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Effect of Monosaccharides Extracted by Saturated
Portland Cement Solution on the Setting of
the Lignocellulosic — Cement Composite'’

Don Ha Choi? - Dong So Shin? . Won Yung Ahn®

Summary

This experiment was carried out to investigate the effects of monosaccharides extracted by saturated port-
fand cement solution on the cement setting in comparision with the inhibitory index (I}of each lignocellulosic-
cement system.

The wood species which have been widely reforested in Korea, Populus alba-grandulosa, Larix leptolepis,
Abies holophylla, Pinus koraiensis, Pinus rigida, Pinus densiflora and agricultural wastes of rice husk and rice
stalk were used at this study.

The wood meal, 0.50g on dry weight basis, through 0.83 mm (20 mesh) and retained on 0.35mm (40 mesh)
screen was extracted by 25 ml saturated portland cement solution and the pH of saturated portland cement
solution was 12.7, To eliminate cation exsisting in the extracted solution, the cation exchange column was used
{Fig. 4). Afterwards the extracted monosaccharides were reduced into alditols with sodium borohydride and
analyzed by the gas-liquid chromotography for xylan, mannan, arabinan, galactan, glucan. The heat of cement
hydration for lignocellulosic-cement system was measured in Dewar flask (Fig. 2). And then the inhibitory
indices were calculated from maximum hydration temperature, time and maximum slops of hydration curve
of ligno cellulosic-cement systems.

The resuits obtained were as follows;

(1) The inhibitory index of pines-Pinus rigida {1=29.33) and Pinus densiflora (1=35.76), were lower than that
of poplar-Populus alba-glandulosa (J=41.48), and the index of Larix leptolepis (1=73.00) was the highest
among eight lignocellulosic-cement systems, and accordingly both Pinus rigida and Pinus desiflora were
seemed to be good wood species for wood-cement composite manufacture.

(2) In case of Pinus rigida, the inhibitory index was 29.33 and the ratio of the hexoses to the pentoses was
6.04 and in case of Larix leptolepis, the index and the ratio were 73.00 and 35.19, respectively. Therefore
the inhibitory index increased with increasing the ratios of the hexoses to the pentoses.

(3) The richer amount of xylose and mannose in species caused decreasing the slops of the hydration curve

of the lignocellulosic-cement system, probably due to the chemical adsorption of the acetyl groups in the

C#% 5H 30H Received May 30, 1984,
L g KB AR KEN LEBE College of Agriculture, Seoul National University, Suwon, 170,
Korea,
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hemicellulose on the surface of cement grains,

(4) The amoun of xylose and mannose were significant to the inhibitory index of each lignocellulosic-cement

system but any specific relation between the amount of glucose and inhibitory index was not found.

Key word, extracted monosaccharide, inhibitory index, gas-liquid chromatography, chemical adsorption,

saturated portiand cement solution.
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Table 1. Chemical and physical properties
of portland cement used, Type I
(Courtesy Ssang Yong Cement Co.

Ltd.)

AL, Chemical composition

[tem ASTM C 150 Test Results

Si0, % 208
AlyOn % 5.8
FeaOn % 3.9
CaQ % - 62.4
MgO % Max. 6.0 3.4
SO

When C3A=8% % Max. 30

When C3A 8% % Max. 35 1.6.
Loss on ignition %  Max. 3.0 0.9
Insoluble residue % Max. 075 0.21
CiS % - 47
€28 % 74
C @ A % 8.8
C 4AF 4+ 2C ;jA % -
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B. Physical properties

Min. 2800 3,250
(em®/g)  {em’®)

"Fineness, specific
surface, air
permeability

Autoclave expansion %
Time of setting
Gillmore test
Initial set min. Min. 60 180
Final set hr. Max. 10
Compression strength
kp“em? (psi)
3 days Min.” 127 186
(1800) (2645)

Max. 0.8 0.18

7 days Min. 197 262
(2800) (3730)
28 days - 341

(4850

fidiell HiRE e 48AHME type [ MR
=d ERH A ME, (tBY HH2 ofE 2
Table 13

314 @mRAME KEKE2 BE

AN E ABES pHE Ca(OH), & &N XK
s Bonz & 349 AWE 15kg & Ho4
pH 127 ¢ =HA 3o FEHSE L

3.2, WMEFE
321 i KH-AYdE #ael

of g
Moslemi, A. A.(1983) H™2 KH 156g(%
FAYS AWE 200g 3 544 205méE ?‘t’;‘?‘f
Pe o st ARSI AREBE (Unhibitory

