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FETHARNOL DECOMFOSITION OVER
LANTHARA-MODIFIED PLATINUM CATALYSTS

WITTAYAKUN, 1.*, COWLEY, S. W.n, AND GRISDANURAK, N.**

Unpnga
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ABSTRACT

The decomposition of ethanol, a renewable resource, produces methane, carbon monoxide
and hydrogen as main products. The reaction was performed in 2 tubular flow reactor using
platinum/lanthana/silica in which the silica support is covered by a thin layer of lanthana. The
investigated temperature range was 200-500°C. These catalysts showed 1009% activity and
92-96% selectivity at 400°C. The catalytic activity increases with lanthana loading. However,
they showed severe loss in activity during the test sequence. Catalyst coking is responsible for
this activity loss. In addition, XRD result showed that sintering took place during the testing

temperature sequence.

* Department of Chemistry, Colorado School of Mines, USA.
*# Department of Chemical Engineering, Khon Kaen University Thailand.
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INTRODUCTION

Ethanol has received attention as a
low-emission alternative fuel to gasoline.
Ethanol emits fewer hydrocarbons than gaso-
line, and these hydrocarbons are less reactive
photochemically. However, it does have some
serious disadvantages. Ethanol has a lower
heating value (on a volume basis) and lower
volatility than gasoline. This results in poorer
fuel economy and cold startability than gaso-
line. One way to overcome this problem is to
catalytically decompose ethanol inte hydrogen,
carbon monoxide, and methane on board the
vehicle. The decomposition products have a
higher energy content than ethanol. Very little
work has been conducted on the ethanol
decomposition reaction. There is a need 1o
understand the fundamental chemistry of the
surface reaction and there is also a need for
highly selective, and thermally stable catalysts.
Studies of ethanol decomposition process have
used a variety of test apparatus and catalysts.
The catalyst reported in the literature can be
categorized into three groups: metal single
crystals such as Pd(111) and Ni(111), metal
oxide or supports such as Alumina (AL O ) or
Silica (SiOZ) [1], and supported metals such
as Pd/ZnG. Only a few studies of the reaction
have been used supported metal catalysts.
One example is the decomposition over
Pd/Zn0G catalyst in which the reaction was
observed through two reaction pathways:
dehydrogenation to acetaldehyde and hydrogen

and dehydration to ethylene and water [2].
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The goal of this paper is to report a
study of silica-supported platinum catalysts and
conditions for higher yields of hydrogen, carbon
monexide and methane from ethanol. It is
important to design and test a catalyst with high
activity and selectivity for the decomposition
reaction. A satisfactory catalyst must provide
good metal dispersion, low surface acidity,

high surface area, and good mechanical strength.

THERMODYNAMIC CALCULATION
Prior to the experiment, the thermod-
ynamic calculations has been conducted. The
informations obtained were some roughly
condition that may occur during the catalyftic
decomposition of ethanol over a temperature
range of 100-1000°C. This information may
use to determine the feasibility of a given
reaction and to predict the expected equilibrium
distribution of reactants and products. The
calculation using a commercial program called
ASPEN PLUS. The reactions considered for
this study are ethanol decomposition (eq. 1),
ethanol dehydrogenation (eq. 2), acetaldehyde
decomposition {eq. 3), and ethanol dehydration
(eq.4 and 5), water-gas shift reaction (eq. 8),

and methane steam reforming (eq. 7).

CHCHOH —> CO+CH +H, (1)
CHCHOH —> CHCHO + H_ (2)
CHCHO  — CH, +CO (3)
CHCHOH - CH_ =CH +HO (4)
2CH CHOH — CHCHOCHCH + HO  (5)
CO+HO —>COH ()

CH,+HO = CO+H )
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The ASPEN PLUS program has the
capability of determining the equilibrium mole
percent of products for a system in which all
of the above reactions occur simultaneously,
assuming ideal gas behavior, see Figure 1. If
the system reaches thermodynamic equilibrium,
carbon dioxide and methane are major products
between 100-400°C. The product distribution
goes through a transition between 400 and
600°C, and finally carbon monoxide, methane
and hydrogen are major products in the 700
to 1000°C temperature range. The ASPEN
PLUS result suggests that methanation (a
reverse reaction of eq. 7) and water-gas shift
reaction (eq. 6) are predominant at the lower
temperatures. Inaddition, dimethyl ether, ethylene,
and water will not be present in any significant
amount at equilibrium over the temperature
range studied.

