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Table 1. Yields of humic acid prepared from xylose
by boiling with sulfuric and oxalic acid
Weight Duratlon! Yields Yxelds of humlc acid
of Solvent of f of Note
xylose boiling I humin | Total A type - Btype :
g hrs! g £
10 |3%(COO0H). 50 1 0.1 0.072 i 0.040 1 0.032 X-3% 0-0x5C-A(B)
10 3% H:80. £0 1 0.3 0.047 ] 0.012 : 0.035 X-3.0-S-5C-A(B)

Fig.1 Absorption curves of humic acids
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Tab'e 2. Yields of humic acid prepared from
sucrose by boiling with sulfuric and oxalic acid

Weight Duration] Yields Yields of humic acid
of Solvent of of 1 i Note
sucrose boiling | humin | Total | Atype E B type

g hrs g 2 g g
100 | 3% (COOH)z 50 8.35 2.45 2.40 0-25 S-3.0-0x-50-A(B)

100 | 3% H=S0. 50 7.30 | 2.98 2.56 0.42 $-3.0-S-5C-A(B)

Fig.2 Absorption curves of humic acids
prepared from sucrose
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Table 3. Yields of humic acid prepared from sucrose
mizxed with nitrogen compounds

Weight Duration Yields . . .
of Solvent of ; of B Yields of humic acid | Note
sucrose boiling | humin | Total | Atype @ B type |

Mixed with Urea (2.82g)

g 3 % 10brs! 0.467g 0.035g 0.07¢4g 0-009g $-3.0-0=-U-1C-A(B)
30 | (COOH)s 30 0.921 ] 0.195 0.177  0.016 | ” -3C-A(B)
50 0.104 | 15051 1.449 | 0.0%6 | ” -5C-A(B)
3% 10 0.105 1 3.890 | 3.890 | trace | S-3.0-5-U-1C-A
30 H2S0. 30 0.253 | 3,225 3.325 | trace ” -3C-A
50 2.1211 1.984 ! trace | ’” “5C-A
0.1% 10 trace | 0.006 | 0.006 : trace | S-0.1-Na- U~10-A
30 NaOH 30 trace | 0.014 ; 0.014 | t-ace | ” -3C-A
50 trace | 0.042 | 0.042 ! trace | ” -50-A

Mized with Na-glutamate (26 .47g)

3 % 10 0.038 | 0.038 | trace | 0.0%8 S-3.0-0x-G-10-B
30 | (COOH)2 320 0.191 . 0.191 | trace = 0.191: ” ~3C-B
| 50 0.228 | 0.2281 trace | (.228 | ” -5C-B
5% 10 0.435 1 0,435 ] 0.162} 0.271 S-3.0 -S-G-1C-A(B)
30 H2S0: 30 0.429 . 0.429 @ 0.054| 0.375 -3C-A(B)
i 50 0.511  0.511| 0.052| 0.459 | -5C-A(B)
0.1%5 10 trace trace | trace | tace |
30 NaOH | 30 trace | trace | trace 1 trace |  S-0.1- Na-G 5C-B

i 50 trace OA'IO?} trace | 0.109 |
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Table 4. Nitrogen contents in humic acid prepared from sucrose
mixed with nitrogen compounds

Duration A type B type
Solvent _O‘f X ek et sgesic
boiling Nitrogen contents Nitrogen fizxed |Nitrogen contentsJNitrggen fized
Mized with Urea i
3% 10 hrs 0.66% 0.038% — ) —%
(COOH) » 30 0.38 0.051 — e
20 0.05 | 0.057 — | —
3% 10 2.4 26.93 — —
HeSO0y 30 2.06 | 22 .81 - —
50 9.96 | 14.97 — -
Mixed with Na-glutamate
3% 10 T -T,,.,Mm-_._,, — ‘ - ! —
(COOH) ¢ 30 — | - 4.15 | 0.359
50 — | — | 225 | 0235
3% 10 = — | 1.70 | 0.209
H.S0, 30 1.65 0.0%9 | 156 | 0.264
g 2.02 | 0.047 | 1.85 0.384

# Nitrogen contained in humc acid

## Proportion of nitrogen contained in humic acid to
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Fig.3 Absorption curves of humic acids

prepared from sucrose mized nitrogen

compounds by boiling with oxalic acid

Loo K ;
—otr
65
~6ar 0%
2. 07
04 68
09 09
. 08 19
2%
o 9.3 < P
Sy 5 1. 5-3.0-0-T-10-A
(RO 1A SR
2, ~30-A
8] t3F 3. o - 53-A
4. 5-30-0-U-10-B
5. 0 -8
- H 6. v -SOB
Vi - ey~ 1=
13 K3 ,/' $-30-0+-G -10-B
g. . -50-8
141 16
In3
RS
S50 0 450 40 3y 0 XD 2

Wave length {mp)



