,
5.5 V=V -RAsT7AFe FNIEKIC 7= /7 —LZN2T, I NGEIELED
(LF-P)

Table 6-2 wRTELT, 4V 7/ =VvEK, wir<) v, KEBIEF MY w22\ LAN
5 80°C T 1ML & ¥, 7= /=&ML T, 0&FO3F 1 RHIREE L, LT, 53
LRUFET, Y @y rBi.

56 7=/— N7 =V kRl AaT7ATe FRIGK (PLF)

Table 6:2 wRIT BT, 72/ -1, FAYV 7=y, hr=Y v, KEELF b Y2 A%
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Table 6-1. Chemicals used in synthesis of resin.
37% 159 » -
: phenol . 20% T S Dx3 «3 | cured resin
resin ) formalin NaOH (g) thiolignin | F/P L/P (%)
(® ®
Ay 94.1 81.1 5.0 0.0 4/4 0/4 58.2
B: 70.6 ” ” 156.7 4/3 1/3 36.6
C, 47 0 ” ” 313.4 4/2 2/2 27.8
D, 23.5 ” ” 470.7 4/1 3/1 26.2
F As 9.1 162, 2 10.0 0.0 8/4 0/4 48 9
PR_L*t B: 70.6 ” ” 156.7 8/3 1/3 38.8
C: 47.0 ” ” 313.4 8/2 2/2 29.1
D: 23.5 ” ” 470.7 8/1 3/1 20.5
As 94.1 243.3 15.0 0.0 12/4 0/4 40.7
Bs 70.6 ” ” 156, 7 12/3 1/3 32,7
Cs 47.0 ” ” 313.4 12/2 2/2 23.4
D3 23.5 ” ” 470.7 12/1 3/1 17.4
*1 : After keeping at 80°C for 1 hr for the reaction of phenol and formaldehyde (PF), the
reaction mixtures were further kept at 80°C for 1 hr for the reaction of PF and L.
*2 : Mol ratio of formaldehyde to phenol
*3 . Weight ratio of thiolignin to phenol
*4 : Resin solid prepared by heating at 140°C for 3 hrs.
Table 6-2. Chemical used in preparation of resin.
37% 20% 15% cured*¢ C
resin phenol | formalin | NaOH thiolignin | F/P*? | L/P*% | resin prec(lgt)ate*f"
® (® ® (%) °
PF-L*t | PFy.o-Li.0 25.3 20.0
PL-F*6 | PL,.¢-Fy.0 24.9 13.9
9.1 162 2 10.0 627.3 2/1 1/1
LF-P*7 | L,.¢Fs.c-P 242 13.5
PLF*8 PL,.¢Fs.o 25.5 13.5
*1, *2, *3, *4 : Ref. Table 6-1
*5 @ Yields of precipitate prepared at pH 1.5
*6 . After keeping at 80°C for 1 hr for the reaction of phenol and lignin (PL), the reaction
mixtures were further kept at 80°C for 1 hr for the reaction of PL and F.
*7 . After keeping at 80°C for 1 hr for the reaction of thiolignin and formaldehyde (LF),
the reaction mixtures were further kept at 80°C for 1 hr for the reaction of LF and P.
*8 : Kept at 80°C for 2 hrs.

HHREA L7esi s 80°C T 2B IS & ¥ic, KL, 53 ERUFECUEY S X OBty r e

775

w3 sIcERL, ¥,

RRBIUEER

FAYVI =, T2 )=y, RAAT AT EFO SRS B I B I OISRV

— 57

Y 7= RS RIGIE X 5 O A B L e,
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1. =4y sr=v
IR A7 b, V27 =vOWIEE, hs0% < HNBRTNBMBSLELI0GILIE - 5oy o
=vicBT5b01R, I@BELHL WY, Fig.l oark, KERCHVWbREFA Y /= v
DIRARZ P AT, A LIZHOW L XL —KL Tk, BRINHEH 1270cm -1 >1220cm !
ThHoT, $HEMOFEELTRL T2,

1-1 740 ) EROENHE

Fig. 1 o bicRH T, 7Ah VEREBLELALETD, BRINARZ PriciE K EhE
B bW, 1715em Bz D >C=0 1 d & S BINAH 2 5,