The above

thermodynamic  results

cannot predict how rapidly equilibrium is
approached for each of the reactions discussed.
The use of a catalyst may have a profound effect
on selected reaction rates and markedly alter the
product distribution at a given temperature and
catalyst contact time. Catalyst activity is defined
as a measure of the relative rate at which the
system approaches equilibrium. Therefore, a
comparison of catalyst activities must be
conducted under non-equilibrium conditions.
Once the system reaches equilibrium, distinction
berween catalyst behavior is lost. The thermod-
ynamic data will also be used to verified that
the catalysts are indeed being evaluated at

non-equilibrium conditions.
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ECO  EBCH4

Fig. 1. Mole percent of product distribution for
simultaneocus ethanol decomposition and side

reactions from ASPEN PLUS.

EXPERIMENTAL PROCEDURES
Materials:  Gaseous reagents include high
purity grade helium (99.995%), ultra high
purity grade hydrogen (99.999%), 2.0%
hydrogen in helium, and a multicomponent
calibration gas (form General Air Service and
Supply Company, Denver, CO), standard CP
grade ethane, carbon monoxide and methane
(from Scientific Gas Products), and standard
ethylene (from the Linde Division of Union
Carbide Corporation). Ethanol (100%) and
acetaldehyde (95%) used in this study were
supplied by McCormick Distilling Company.
Lanthanum nitrate hydrate (99.999% with
maximum 0.0019%Ca) was obtained from Fisher

Scientific Company. Platinum (V) Chloride was

supplied by Strem Chemicals, Incorporated.
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Procedures:

29La 0 /SiO , and 29%Pt/5%La O / SiO,,

All catalysts, 2%Pt/Si02, 29%Pt/

were prepared using standard impregnation
method [3].

in a tubular flow reactor by the scheme shown

Catalyst evalnation were conducted
in Fig. 2. Ethanol was introduced info the
preheater via a Model 341 A Sage syringe pump
with the rate of 1.5 cc/hr.  The vaporized
ethanol was mixed with helium gas flow (20
cc/min.) before entering the catalytic reactor

tube

Q vent

Heating Oven ——— Lo TIC

Catalyst Bed

Preheat Oven T*
Helium
Hydmgenj;o%—‘

Fig. 2.

Z%Hydrogen in Helium
Ethanot Pump

The reactor system used to evaluate

catalyst materials.

with produce a space velocity of 3.5 hr-1.
The catalytic testing sequence began by heating
the reactor from ambient temperature at a rate
of 10°C/min. to 200, 300, 400 and 500°C.
The temperature was held for 3 hr. at each
temperature. Finally, the reactor was cooled to
300°C to observe loss in catalytic activity. The
reaction products from the quartz reactor tube
passed through a heated (100°C) exit line to

prevent condensation. The product stream was

pymsinenans v, U3 25 AR 2 wwew-guisy 2540
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sampled and analyzed by an on-line gas
chromatograph and the remainder was vented
into the hood.

The products were analyzed by a
Perkin-FElmer Sigma-3B GC with thermal
conductivity detector (TCD). A carrier gas
consisting of approximately 2.0 mole% hydrogen
analysis is desired. The carrier gas flow rate was
30 cc/min. The analytical column was 10'x1/8"
stainless steel tube packed with porapak N
(80-100 mesh). The analysis was performed
using - an initial oven temperature of 80°C,
increasing temperature at a rate of 20°C/min.
to 150°C, and finally holding at that temperature
for 15 min. The TCD temperature was 235°C.

RESULTS AND DISCUSSION
The activity and selectivity for ethanol

conversion are defined as follows:

(Mole EtOH input - Mole EtOH output) x 100

T Activity =
Mole EtOH input

Desired Re action x 100

%Selectivity =
All Te actions

Mote%COx100

Mole%[CH,CHO+CO-COL+C H +C H ]

Test for Undesirable Gas Phase and Surface
Reactions

For this study ethanol flow was

introduced into a reactor quartz tube which
No

contained only quartz chips. ethanol

conversion was observed at 200°C. At 300°C



128

approximately 1.0 mole percent conversion of
ethanol to acetaldehyde and hydrogen was
observed. At this conversion level the quantity
of hydrogen was too small to be detected by
thermal conductivity detector. Therefore, mole%
of H2 was obtained stoichiometrically, i.e. set
equal to that of acetaldehyde. At 400°C ethanol
conversion to acetaldehyde increased to 2
percent.. During the three hours of observation,
the activity decreases gradually with time. This
suggests that ethanol conversion occurs at the
surface of quartz chips or the walls of the quartz
tube rather than by the gas phase reactions.
After changing the temperature to 500°C ethanol
conversion reached 3 percent. In addition to
acetaldehyde, carbon monoxide and methane
were also produced. The later products were most
likely due to acetaldehyde decomposition,
see eq. 3.. A trace amount of ethylene from
ethanol dehydration was detected, see eq. 5.

