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Chongwon Nam** Tetsuo KosHijiMa***  Takamaro Maku**, Einosuke
Muraki***  and Ryutaro Tanaka***: Graft Copolymerization of Methyl
Methacrylate onto Lignosulfonic Acid by Fe(Il)/H.0, Redox System.

I Preparation and Characterization of Graft Copolymer
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SHRCHRBI B RESVWICRERY) =~ /7Y Y ABDC-5 3B C-6 IKEHEHEGT S C
ENGIEHERINTWEEY (LhL, VZ/=volBKREMLLTELORS /7Y VA2
e —ADMEE /F7 VERCED IS BEETHEIPRVELALA TRV, V7=V
OB 77N ) 2r —LOHEED HHH X oTET 52, CO-C THET 1=~
FAFERRS0% & C-C AT rMAR0%ckiishs, coiclvwaRIER T ¥ ARG
THoTC, @My Fy 7 ABBREREHT CRRIET 5 BERECHBE,LRESh DT/ 7
TS ) e — LB ZFEND BREEDACOWT BEYEDPNIEIWE 2 BRS,
HyO0p/Fe** v ¥y 7 AR IV 757 P RIGERBB I EdH Wicik, H.0, i Fe** 1L
THRGTRY 77 ALK VEBHELY DBILIB L2 EL DR S, ¥, btk b4
Utz Fe* 11y 77 2k vBaBbL € Fe* BT Sh, B HO, ERIET B E W5+
A7 ADHKBFEINS, KBk (H0,)/(Fe?*) oV 7/ AnAvEED 757 V&
BB IETHELRFL, COXSRBMAREZHBETCER LY 7/ AVEVEE 2827 )
NEAFANT ST PRV =—DFr 7 2)E—Ya VETERDK,
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) 77 ANk VR TRIRSTER Y 7 Ak vERfE R Taior OFHEB I X > 1 AME
ML 7ct®, Amberlite IR-120 TRinFA4v L, KBSV Y ATAYV T AEELT, =& /=
i B 2 [EITEEE S B TRBL 7, :
OMe;10.95%, 7 = / —AMEKEEEY 5 1.72%, KEHHTFE Mn>® ; 9.4%x10° GBS

D Mn OERSFDO L L TR, ERDY 77 AR VEEY v 4% Amberlite
IR-120 THAYV T AL, v 72mraFor7 IV (5%=82) —LBER) ZWEFLEALE
BT 2BEIA< XA LT pH 65 il e, DWW T=—F L TREDOC Y 727 a~Fo L7
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Fig. 1 Relation between osmotic pressure and concentration of dicyclohexylamine salt

of lignosulfonate : solvent, water saturated buthanol ; temperature, 20°C ; measured by
Melabs membrane osmometer.
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HOBEOAWHEL 2.15% CThotenb, V77 ALKVEO Mn 3oFD X5 ciE3n
%o ’
1) Mn of Lignosulfonic Acid (Lig. SOsH)
DCHA)
N

=1.30><10«(100-N%><

=1.30x10‘<100—2.15x%>

| £1.30 % 104(100—27.7) 9.4 x 10?
i, PVIRAFUAT IVITRAY Y AL25FEIBELTWS ERETHE, V7

J AAYBEAY 9 5 (Lig. SO0y Ba) © i ko ¥ 0 & S CHBES N5,

2) Mn of Barium Lignosulfonate

1
x~1+——Ba>

~ 7 _ / 473+ 69
_94x1m< . Af94x1m(—7ﬁg—j
—1.08%10¢
o | 181.3(100—27.7) .
o x— P 474

2-2 Wak

A 27 ) NEEAF AT A NaHSO; fFIKER, 5% NaOH, 20 % NaCl KiEwK
DIETHK 3O E, BKHBEF Y v 22N C—BEKE L T&ERL, ZEAEZFHNL
TA A H#ELMZEHEE > O THERE L, 42.5~43.5°C 90 mmHg) 5% Hv e,