12 7F0{bsF+Y 5=y

WES IR A7 PV ERMBOBVKEBEORINAE SO TWI L EnbEZT, 5
L7 eFAlbI N Twiswv, Fig.l o clcmR T L5k, 2OHLDODDRINARZ bk, —
B 7 eF Lo oM, WINEREE 2 1270cm-1<1220cm=! &, bl DFH+ Y 7=V
L e T\ B,

Fto, 7z —AWKEERIC X5 E 35 1000~1100cm-! @ 2 oD HIND 5 & 1090cm =1
OWIN A EEBMcCBEI L TWwWb, 2 Fafbick b, chBDORIAHEELTWSC LW EE
b T, BbIL) 7 =vOKEBKCEET ZREREE2 bR S,
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Fig. 1. Infrared spectra of thiolignin from AKAMATSU (Pinus densiflora).

a. Thiolignin.
b. Solid prepared by heating alkali solution of thiolignin at 140°C for 3 hrs.

c. Partially acetylated thiolignin.

2. 7= /—AkAAT7AF e FiElE PF)

2.1 Table 1 wiRLk PFey OKIC ANED D IR A=z % Fig. 2.1 iR,
1000cm~! R @ 2 F v —AFKICEERT 2RINOKE I G, ERYR VYV — 1 247 DRl
ThhHENEDBND,

2.2 Table 1 iR LAZEIEOMBBEILY OWINA<R2 P A% Fig. 2.2 wid, 7=/
— a7 AT e NEIED IR Ax7 bk, RicHARD 51516171819 = r S THE I T
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Fig. 2-1. Infrared spectrum of phenol formaldehyde resin prepared by pre-
cipitation into water.
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Fig. 2.2. Infrared spectra of phenol formaldehyde resin (PF) cured by heat-
ing at 140°C for 3 hrs.
a PFy., b : PF,., ¢ : PF;. (Ref. Table 1)

WA, ZOHFEOWEDOKRBH,R, Wil LRRARYcET 20 Th ok, Fig. 22
i % £51, PFio & PFao % PRy 870, 1400~1500cm~! &7z 0ic 3KDOHHEL 72
WL A 7% L, 1090cm~t & 820cm~! I bW ERT o 7= / =k a7 AT e FRIEHD
BLEOBRE oWk, 12.2¢ (B 820cm~) i L of 13.254 (FH 755cm~") DWEIKE D
X TR HESSEHE IR T 54, Fig. 2.2 i $ b (PFe.y), ¢ (PFag) oW Tk, 4T
I BAEREA TWD  Epidbn b,

3. V=V kra7TrATFe FRIGY (LF)

WY ©, bhbiid, V7 =viiki<) VOREGHKY 80°C T T2 L, ¥ENLEAL,
HHEREMHL ETik, MEETRIEERXNE TSI o b L2W|E L,

3.1 RIGKO Mz & 5 BREEES

Fig. 3 ® alcm+ X Sic, 1200~1300cm = O D24 O WRIN D5 X 238 L, #E1fks & o #E2
W7 a —AMKEEER X 5 E v 5191000~1100cm-! © 2 ADORINERE BT L TR %,
3:2 [Ehic kBB

Yy 7=V LRV AT AT e FEORIGICOWTIE, §¥ T, V)7 =y OERMREL &%
2 b BETFMMEEHERACTEADOKRFLRIMA LR TWBEY,, FF ) V=V ERVLATALT
e FEORIGERDC VTR, ZNb2KEBES LU TEOWMEREL TWwa™, La



K # B % 445 (1968)

TRANSMIT TANCE (23)
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Fig. 3. Infrared spectra of the products prepared from thiolignin and formaldehyde.
a : Solid prepared by heating at 140°C for 3 hrs.
b : Precipitate prepared with 5% H,SO,.
c : Partially acetylated product of above mentioned precipitate b.