B {7?&

16

Bt

SRR

Fig.4 Absorption curves of humic acids

prepared from sucrose mixed nitrogen

compounds by boiling with sulfuric acid
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Table 5. Yields of humic acid prepared from pentosan

by boiling with sulfuric acid

Weight Concn. | Duration | Yields | Yields of humic ac1d
of of of of |- ; Note
pentosan Solvent’ boiling humin E Total E A type B type
0.5 8 0% 1P om0 ® 00518 0088 0.0 P-10-S-1C-A (B)
0.5 10 15 0.200 0.048 0.018 0.030 »  =15-A(B)
0.5 10 20 0.090 0.014 0.005 0.009 » =2C-A(B)
0.5 15 10 0.250 0.155 0.095 0.060 | P-15-S-1C-A(B)
0.5 15 15 0.240 0.163 0.098 0.065 v =1E-A(B)
0.5 15 20 0.270 0.198 0.108 0.090 v 20-A(B)
05 20 10 0.170 0.234 0.120 | 0.114 1 P-20-S-1C-A(B)
0.5 20 15 0.250 0.166 0.0%0 0.076 »  -1E-A(B)
0.5 20 20 0.300 0.112 0.087 0.025 n  -20-A(B)
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Fig5 Absorption curves of humic acids

prepared from pentosan
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Table 4. Yields of humic acid prepared from cellulose

by beiling with sulfuric acid

Weight Concn. | Duration | Yields Yields of humic acid
of of of of ' Note
cellulose | solvent boiling humin Total k A type % B type
0g 5%  Sthrs  6.48¢ 0.09g 0008 0.08g C-5-S20-A(B)
10 10 20 7.85 0.06 0.01 0.04 C-10-S-2c-A(B)
10 30 6.14 0.12 0.07 0.04 v -3-A(B)
10 t 40 5.31 0.25 0.07 0.15 v =4C-A(B)
10 | 50 4.76 0.28 0.09 0.16 »  -50-A(B)
10 15 20 5.96 0.27 0.18 0.07 C-15-S-20-A (B)
15 30 4.15 0.32 0.20 0.09 #  ~3C-A(B)
15 40 3.35 0.41 0.24 0.13 s =4C-A(B)
15 50 2.48 0.67 0.36 0.25 »  -5C-A(B)
10 20 20 3.0% 0.74 f 0.37 0.24 C-20-S-2C-A(B)
20 20 2.01 0.92 0.57 0.23 n  -30-A(B)
20 40 1.75 1.75 0.93 0.74 #  -40-A(B)
20 50 0.95 3.77 2.09 1.44 »  50-A(B)




18

FEFEME « TR « WFHRK « Png

Fig.4 Absorption curves of humic acids

prepared rom cellulose by boiling with
sulfuric acid
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Table 7. Yields of humic acid prepared from cellulose
by boiling with NaOH
Weight Concn, | Duration Yields of humic acid
of of of | Note
cellulose | solvent hoiling Total A type | B type
108 1% 1t 0003 % trace® 0.005%  CO.1-Na-10-B
1 20 0.005 trace 0.005 | »  Na-30-B
N =0 0.009 trace 0.009 »  Na-5C-B

10

OOoo OOo

10
30
50

0.009
0.019
0.028

0.002
0.006
0.006

0.006
0.011 ”
0.020 ”

C-3.5-Na-1C-A (B)
Na-30-A (B)
Na-50-A(B)

10

- S

10
30

50

0.025
0.035
0.0%8

C-1.0-Na-10-A(B)
Na-30-A (B)
Na-50-A (B)

0.008
0.008
0.002

0.016
0.025 ”
0.034 o

10

IR

10
30
50

0.0%8
0.044
0.092

C-1.5-Na 10 A(B)
#  Na 30-A(B)
#  Nab0-A(B)

0.00%
0.009?
0.007 0.080

0

PN N

coo | v | ooo | Gryi;

10
30
20

0.190
0.220

0.344

1 C 2.0-Na 10 A(B)
190 »#  Na30-A(B)
2730 #  Na-50-A(B)

0.008
0.0C6
0.006 0.
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Fig.7 Absorption curves of humic acids
prepared from cellulose by boiling
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Table 8 Yields of humic acid prepared from cellulose
mixed with nitrogen compounds
Weight Duration | Yields Yields of humic acid
of Solvent of of Note
cellulose boiling humin Total l A typei B type
Mixed with Urea ’
08 017 b 0.022 % 0.010% 0.022% CU0.1-Na-10 A(B)
NaOH 30 0.03%% 0.017 | 0.019 ” Na-30-A(B)
50 0.041 0.022 | 0.019 ” Na-bs0-AB)
20 5% 10 9.042 0.971 0.945 | 0.026 CU-15-S-10-A(B)
H2S0:+ 30 1.943 3.572 3,572 | trace ” A0-A
£0 0.510 1.931 1.931 | trace ” 50 A
Mixed with Na-glutamate
20 1544 10 7.1 0.495 0.278 ] 0.217 CG 15-8-10-A(B)
H:S0. 30 3.115 1.748 0.960 | 0.788 ” 30 A(B)
50 2.630 1.520 1.086 | 0.434 ” -50-A(B)
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T'able 9. Nitrogen contained in humic acid prepared from

cellulose mixed with nitrogen compounds

B type

N
oY

Duration A type
Solvent of - e g i
boiling | Nitrogen content Nitrozen fived
Mixed with Urea (1.983g)
1ghrs 995 % .15 %
15% H2S01 20 7.46 26.70
o /f@ 15.82
Mixged with Na glutamate {18.7¢g
10 0.84 0.15
15% HaSO4 20 0.07 0.04
50 0.74 0.52