40ml BRBEICLIEDY 7/ ALKVEEDAY v A¥5 L IREASE S Sml 2 Ah, F
SAT7TAABCHEL, oFkcr s 9L 5ml (0.0468 M) % A, HHICBEEL
KEEANTF T4 7 A4 AETHEE L GREELKE S X MBS —ki, #HENCEEE—
el + Vv A THRE L pH 4.6 OREBRR CTHRR E 2R BB L THW), 2w TRRE
NOEGEBRCTERL, FERc oK, HEF Lk, chrxESHET CiERMIRE > L
THEAIE®L,

2.3 HEEAEBRYODOHH ,

HERENEYAE 058 O~ FrF /) vE2El 200ml OKCEFASL, i i ze
VIR 5 HREENT L T BBAIZ R\ 72K, Fig. 2 RT3 RGBT RERmBE L TamL
Voo COMEREBEWN L 5 ETL DR LU, i EHA] 200 ml 2 hnx T 32 < 1%
AL, 4R ERBAHEA L TR EBEL S VB L, EXDREMHL T= 2 7 —~ 0 HILE
¥, A= — 7V THRWEERZE L . KUBBELRMIEY 7=V, 7 vilERL ke
BY)=w—, KBEXC7 2 MARERE 757 bAEY =~—& L (Table 1),

2:4 7537 KRV =—DY S=VEHSDODERE?

D v 77 ALK VERO HBREBEE O RE

REL 50mg AIERRBRBEIC LD, TEFAL T e < FO5YEEER 10ml #imz, 70°C
DO EIRKEN T30 MM L 7z, REREX ZOMI00EBC® 5o 5 ¥ ¥R TR E



B-fll: V77 ALRVEEBEMMAD 5 7 bLEA

Reaction products

Extraction with water containing 0.25 % hydroquinone

I ]
Insoluble Soluble

Acetone extraction

Insoluble Soluble
t

Water extraction

€ e e e e e

---=Concentrate in vacuo, precipitate
into ethanol, filtrate, and wash
with ethanol and petroleum ether

Insoluble Soluble -------

y .
Acetone extraction [Barium lignosulfonate |

- e —— - ———— - —

Insoluble Soluble ------ ~Concentrate in vacuo, precipitate into
: ethanol, filtrate, and wash with water,
ethanol and petroleum ether
I

Y
ﬁoly (methyl methacrylate) homopolymeﬂ

i :
Wash with acetone, water, methanol and petroleum ether

e
| Graft copolymer ]

Fig. 2 Separation of graft copolymer from polymerization products.

R g, ABRELXKE»LROML, K&HED B U 2N-NaOH 9ml, F:fE 30ml # A
Nt 100ml B A A7 5 A2 EBMCE LT, 7.5 M-NH,OH-HCl 1ml #inxEE, SHL
7ot%, HEET 100ml FCHRR LA, 200 AEEE T S0 BERL, 280 mpy kit
PREEXTEL, KRBV 7/ ALK VO KBREHER AL RE L 2,

Absorbance standard— Absorbance blank
Concentration of lignin (g/1)

KERTHWRY 7/ AL A VRO MREEBI15.2TH Dt
2D r37rRY=—-D) S =vER
FeB X tBL IS5 LTI 7 b A =—DBREEAXRE LR LIDY /= v EBLEH
Bl

Absorptivity of lignosulfonic acid=

(Absorbance of sample— Absorbance of blank) x 100
Absorptivity of lignin standard (15.2) x Sample weight (g/1)

Lignin % (L) =
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Table 1 Preparation and characterization of graft copolymer.

Polymer vyield Lignin content [Mn of the methle}Pll\\I/H\rlInkeg rgiéggs
(H;02)/ Graft conol " " of , graft** m%thacrglate per OMe group
(Fet+y* polymer| Homo polymer | copolymer (Pl\r/ﬁ\r/}(/f:\)e*s** ) of barfmm
g g % < 10°4 LgnoiullOgnate
1 0,23 0.37 49.2 -~ 18,5 2.42
2 1.36 0.49 26.5 , 16.1 4.60
3 2.45 1.45 21.7 18.1 5.65
4 2,77 1.71 18 .4 16.5 7.62
5 3.01 2.07 23.2 13.8 6.82
6 3.00 1.79 26.9 13.3 5.80
7 2.74 1.86 25.1 12.8 6.62
8 2.83 1.94 28.9 11.4 6.14
10 2,81 - 1,93 ' 28.9 9.6 : 7.24

Grafting conditions : Barium lignosulfonate, 1g; Methyl methacrylate, 5ml; [FeSO)*=1x10"*
mole/5ml; [Hz0;)*¥=1~10x10"*mole/5 ml; Total volume, 15 ml; Grafting time, 100 min. ;
Grafting temperature, 30°C; in vacuo.