L, AEBRcxT 588 cik, 2 TFEHEMNELT»TH 5, Fig. 3 0bicRmkd L5k, V7=
Ve RAMAT AT FRIGHDORINA 227 Tk, 1270cm~! 5 0%IN & 1200em™! £1iT
OWINEEEEA, L DFA4 ) 7 = v ORIGEE (1270cm~1>1220cm™!) ¢ ik b, ZDH 1
0 ORIERE OBALE, COEEABEORBORNSNEEOTWDLATHD, L,
FRMELROES>DT, EFAMEEHDO IR A27 bALOBRBI LOoTd, HMARECH L,
ZOREIAHRE Lt BEOHE S LoTHRTIE, /7Y o Aot s b
DEEZBND, ¥, AFMLICEIDOTHERTHE2MT7 a2 —AWKBEC LS L3R T
W5 1090cm=t QW BN 5.

3:3 7511t

Fig. 3 ocicR5 x5k, 4V 7=vicHbhi 1200~1300cm™ @ 2 2RI, &
WO e EFORINEEDH D, 1200cm! ffHET20oD Y~ 2 R, EFih, FAVISI=VDT
wF A EEL X S, 1000~1100cm=! @ 2 > DOWINAFEFEFEHcBE L tHbh %,

4, FHYV IS =VvERET =/ — L OREEO ME (PL)

BEE»HD, BB IOoTHEYE L (BboollE12.9%E, BEROFABC AW+
Y 7 =vORKI3.0%ICIZIF—KT %, Fig. 4 KRT Lo, 2DbDDRANRBINL A~ 7
FMLERFA Y S =V DFRE—HT D, F4 Y V= v OEBBE TG 57 = 2 —abid T
MBI bNTw5ER, RERCET S L5 LEHETTR, 4V 27=v 7= 7~ D[
ik, RIGHEFEEAEELEWEEZ BN S,

5, T2/ =02V e hAATAT e FRIGY

5l 7=/ —hAAa7AFre Fiifes4 ) 7 =vBRyESGLE-d0 (PF: L)

5:1:1) PFoo: L ki3 254V 7/ = vOMERDOEE

Tale 4 CRTHODOHIEYD IR 2= b % Fig. 5:1.1 &R, chix, ¥4V 7=
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Fig. 4. Infrared spectra of thiolignin prepared by precipitation into water, after
heating mixture of phenol and thiolignin solution at 80°C for 2 hrs.
a : Precipitate from only thiolignin solution
b : Precipitate from the mixture of phenol and thiolignin solution
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Fig. 5-1.1. Infrared spectra or PF:L resin (table 4) cured by heating at 140°C for
3 hrs.

RV ATAT e FRIGY), 7=/ —AHR A ATAT v FRIGHOKRMTH 2 & FHEINE,
LoLiehib, #4) 7= vORAGE LTI LG LR, ¥4 ) 7 =vORIRAR7 b
OB Blb v, 2 & 2F, 1400cm=1~1500cm™! H AV bF+ ) /=D 3
KOWI A, BIMECTBEL < ed, cOC 2R, RIHY THERLL LD, 4V 7/ =V
MEL ZHBRCHIEA T, HEEHERIEvbhTwac E2THT I LE 2 bR
bo ¥z, 1045, 1090cm~t @ 7 v 2 — AHIKEERIC & 5 & IR CTw BRI 2Ed L, 77
TUYNABOBEIC X B L #E 2 Bt 1200~1300cm~! @ 2 KOWIXD K/NBEEA, 7= / —
W RILATAT e FRIEHRF AV 7=y « A ATATF e FRIGH ER CHEA 277,

5:1:2) PFo.0: Lo OBICAERMOZ K X 2%

Fig. 5:1-:2 iAo h s X Sic, 51-1 T~ @L<, 1400~1500cm™! F OF+ Y 7
=v D 3IKOPMSERINE — 7 23Blbh o v, IEERTA 0.5 BRf ¢k, 1040cm~! & 820cm™!
VBN EZEL TWDC ERRBBINT, 72/ — Ak a7 07 e FEIIEOBL, H T
Lidbic, COMHP OB T 5 &E—KLIHBEERT, HERGBO 29, Bl
F#a Table 7 iR d, IR A7 PAL OB LI BB AT L 0.5 BMmME L7 d D2 S,
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Fig. 5:1-2. Infrared spectra of PF;.,:L,. resin cured at certain times, heated at