7K R HN

ladex, |)& 3k
ARBES flEste HiES BHA%me FolAA

#2 F Fig. 2% zel =gpzetAd(Dewar fla-
sk)ol dar Fel#(del Tem, Wd 6mm)l 71§
REEH(0C~1000) 8 WHASRACh A%
e bR A sk gl A 21~23C 8 Mwsl
Mol Wt IR 28 UREEE figkele 30
o e R REE A KE-HAAE WERE &
AL EEE L o8 418 st BlEskal ek

AR = B AREE(T) S o gl 4
L), FHEARBECT) S BEARGE el EAT)
aEm BAERE ERE(Smax) & RHEstel  otel 2
Nl el Aste FEbed g,

ACRABIHIE ()= [ ( M—)(r” __sgiﬂ

x 100 (%)

Fig 2. Schematic drawing of experimental set to

determine the heat of hydratior,
a) thermometer b) insulation stopper
glass fiber d) wood-cement mixture
a) filler f) Dewar flask
g} copper pipe sle- h) paper cup
eve at stopper

~

i

£ 8. AvE &

4t 2] ¢ Chr.)
e ARlE B Z%Ae t (hr)

T:oma-daE g g AT
T A E « & EEE 2] AT

S:EH.Adas « & ZTgals Smax
S Al E « & EjhEel Smax
2.2 HURIAIR . KESEO) kS sREe] Aidl
ifl-‘;,?;&.i\’f? FEER 05g 3 #RuAAE KR
26méF 100ms violHel ghol g2 (70 &
Joyeh @e F 54, 159, 259vtch @EE 3 &
WoAeliE F 1Azbel Al ebg Al A what-
mann No. 44 ¢ A& FoloH dad F 24 125
mé 2 i hA 10me o) #kE phapstsloh
323 fmii# el F4olg Wik
Dowex 50w-8x 100~200 mesh o] & @
a7 2emsl fel#Es 20em SES Y
Fig. 4 ¢t 22 #iEE FHH G&]28 BES
o=,
324 Ahhgeb el BERISHT
e KRB R T HES

"

i

TAPPI



B - TR LU MRANE KAR o @ M M REARE WA ke mixie #8029

ty = MIXING TIME

1, = TIME TO REACH Ty
Ty = INITIAL TEMP,
T;= MAXIMUM TEMP.
$-MAX. = MAXIMM SLOPE

EXOTERM TEMPERATURE(T )

/

s

fo t
RFACTICON TIME{HOURS)

Fig. 3. A schematic representation of the typical
behavior of lignocellulosics - cement reac-
tion.
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Fig. 4. The apparatus of cation exchange column.
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land cement and Korean lignocellulosics.



lulosics.

30 HEAFE A12W 35 19849 6%
Table 2. S-Maximum and inhibitory index(|) of Korean lignocellulosics to hydration of port-
land cement
. . LSD* \ LSD S - Max. 1
Species T (%) T t (hr? n L (C he) (%)
PR 28.25 4 a** 21.00 4 b 3.0 2933
RH 17.45 4 b 19.75 4 ¢ 40 32.47
PD 27.70 4 a 22.25 4 a 2.6 35.76
PA 3.48 4 H 15.63 4 a 0.5 4148
PK 4.15 4 ef 16.38 4 a 0.6 46.50
RS 503 4 e 17.38 4 d 0.6 53.55
LL 7.25 4 d 21.13 4 b 1.3 73.00
AH 8.58 4 c 6.38 4 e 47 - XK
CEM 50.40 4 - 10.63 4 95 0.00
Note) * Siginificant at the 0.05 level
** The same letters are not significantly different
*** Impossible to calculate the I-value
Table 3. The best predictive mode! fitting to the hydration temperature of cement and mixture
of cement and Korean lignocellulosics
Mixture Equation * R2**
CEM - WATER Y, ** = 0.2359 + 1.4532 t*— 0.0080 t* 0.985
CEM - PD Y, = 1.0769+01812 t*— 0.0052t° 0.964
CEM - PR Y; = 1.0463 —0.8708 t + 0.3470t*— 0.0159 t*+ 0.0002 t* 0.995
CEM - RH Y, = 01234409774 t — 0.1558 t*+ 0.0157 t* — 0.0004 t* 0.931
CEM - PK Y; = 0.5796 +0.3009 t -- 0.0084¢° 0.951
CEM - AH Ye = 0.6715+3.6819 t — 05514 t*+ 0.0256¢* 0.858
CEM - LL Y; = 0.2657 +0.8102 t — 00735 t* + 0.0042 t*— 0.00009 t* 0.985
CEM - RS Yy = 02111402421 ¢ + 00141 7 0.0008¢* 0.958
CEM - PA Y, = 0.2962-03038 ¢t - 00004 ¢* 0.904
Note) * : Equation of maximum R-square among the polynominal equations , o
*¥* 1 Y, ¢ temperature in °C t : time in hour
R? : All values of R-square are significant at the 0.05 level (F-test)
LL (73-00)———TTM
o et gt e s H U ol ARIMHIES 29 3ol oA
W
~ o uhebU A gk qbrh
< el
w et
s ¢ 3
- & 3 ¥ - 4.2 MHMHE AORRO K3 LM HHF
§ : é‘.-} E N RS R, EY TS BN A8 &
o o a 7 N % thE 6702 standardol A EHEsIlEA)
& ool B N . . .
z E 3 \\ | % %72 retention time ? 3 @& Table 41 v
BT R R == & ul i o,
= % N 283 & MEEEC BT MERE standard
——] WO\ .. - N . - e
§ N wel &% B & 5Tl peak area o i
] .\SI\ WE BEHHRL inositol 3 peak area HE #H
/ st e old MY AL Table 59 #rh
\\\\3 4 Bl B RS rhael Kol @ksiA fretged
P " ™ 1
g At D& IR B o &+ cent = Ta-
Fig. 6. Inhibitory characteristics of the lignocel- L EEE RRAM FAC HT percentage £ Ta