0.093
0.015
0.234

Nitrogen contained in humic acid
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Table 10. Yields of humic acid prepared from hemicellulose

by boiling with sulfuric acid

Weight Conen. I Duration Yields Yields of humic acid
of of of of - Note
hemicellulose; solvent boiling humin Total | A type B type
3 8 520 0P 0.03 9 0.016% 0.00/% 0.009% H-5-S-10-A(B)
5 20 0.04 0.0251 0.002 | 0.014 » -30-AB)
5 50 0.09 0.067 1 0.024 | 0.033 #  -B0-A(B)
3 10 10 0.12 0.069  0.028| 0.041| H-10-S-10-A(B)
10 30 0.28 0.120 1 0.032 | 0.088 v -30-AB)
10 50 0.43 0.176 | 0.045| 0.13%3 » o <B0-AB)
3 15 10 0.75 0.430 | 0.210 0.220, H-15-5-10-A(B)
15 20 0.68 0.560 1 0.245 | 0.320 7z -30-A(B)
15 =0 0.96 0.940{ 0.610; 0.310 v -50-A(B)

Fig 9 Absorption curves of humic acids

prepared from hemicellulose by boiling

with sulfuric acid
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Table 11 Yields of humic acid prepared from hemicellulose
by boiling with NaOH

B fype, l)ailinj for SC hrs.

Weight Concen. Duration Yields of humic a-id
of ! of of T - Note
hemicellulosel solvent boiling Total | B type
3 8 0.1% 0 0.07%  0.037%  HO.1-Na0-B
0.1 30 0.038 0.038 ” -30-B
0.1 50 0 042 0.042 o 50 B
3 0.5 10 0.038 0.038 H{0.5-Na-i0B
0.5 20 0.050 0.050 ” -30-B
0.5 20 0.073 0.073 ” -50-B
3 1.0 10 0.110 0.110 H 1.0-Na 0B
1.0 0 0.142 0.142 ” -30B
1.0 50 0.182 0.189 ” -50B
Fig.10 Absorption curves of humic acids from
hemicellulose and lignin prepared by boiling 1 = =]
with NaOH - -
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Summary

The writers have examined the absorption spectra of the artificial humic acids prepared by means of
boiling such materials as xylose, sucrose, pentose, cellulose and hemicellulose in the solution of oxalic acid,
sulfric acid or sodiumhydroxyde, and have acertained the characteristics of the artificial humic acids
prepared from carbohydrates, and the various colorings of the said acids effected by each treatment, The
following are a summary of the resulls thus obtained.

{1} When we indicate the inclination of the absorption curves Lowards the axis of wavelength, especially
in the visible region by A Log Kz (Log K;oo~Log Ks50), and the characteristics of the shape of absorption
curves in the ultraviolet and sub-uliraviolet regions by /.Log Ki(Log Kzso~Log Kaso) and /Log Kz (Log
Kaz2o~Log Kazo) respectively, we find a reciprocal relation between / Log Kz and /:Log Ki or ALog Ko.
According to the relation mentioned above, these artificial humic acids, prepared from carbohydrates, can
be classified into four groups, namely, Groups I, II, IIl and IV.

(2) The humic acids, prepared by boiling cellulose and hemicellulose in the solution of sodiumhydroxyde,
belong to Groups I and IV. The coloring of the humic acids in Group I is the lightest and that in Group IV
is the darkest in all the artificial humic acids. In an early process of boiling, the characteristics of the light
absorption of Group I are very similar to those of lignin in the ultraviolet region, and its characteristics of
the light absorption gradually disapperes in an adi‘jonal boiling, while the color of Group I becomes much
darker. Group IV, that is Type B of humic acids, being non-flocculated by Mgt+, can be obtained from
cellulose, and the shape of absorption curves is nearly straight in the range of parts of the longer wavelength
in the ultraviolet region and the visible region.

(38) The humic acids, prepared by boiling each carbohydrate in the solution of oxalic acid and sulfric
acid, belong to Groups II and III. Group II is obtained from sucrose miged with nitrogen compounds, ie: urea
and Na-glutamate, and has the same light absorption band in the ultraviolet region as Group I. The coloring
in Group IT is much darker than that of humic acids in Group I. Most of the colors in Group III are much
darker than those in Group II, and the light absorption in the ultraviolet region gradually decreases its
intensity in the increasing wavelength, but a sudden decrease of the light absorption can be seen in the
range of about 370 mu to the longer wavelength.