*  Prepared by dissolving the reagents with buffer solution of pH 4.6 (CH;COOH-CH3;COONa).

**  Calculated from UV absorbance (at 280 mp).

**%* Calculated from osmotic pressure measured by Melabs membrane osmometer.

D rov R
LTkt 7=V ER (%) »BRAIDZF 7 P RERD 2,
Grafting ratio=@zﬁx100

25 U537 R)<—bERY =—DNH

757 EY=—RBr=fA7 5 2akEy, Y57 v R)=—FREENEY S/ ALK
VR 1 LT 200 loR L Iz To# s, EERKERNT 75°C iR L e, 41f0
HEREES Y v AL 8SIMOFEEE L I T 1 KRBT 2#EL 8L VR &, BEZT 5
L, 7 b YIRBBL T, 05RO =8 — A0 LIRS B CHER L%, ks, < OBELs il
T, hRERY <~k OMLARWC L BEFIBRO TR (Mn) wBhoknvc &b bHER
L7z,
2.6 KXY ~—0H5TE (Mn) HFE

Mechrolab 502 Bl v 75 v A AE A —2 —1CX D, RV =—DiEbnit 1,2-v 7 rn
=R v EREEEE LT 30°C CREEXHEL, KX X VFELL (Table 1),

RT _ 84.9(273+30)/1.259
(/) e—0 (/)0

(eBERDY 77 2KV EBE7 3 VEOEZIWE KEFM T 2 7 -1 %2 BiFEL LT 200C T
fTieote, )
2.7 IR BINA=Z bV

BT RS F ARSI ERT (ARSHIR-G B & vy KBr ek BFF 2 mg/KBr 300
mg) I ko, : ,

Mn = g/mol
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I BR&ESIUVER

BEELIKE - B—8 1 4 v O RIS e o\ Tk, HABER 38 X ¥ WEISS®? I L OO FD &
SIHBAINTW 5,

H;0; + Fe?*—»> « OH +OH- 4 Fe®* D
. OH +Fe?*— >OH- +Fe®* )
. OH + H,0;—>H,0 4 - OOH (32)
. OOH 4+ H;0;— > + OH+0, + H0 |
. OOH=—0,~ + H* (42)

0.+ H202—>02 +OH-+-0OH

Thibb, (1D RFRT LS5 B]REK#EE Fer* 1+ voREc kv, Fer* mEbanT
Ee* f4v e/, eFaFr o rBife PPy A4 v aeRT s, ER L ¥
rxvsopalt 2 RokSk Fe* 1+ v X be KIELTe FrFdFo A4 & Fed*
A vEERLLD, Ga) XD X SICEBILKRLERIEL TKRBLITE FrALFFY T
NEERT S, O FritFrsohil Q@) RECFRTISCIDEKIGL THREY
Zr4 %, BAXENDALE'® 1%, BEOBELKKRE €/ ~—2 FHET 5 & Fcik, BRGNS
RELPET AL BEAYER LAV EREHL, CoEREADbEY=r 2/ =—-2fFEST D L
Floir Bb), (b)) RoKEdbEE TWo LEX e,

