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On Possible Application of Microorganism for Chemical Pulping
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ABSTRACT

The decayed wood by Fomes pini (Thore) Lloyd required a smaller H factor than the
sound wood for pulping to permanganate number 20. The H factors for the decayed
wood pulping by the kraft and soda processes were reduced by 15% and 17%,
respectively, in the presence of 1% anthraquinone. The wood components degraded by
fungi are normally more readily solubilized in alkali than the corresponding components
in sound wood.

The nonphenolic A-0-4 type lignin model compound, veratrylglycerol-8-guaiacyl ether(1I),
and phenolic model compound, syringylglycerol-8-syringyl ether(Ill), were degraded by
the white-rot fungi to yield «-guaiacoxy-B8-hydroxypropioveratrone(Il) from the former
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and «-syringyloxy- 8 -hydroxypropiosyringone(IV) from the latter. Structures of the de-
gradation products indicated that C e¢-oxidation could occur with white-rot fungi. It has
been shown that the alkaline cleavage of 8-aryl ether bonds in the lignin units is ac-
celerated by the presence of a-carbonyl groups.

Key words : white-rot fungi, lignin model compound, biodegradation, H factor, chemical pulp
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Table. 1. Kraft pulping of sound and decayed® western hemlock wood with and
without anthraquinone

Unscreened Alkali Permanganate Time at
pulp yield” consumed number, screened , maximum
Pulp type % o.d. wood % o.d wood pulp H-factor temperature, min
Kraft
Sound 44.8 12.08 23.2 1745 100
Sound 43.7 12.44 20.7 2130 125
Sound 43.3 12.76 18.5 2520 150
Decayed 43.0 12.93 23.8 1670 95
Decayed 41.7 13.20 22.6 1975 115
Decayed 41.2 13.45 18.9 2520 150
Kraft + 1% AQ

Sound 48.9 10.95 22.2 970 50
Sound 48.0 11.08 18.6 1280 70
Sound 46.2 11.87 14.1 1745 100
Decayed 48 .4 11.07 24.2 665 30
Decayed 46.2 11.96 19.7 970 50
Dacayed 46.1 12.29 18.0 1205 65

a) Decayed by Fomes pini(Thore)Lloyd.

b) Screen rejects less then 1% o.d. wood.

Table 2. Summary of kraft and soda pulping of decayed western hemlock with
and without anthraquinone at permanganate number 20.

Increased yield

Average Jor Alkali Decreased
unscreened 1% AQ alkali
Pulp type yield” addition %czn.;um;j g consumed, Decreased
% od wood % o.d. wood ' % o.d wood H-factor H-factor
Kraft
Sound 43.7 12.52 2,275
Sound +
1% AQ 48.3 4.6 11.17 1.35 1,175 1,100
Decayed 41.3 .- 13.40 s 2,375 <.
Decayed +
1% AQ 46.6 5.3 11.88 1.52 1,000 1,375
Soda
Sound 38.9 15.66 10,000”
Sound +
1% AQ 47.4 8.5 12.52 3.14 1,950 8,000
Decayed 38.6 e 16.25 = 10,000" e
Decayed +
1% AQ 46.2 7.6 13.30 2.95 1,625 8,000

a) Average of three cooks at different H factors, adjusted(10) to permanganate number 20.
b) Estimated to be greater than 10,000.
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Table 3. Evaluation of Kraft Pulps Prepared from Shiitake Bed logs.

Cooking No. S-17 | S-16 | S-15 | 8-14 | S-13 | S24 | S25 | $-26

Shiitake strain Control W 4 465

Period of dacay (year) 0 1 2 3 4 2 3 4
Freeness of screened
pulp (CSF) (ml) 730 700 560 220 210 670 630 540
Beating (PFI) (rev.) |22,000 22,000 | 7,000 0 0 119,000 {15,000 | 7,000
Freeness (CFS) (ml) 240 230 240 220 | 210 220 210 210
Density (g/em®) | 0.687 | 0.706 | 0.760 | 0.544 | 0.682 | 0.682 | 0.692 | 0.725
Breaking length (km) 7.8 7.2 7.6 6.1 6.1 74 6.5 5.8
Burst factor : 6.0 5.5 4.7 2.7 3.1 5.0 44 4.1
Folding endurance | (MIT) 496 371 368 54 68 179 78 73
Tear factor 142.6 | 109.1 50.2 | 29.1 | 28.2 | 1180 | 87.7 65.7
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Table 4. Alkaline cleavage of the phenacyl-f -arylether bond in compound V.

Reaction condition and rate data.