140°C.
Table 7. Relation between yield of resin solids and D& ODIRETIGITE L,
curing time. 5:1:3) PFa.: Liotc 513 5 Bk
curing time* (hr) cured resin (%) =Ry A
0.0 100.0 Fig. 5:1.3 Ll bh 2 XS5,
0.5 35.6 BLEED Zic k2 RIXA<27 +
1.0 26.5 LDER, BEAERD B,
Pi.oFa.g: Liog** 1.5 25.8 e
A - o5 6 2 & 5 AR n B R
95 25,7 kv, £RT HEIFOBILER,
3.0 25.7 AL TS D e ELBRS,
* . Heating at 140°C B oz, kYo I & A
** . Ref. Table 4 Table 8 =+,
\x’v\‘\
- \w\ | T S /0%
oy . \,//V\ - —
g T \/\ \/\/\ - e 120
= /7 \\/\/\/\/\/ )
~ N \ 30
i /\/\/\/\\/ ~— /40
2 v /50
<
X
~

1800 J700 600 /500 /400 J300 j200 100 J000 900 800 700 600
WAVE NUMBER (cmi™)

Fig. 5.1-3. Infrared spectra of PF..,: L., resin cured at various temperature, heated
for 2 hrs.

5:2 7=/ —=NkRAAaTAT e VRO KL F4 Y 7 = v BRK O B ET S
OMREZRA LD (PF+L)

Fig. 5:2 tir+ ko1, 2OBDDIR A=z daik, PFEIEHEIEY L+ ) 7= v DER
THOWINOMTH 5, Hibhd PF:L kX<, 4V 7= voREHINIWIC S b



WA Y 2= vORRCBET P GE2H)

53 1400~1500cm~! H &b oD 3 Table 8. Yield of resin cured* at various setting
KOBIE — 7 5% BHEC Sk L < temperature.
i, & o IR E 2% 1270cm-! setting temperature cured resin (%)
>1220cm™! T, F AV =D 110 28.4
BEMERTEL T\ %o D% D, B 120 28.2
Wo PF:L Ciut, 7o —afg  FPeo: Lud 0 2.3
BRE Y 7= v OMic L 7 150 "y
Fa - . — I .
R ) N el Z1S i N
EAEL T 5 e &2 R L T * . Heated for 2 hrs
%o % : Ref. Table 4

8

E}] /-,\/\/\/‘ Ph L

<

't /\./ ID60+L

3 PRt
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1860 1700 1600 iS00 7400 /300 7200 7700 1000 900 800 Ti0 Edy
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Fig. 5.2. Infrared spectra of the mixture of cured PF resin powder and thiolignin
powder (Ref. Table 5).

5:3 7=/ =k AT AT e FERCFAY) Z=vEnatEEebo (PF-L)

Table 6-1 w7k Uiz, PE-L oty oW A~<=2 b r% Fig. 5.3 i+, —fre, 4
wih<fc PF 1 L wilo A7 b ARRLTWS, B ks nwT, BEFOME L LT,
HbE X PF-L AR 20834, PF:L 2 LcEHT 2 AR Thoks & 2R
X5,

Fig. 5-3 B bh % X dic, B, ¢k, +Ccicili~7 PF.o OBk & F#E, 1400~1500cm!
C3ARDE — 27 2R TR H b, 820cm™ 1@ By, By ik A b WRIN AR T, iz,
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Fig. 5.3. Infrared spectra of PF-L resin cured by heating at 140°C for 3 hrs (Ref.
Table 6-1).
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Fig. 5-4.1. Infared spectra of precipitate of LF-P, PL-F and PLF (Ref. Table 6-2);
the precipitate was prepared with 59 H,SO, at pH 2.
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Fig. 5.4.2. Infrared spectra of resin cured by heating at 140°C for 3 hrs (Ref.
Table 6-2).
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O T 2 HEFERA R Lico %/, FA4YV S =vehra7 17 e FORIGERD D
CTABEEML e TOKR, FAV S =V - T= J— kAT AT e PRI BT
57 = /) —NERAATALT e FEIEOHILERL 7 = / —AkRA A7 AT e FEIIE, 4V 7 =
VEIChLAT AT e FOMEEROBRER, 1400~1500cm™! & 70 ® 3 K DRI D75
DM X, 1200~1300cm=t @ 2 A DBIND K/MEER, 1000~1100cm=! D 2 & OB D B,
820cm™! DRI DO IC L OB EMNTEHEEZBN, IBIFLLABRRB EKR
DTEITH D,

l. V7 =vihra7aFe vk 80°C C2RHINEI R TEBLFA Y I =v - kL
AT AT e FRIEE, 1220cm=! & 1270cm™ ORIBENR 7 <=V F4 Y 7/ = v Lk
%, (1270cm~'>1220cm-'—1270cm~! <1220cm-D), FAEOHIEL» BE 2 T, 77 ¥ v A
BN ECLTWEBDEEZ b5,