-(H{+CHf:§H——+HOCH4§{ (3b)
R R
HO{%}&?HOWﬂCH@H+CHF§H~—ﬂK%CCHFQHOW£H@H (4b)
- R R R R R

DEY, T/ —PRSBHBEFET S &, @), Ga), YR KGEIHE Xt 3b)
KO RGBSz, (1), Bb), (4b) R Lo TEARGHERT 5, £/ <~ —HFFE
Tk, (2 R& Gb) ROKERBEEL, 15 TOBMLKER, £/ ~—0DRE, Fer* 1
FVOEE, ®/<—0ORIEMERECIOT1 ~2HoMO Fe* 1+ v 2Btd2bTh
L, L, B0 rdcy 7 aarsviig (LUFLS) dv=nre/~—-%757 PEAX
FHEbWiIcE, BREEKEZe FeFoS0opr b LTAL 2 YA AF AL (LUF MMA)
DR THEALEBT 2T TR AL, BHE LS 2o KELXFSRIRG bEE T D L%
Zbhd, ¥, (1) ROKIGTER L Fet* 1+ vix LS #EEL T Fe?* 44 v et
INTE HO-Fe* v ¥y 7 AREHKL, e FeFrI0irid ERT 58 THEIN
e LiemsoT 27757 PEEREEHR I ED 20k, (H.0.0(/Fe*) okl X v
DAENTHELD LEL DN, o TARBTR, (H,0,)/(FeS0) OfEinis 57 FEAKE
DS HBRE b oA BRI L, Fig.3 12 LS 1g, MMA 5ml :#EESE— 10+ M
%L 0~1058E0:8FbKFEX HAWT 30°C, 100G I¥REHI DL/ T 7 FPAEY =—, &
=HRY =~ (PMMA) OB RLEbDTH S (b, MBEHLKFEEES 2 WX FEBEE—
Bogcr, 30°C, 1004 T MMA OE/RIREC bhwv o AR INK), (H0,)/(Fer*]
OH? 45720 F TEHEYONRERZHEML TWL 2, ThUETCREBIE—-ETH D, 27, 7
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Table 2 Elementary analysis.

Carbon Hydrogen Grafting ratio **
% % 1 2
Barium lignosulfonate (LS) 41,86 4,51
Graft copolymer (LS-PMMA)* 52.80 6.40 154% 1589
Polymethyl methacrylate (PMMA) 59.85 8.23

* Prepared in the condition that the ratio of [Hz0.]/(FeSOs] was 1.
** 1: Calculated from the value of elementary analysis.
2: Calculated from UV absorbance at 280 mp.

5

Y
T

o Graft copolymer
O U

%)
T
@]

N
T

Homo polymer

POLYMER YIELD, G

~
T

0 5 10
H:0; /FeS04 (mole/mole)
Fig. 3 Relation between ratio of H:0./FeSO, and polymer yields.

F7rRY)=—ONEBRFERY) =~DLThLD%L, BTIRRLIICHEDR WS T
7 VEARILET RO TS o & &md, Table 2 11, Fig. 3 i Lz (H.0:,)/(Fer*) ol
RN1OEBWICEONLSF7 b AY =—0 TRHSPHELXR LD TH S, LS & PMMA
DILEETHELDHBE L /577 v BV =—D 7577 v R 14 % T, 2FIN3 ) /=VvE
EE»DEELE18 B ci3iE—H L TWw5b, D757 +#EY =—0 IR BRILARZ bV
% Fig. 4 wRLA, 1725cm™! & PMMA o=z 5 1 arE=1 (-C=0) It X 5T,
1605, 1520 cm~! & LS o~xv ¥ v R -C=C- it X WY, 1270, 1240cm! ¥ X ¥
1190, 1150 cm™! ©w PMMA oE#Efl I =AFArv v Ly ¥ (C-0-C) It Xk 2N/ &
BREDdBLND, 20, LS ¥ PMMA O ORI EZRL TR, Fig. 1 T/ 57 b #HY =
—~ (72 FRE, KR LTHLEdon, LS & PMMA oW bKoTWS T
LERT, Fig. 5 RV 7=vEBEMLDLHELLS 77 v RE R LEedbDThHB, (H0:)/
(Fe**) o234 0 Lo A KRIERS D, THREETRETL WL A, LEWEC—EEK
W TWnL, Fig. 6 757 PR ALRLALBDTH 52, [(H0.)/(Fe?*) ol 2Lk
Cinb e 777 VIR0 E, TihbbESLL MMA OG5 ERNERY ~— LD
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WAVE NUMBER (cmh)

Fig. 4 Infrared spectra of
a ; barium lignosulfonate
b ; graft copolymer (barium lignosulfonate.methyl methacrylate)
¢ ; poly (methyl methacrylate).
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Fig. 5 Relation between ratio of H,0,/FeSO, and grafting ratio.
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Fig. 6 Relatiqn between ratio of Hy,0,/FeSO, and grafting efficiency.
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Fig. 7 Number-average molecular weight (Mn) of branches separated
from graft copolymer. " , :