ble 6 vERU T



HATH - A - dooctR Al AE el SR Heh R EmT ARAIRE EO8el el olae B® 31

Table 4. The compositions of the standards and the retention time of each monosaccharides

standard standard standard  standard standard standard  standard

*2
component NO. 1 NO.2  NO.3  NO.4 NO.5  NO.6 RT
glucose 90.0 70.0 60.0 45.0 30.0 20.0%¢ 0.86**
galactose 0.5 L5 3.0 45 6.0 7.5 0.67
mannose 0.5 4.0 75 110 14.5 180 0.41
xylose 2.0 1.5 15.0 22.5 300 380 0.30
arabinose 0.2 0.5 1.5 2.5 3.5 4.5 019
total sugar 92.7 83.5 87.0 85.5 84.0 880

. : . - . . *x3 . : . B
Note) *' ;unit : mg  *?; the retention time ; unit @ min

0.18 0.28 o Table 5. The equations for the calibration
iﬁ . 0.1

- Coo e constant of each monosaccharides
5.8 S
1.20 . . K*!= 0,922 + 25557 X **
E 1. arabinose (+¥= 0.992)
RT  AREA AREA % xylose K= 001 ¢ 14332 X
{r= LO
0.05 9 0.000 arabinose K = 33873 + 6.316 X
0.18 233 0.009 xylose mannose (e = 0.945)
0.28 92 0.003 mannose K = 2927.60 4+ 15.159 X
039 221800 8224 galactose (r =~ 0.984)
0.48 356800 13.230 K== 11689 + 5052 X
lucos ,
0.69 1799000 66706  galactose glucose r o= 0.941)
0.86 281300 10.431 glucose Note *!; the caliblation constant
1.20 22530 0.835 inositol *25 the ratio of the component peak area
1.30 15140 0.561

to internal standard peak area

**, the correlation coefficient

Fig. 7. Typical chromatogram of samples.
Table 6. The quantitative analysis of monosaccharides extracted by saturated portland cement
solution (%)

species

PA AH PR PK LL RH PD RS

compound
0.039 0418 0262 0092 0117 0053 0116 0.013
arabinose 0.044 0462 0139 0185 0077 0108 0184  0.027
0.035 0573 0174 0051 0109 0136 0165  0.052
average 0.039 0484 0191 0122 0101 0099 0155 0030
0010 1384 1319 0582 0024 0059 0132  0.005
xylose 0.020  LODT 1243 0500 0061 0092 0135 0007
0.010 1320 1311 065 0051 0060 0201 0012
average 0013 1237 1291 0579 0045 0070 0156 0008
0165  1.107 1321 1083 1212 1007 1385  1.012
mannose 0108 0892 1425 1016 1087 1576 1405 1.009
0114 0892 1196 L35 1217 1742 1372 0073
average 0129 0963 1314 1158 1205 1442 1387 0998
0,040  1OBI 0729 0330 0128 0134 0276 (047
galactose 0.043 1123 0778 0321 0191 0282 0254 0067
0.043  L046 0650 0390 0175 0187 0243  0.059
average 0.042 1083 0719 0347 0164 0201 0257 0057
0185 5331 7230 4206  3.572 1483 01861
glucose 0.232 5917 6724 3340 2913 ~ 1689 0.207
0241 5602 6780 3725 3821 - 1523 0214
average 0.202 5617 6911 2760 3.769 1565 0227
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