2, FAV IS =VvOTAAVERE 7=/ —LERBALLLDE 80°C T 2 BEfEIinZ L 2
b0, BTHRBAER L TR LT+ Y Z=vid, bEoF+ Y 7=y BRI ERE
DNV, TAH ) TFERTLIEREROEZHTRE, 74V S =vE 7=/ —LERGLERW
bDEEZDbNR S,

3. Tx/—=nAkALTATE FEEEFAY V= VvEROESYW A, 140°C Thi# L T k
DE LN, SROFF Y 7= vORAC b LY, 1400~1500cm~! & 7z v 1
HHFHY 7 =0 IKROYIHERBI D —HEE OIR BN & 70 %, 1200~1300cm~" D FIX D
KWDIEN, 7= 7/ —=FZNATAT e FRIGHRLFF Y 7= - kA AT AF e VRGO
FNE—FHLTED, 7H=YFA V=23 THS, %74, 1045, 1090cm~! DU H3
W35,

4. PFyo:Lio (Table 4) wwowT, mmERII X 28b0a8* R &, BLofEfT s
& b 1040, 820cm~! OBIN»WY T 5, Lo TCHLOETOBEEE, 0 2EXK0RIN
DEWIEE L 25 E 2 b b,
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5. MEREI X 5%ERA*H5e, IR 27 b lcid, KERKRT 2454 (110~150°C
T 2EERINA Tk, EAEbRA .

6. PF:L (Table 4) » PF-L (Table 6-1) o®ftiir, Lo IR 2=z b za5d,

7. PLi.¢-Fa., Li.oFa.0-P, PL,.oFs.o (Table 6-2) oW E#® IR 2~<7 A D 5%, Pl
Fooo Mt 74 ) 7= VORINAXR 7 L OREEHD T 525, Th bomEiE by, 3
FLLFPOBINA~ 7 PAERTT,

Summary

The infrared spectra of the products composed f:r;m phenol, thiolignin from AKA-
MATSU (Pinus densiflora) and formaldehyde were recorded by using KBr method,
and the relations among phenol formaldehyde resin (PF), thiolignin and others were inve-
stigated. The results were summarized as follows :

1. The products prepared from thiolignin and formaldehyde (Table 2) showed
stronger absorption at near 1220 cm-! than at 1270 cm-! (absorption of AKAMATSU
thiolignin is stronger at 1270 cm-' than at 1220 cm-!).

2. Thiolignin precipitated with acid from the reaction mixture of phenol and alkali
solution of thiolignin (Table 3) showed no changes in infrared absorption spectra.

3. PF:L resin (Table 4) cured at 140°C did not show three distinct separated
absorption bands which were clearly found in thiolignin but one broad absorption at 1500~
1400 cm~!, although it contained much thiolignin. Intensity of absorption at near 1220cm!
became stronger than that at near 1270cm-! (this tendency is found in the infrared
spectra of phenol formaldehyde resin and the reaction product of lignin-formaldehyde).

4. In the duration of cure of PF : L (Table 4), the absorption at 820 and 1040 cm !
became weaker.

5. In case of PF:L (Table 4), curing temperature (at 110~150°C, heating for 2
hrs) gave no influence to the infrared spectra of the products.

6. PF:L (Table 4) and PF-L (Table 6-1) showed similar infrared absorption
spectra.

7. Infrared spectra of the precipitates of PL-F, LF-P and PLF (Table 6-2) with
5% H,SO, kept the characteristic absorption of thiolignin, and among them, the absorp-
tion of PLF was most similar to that of thiolignin, but cured products of these three

showed very little differences in their infrared absorption spectra.
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