T3, Fig. T 2777 v &Y ~— bABEL a4 ) ~— (PMMA) o5 TE Mn %
RLEebDTH B, 131F 1~2x10° Oficp v, B2Y ~—TH5 LS ® Mn 010~20fEC
b5, (HeO.)/(Fe*] DIEAKREL 5 EHOFFEINDEIL 2T 43, chix (H0:1/
(Fe*) OnKEL B LAERTH I HABEHAHEML, ZOHKE, EXRY <~—-0ERKG
L0 HEBEERGOH BB OTL hdstELbhb, ks, (H0.)/(Fe**] olksi6 D
EhbvOrTHE) ~—DOHTFELHELZL 5 Mrn=90,000 ThoT, HoOHTFE1L33,000
WEARTHIR0/NE v, Fig. 8 1 LS 04 bR v B2V D HAY ~—DBA KA X ko
Tl TH %,
Number of the grafted methyl methacrylate branches

_' per methoxyl group of barium lignosulfonate

_ (Grafting ratio %)/100x (31/0.109) "
~ Mn of the grafted methyl .methacrylate branches

— 26 —
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Fig. 8 Number of the grafted methyl methacrylate branches per methoxyl
group of barium lignosulfonate.

(H:0p3/(Fe**]) o4 Ll LTk, BIE—EDETHI, oD &k, <DEREHET TR
LS o777 vEMEAORCRBRR S AR LTW5bDEMIN5, KEROEHT
T, A b EHic0#H6x107° FHT, £ FPFvHE 167 Hc 1 KOEETHEARY ~ —2#EA

LTWAZeaHENRTD, Wz, 72 =47 e svER (7Y o ABcifiE) sk
Z 170 fiic 1 Kok (PMMA) AEEL Wb e umRd, ¥k, A rFoH167T@EEL
LS o4 F&E1247,500(=167x31/0.109) THsnb, 757 +tKY <w—2ixok LS OFH
DFEERBCHV LS OFESTEOLAFLU LTSS, cOcend, 7777 bEY <=~
Lt LSk, ReHFEHS M+ LSOS3bTehESFlModboThsrtErLbRs, L
b~z &an, (H0.)/(FeSO4) AWML T L&, /57 bEY ~—4FROER
BRDO L S5E 2 bhs, (H0:)/(Fe*]) ol 4 eE S <k, gD LSkcAkd57 7
7 MESERSENT A LI X0 TS5 7 MV E) v~ INBB I ED S5 7 P REEEML,
HY <~ —OHTE Mnix 18.5~16.5x10* L KR V30 &7 5, (Ho0.)/(Fe?*) O Hhi4
Dbz EBMNED LS S0 hERT 52757 ViESSoRRBMScEL, IR
LS 370 0ROKEHEM LAV LrBLBEDO L Fe*y I aA04&RICX 0, EEEL
OBERWEMT IO THEAEY ~—0 £BRIIFHIN, 777 VRRIETT5, Lal, H0,
BoMme Lo CEkbsh s LS ofid®E OKKRFIKRERGEZT 5 LS 08 r¥mi s
DT, /757 bRY=—DRBELLTREILEVW DO EEZ BRS, ks, Flicksahok
KEREEFR 2 B, (He0:)/(Fe**) ov—Eie LT, 08 (H.0,+Fe™) #imI w2z L/ 5
7 rRY) =—0ONER HO, 0F, ThbbeFa®xr o ro¥meiticl+c 489
foo 12, LS FEELAVWEFCEAERY) ~—ERLEL, ESEHNAYWRERCHEKRE
% Fe* offfbaRTMarE Lk, iUt LS RgA Y ~— & L TKEGKREEXZT 5
DHTHL, BILBILRIC HEELE L TwW 3L RT D EEL B3,

Bt D X 512 HoOp/Fe** BHffic X 5 LS-MMA @ 7 5 7 FEARGR EiRT& b Tl s
T TS, BEEEX/NILLT, 0757 VEARGO BT OESb= 3L ¥ —43K
Wiz, EAE, LS 1g, MMA 5ml, FeSO, 1x10-5M (5ml), H,0, 2x10-5M (5 ml), Kt
BE 10~40°C Tff7s otz /537 F RV =~NE RBIVC V57 F RBEy RdERO —H%
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Fig. 9 Relation between graft copolymer yield and grafting time.
Grafting conditions : Barium lignosulfonate, 1g; MMA, 5ml; [FeSO,)=
1x10%mole/5 ml. ; (Hz0;3=2x10"%mole/5 ml; total volume 15ml; reac-
tion temperature, 20°C; in vacuo.
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Fig. 10 Arrhenius plot of log Rp vs. 1/T.