Compound Temp.” ['om_1 ['SHJ_1 Sk'obs i} ék”obs
T mol - 1 mol - 1 10° min 10° min™
\ 125.0%0.6 0.53 0.08 3.2%0.5 ~1
154.0£0.2 0.21 0 45104 ~1
155.5%0.6 0.20 0 3.971 ~1
154.00.4 0.53 0 10.5£2 ~2
154.020.4 1.08 0 23.8%12.3 ~6
154.5*0.5 0.53 0.08 24*3.5 ~8
154.0£0.8 0.54 0.10 18.9%3.1
154.0t0.4 0.55 0.33 37.5%5
154.0£0.4 0.58 0.45 37.2%3
154.0%£0.8 0.55 0.58 44 6*5 ~30-40
156.510.4 0.53 0 18.5*1 ~4
157.0%0.8 | 0.55" 0 22.5%1.1 ~4.5
170.0%0.6 0.54 0 40=*3 ~6
170.0+0.5 0.53 0.08 63£10° ~16"
169.8£0.2 0.54 0.46 108+18 ~80
175.5%0.4 0.53 0.08 85*10 ~19
Concentration of substrate : 3.4 103 mol - 17
Solvent : 30% ethyleneglycol monomethyl ether in H20
Limits of error : 95% confidence intervals for rate constants.
k' refers to consumption of starting material.
k" refers to formation of guaiacol (initial rate).
a) Interpolated from the Arrhenius diagram.
b) Added 0.50 mol - 1" NaClOs4 : ionic strength 1.0 mol - 17"
¢) Total error was (£1.6TC.
QCHj; CH;
R, Ry
Hjl.‘,—O‘@ Hy(—0 . (I,_ o - ﬁL’_ o @
GO HCOH (LU HCOH
OCH, OCH;
OCH; ©\ @OC H; ©\(ﬁ)CHg
OCts R=CHs, Ri=CH,0H ©R
4 (vI) (VID (VIID
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Tble 5. Alkaline cleavage of the 2-aryl-2-hydroxyethyl aryl ether bond in compound V1.
Reaction conditions and rate data.

Conditions Rate constants
Comoound Temp.”  (OHle [SH) | Kas+10° Kou-10°  Kas-10°  Kon-10°
pou T mol* 17 mol-17'| min?  min"mol™-1 min™ minmol™ - 1
114£0.5 1.00 0 0.38*€0.14 0.38%0.14
- 137£0.5 0.50 0 1.5%£0.10 3.0%0.10
137£0.5 0.75 0 2.0£0.10 2.7£0.10
137£0.5 1.00 0 3.0£0.15 3.0%0.15 3.0£0.15 3.0£0.15
kav 2.970.2
151.0£0.5 0.48 0.06 4.7£0.20 9.8%0.4
151 1.0 0 10.2”
153.5£0.2 0.53 0 7.1£05 13.4%0.9 6.910.4 13.0£0.8
170.0£1.5 0.51 0 23+2 45114 23+1.6 45.1%3.2
170.0£0.5 0.52 0.08 ~25 24715
171.0£0.6 0.54 0.47 35+4 29.4%1°
Concentration of substrate : 3.3-10% mol - 17"

Solvent : 30% ethyleneglycolmonomethyl ether in H20.
Limits of error : 95% confidence intervals for rate constants.

k’ refers to consumption of starting material.

k" refers to formation of guaiacol.
a) Total error was (£1.6T
b) Interpolated from the Arrhenius diagram from which Ea was calculated to be 123%9kJ mol

Table 6. Reaction of compounds VI and VI with alkali and white liquor.
Reaction conditions, rate data and yields of products.

Conditions s tant}:?ltgsmin'l)b) Yield of products, mol %
Compound Temp.” (OH)e (SH) Sol-

"C' mol 1" mol- 1" vent Koo Kow K G 2 3 4
Vi 295 030 0 A 49° - 53 traces Tl seefigl 1l
0.31 0.31 A 44487 40 87 traces traces ~10
0.36 0.11 B 48 37 93  traces traces ~10
0.50  0.09 A 44 46 90 traces traces ~10

137.0  0.20 0 B 6.8 70

Vi 172.0  0.30 0 B 11.9 133 95

1700  0.29 0.28 B 120 9.8 88
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Concentration of substrate : 3.4+ 10 mol -1

Solvent : A . 40% 1,4-dioxane in H20. B : 40% ethyleneglycolmonomethyl ether in H2O.
Limits of error : 95% confidence intervals for rate constants.

klos refers to consumption of starting material.

ks refers to formation of guaiacol (G).

ks refers to formation of 2.

a) Total error was (£1.6C except in the treatment at 29.5C, where the error was (+£0.5C.
b) Obtained from GLC-data(except ¢). The error was estimated to be in general*10-15%.
¢) Obtained from HPLC-data.
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