Fig. 9 KR L, /57 PRRIKIT—ET200%ThH 5, cOFEE, /77 b EheFex
VI ANLDBEICEIOTKRELSFEINTWECEARTIDEEZLDNRD, R v~— LR
D7 MMA OBEAEE L HEHEEOBIREL R LD Fig. 10 TH 5235, z OHEMHOAE
D777 VEAORMTOEEbL=LF— E k5 L,

logR,=—FE/RT+C

0.38

cal/mol==4.4 kcal/mol.
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&%, S L _ ' :
UV Ry 7 ARBBEAGOKRE LERE, 7Y ERRISOESEL= 50 F —~23EF /Mg
WEWI HICH B, D57 PEERGDSHT OEEE= R F - HLI/NIWET
Hot, COMERSbIC RIEZET 5 & Bbh sy 40°C LToERCsWTS LS-MMA
Dr57 VEARGHEELD TRBICHETT S LIHRTH 5,

ek, H0/Fe** v ¥y 7 2%% AT MMA offiic Vinyl acetate % X ¢t Acryl amide
ownwT RS, LS-MMA wownwTik £ v ot (Cett) # kit BEE{E~v v 1 (BPO)
CEoTH 757 FEEYRINLE, WIFROEd\Wwdb /57 bHEY =—O0MRRE, 5
WA ETBEAOANRI S EOBHIC IO TREICHE DO, Lrliahibly Fy 2 ART
R, ZL0EH, V7 ALY L 5ELVEAIMEERNRED bivie T LIREH
TREFRLEDbR S,

N E 5

VS ALK VEERBRAEY) v —2 L, ARXRZINABAFARRANCTY 57 VEAEYRL K
B, OBEEKE LRBE—SOMAERIC LDV Fy 7 AR EDLD THERORWHETH S ©
xR U, R@Trk (HO0,)/(Fe?*]) o BRGNS LIFTHER LT ICAR LS
S7FRYV=—COFRFL, 2FOHERYE I,

KITHN e GRET TR, H0:)/(Fe**) 240 HTr 57 PRIFKKELRL, 777 b
RY<=—NE, A rEVESLOOBROBE4OLF CHMT 505, ThlbETREIEF—ET
Hote, WAV == FEE, (H.0.)/(Fe**) »nind 5 L BRI Lic, ik,
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Summary

In the graft copolymerization of methyl methacrylate onto barium lignosulfonate it
was found that the redox system consisting of hydrogen peroxide and ferrous ion was
very effective to gain high yield of graft copolymer. In this report, the effect of the
ratio of hydrogen peroxide to ferrous ion for polymerization and the characters of
the graft copolymer obtained were investigated. The results were as follows;

Under the conditions used in this experiment, the grafting ratio showed the maxi-
mum value at 4 of the ratio, (H,0,)/(FeSO,].

The yields of graft copolymer and the number of poly (methyl methacrylate) branches
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increased with increasing of the ratio, (H»0,)/(FeSO,], up to 4, and were approximately

constant above 4.
The number-average molecular weight of the grafted branches decreased with

ihcreasing of the ratio, [HgOzj/[FeSOJ.

And the grafting ratio was strongly regulated by the amount of hydroxyl radical.
The graft copolymer prepared at the ratio of 4 was composed of four parts of poly
(méthyl methacrylate) branches (Mn=165,000) and one part ofes :
barium lignosulfonate, trunk polymer.

- There was a restriction in the number of grafting branches per methoxyl group of
lignosulfonate, and the restrictive value was 6x10-%, which means one branch grafted
upon every 167 guaiacyl nuclei, building unit of barium lignosulfonate.

The apparent activation energy for the graft copolymerization by this redox system,
((H;0,)/(FeS0,)) was calculated to be 4.4 kcal/mole.
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