These studies suggest that the relative
catalyst activities and selectivities can be safely
evaluated between 200-500°C. The conver-
sions are small and the contribution to the
overall conversion will be minor compared to
the conversions expected when the catalyst is
added to the reactor tube. Gas phase reactions
are expected to become more significant above
500°C. Thus catalysts were not tested above
this temperature. This information will serve as
background data and will be subtracted form
the obtained for tests conducted in the presence
of a catalyst.

Thus, the reported values will

be relative values.
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Ethane! Decomposition at 200°C

At 200°C, the primary reaction was
the dehydration of ethanol to acetaldehyde and
hydrogen. The average conversion were 2, 12,
and 15% over Z%Pt/SiOZ, Z%Pt/Q%LaZOa/
SiOZ, and Z%Pt/S%LaZOa/SiOQ, respectively as
Fig. 3. A small amount, less than 5 mole % of
the total product, due to acetaldehyde
decomposition to carbon monoxide and methane
was also observed. Thus the selectivity was
very low, ranging from 5 to & percent. No
products were observed that could be attributed
to the ethanol dehydration reaction, nor the
water gas shift reaction. The primary products
were hydrogen and acetaldehyde.

Apparently, the activation energy for
ethanol dehydrogenation is significantly lower
than that for acetaldehyde decomposition.
ASPEN PLUS thermodynamic calculations
predict only methane and carbon dioxide as
products at this temperature. It is obvious that
the combined reactions are displaced far from
that the

thermodynamic  equilibrium  and

reactions are kinetically controlled. It is
important to note that the lanthana modified -
silica supports produced catalysts that were
significantly more active than the unmodified
silica support. This may due to increased
dispersion of the platinum metal (smaller
crystallites) or possible to a strong metal-
support interaction (SMSI) between the lanthana

modifier and the platinum metal.
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Fig. 3. The activities of (1) 296P1/Si0 (2)
296Pt/2%La O /SiO and (3) 29%Pt/5 %La 0/
SiOg at 200°C.

Ethano! Decomposition at 300°C
Increasing the femperature to 300°C
in a marked increase

resulted in catalyst

activity. The catalysts demonstrated average
conversion of 33, 85 and 89 and average
selectivities of 29, 49 and 56 for the 2%Pt/
SiOZ, Z%Pt/Z%LaZOS/SiOZ, and 29%Pt/
S%LaZOB/SiOZ, catalysts as shown in Fig. 4.
These results suggest that the acetaldehyde
decomposition is now occurring at a significant
rate, as evidence by a marked increase in
hydrogen, methane and carbon monoxide
production relative to acetaldehyde, (see Fig. 5).
Only a trace amount of carbon dioxide was
observed indicating that the water-gas shift
reaction is not important at this temperature.
Since no dehydration products were observed,
the source of water for this reaction must come
from the small amount of impurity observed in

the original feed stock. The product distribution
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is still far from the calculated thermodynamic
equilibrium, again indicating that the reaction

are kinetically limited.

100

8O {-

60 .

40 b

Percent Activity

20 1

B < Gl 2 ;B B A 2
0.5 1 1.5 2 2.5 3
Time (hours)

Fig. 4. The activities of (1) 296P1/Si0 , (2)
2%?[2%L3203/Si02 and (3) 2%Pi’/5%LaEOS/
SiO2 at 300°C.

1060

80

Mole Percent Product

3

Catalyst Evaluated
ICcH4 B Co2

B CH3CHO

Fig. 5. Product distribution for ethanol decom-
position over (1) 2%Pt/Si0,, (2) 2Pt/
2”/0La203/8i02 and (3) 2%Ft/5%La ZGS/SiO2
at 300°C.
The effect of lanthana at this
temperatare is similar to that at 200°C. The

catalyst employing lanthana-modified support
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are significantly more active than the unmodified
counterpart. This result is an increase in both
ethanol dehydrogenation and acetaldehyde
decomposition. However, all three catalysts
showed a gradual decline in acetaldehyde
decomposition over the three hours testing
period.  This suggests that some catalyst
deactivation was occurring, see Fig. 4. Trace
amount of ethylene and ethane were detected.

The presence of ethylene suggests that the

catalysts retain sufficiently acidity at this
temperature to promoted small amount of
ethanol dehydration. In addition, it was

observed that the products of ethanol dehyd-
ration was slightly increased with increasing
lanthana loading. This increase could be caused
by either the increase in lanthana loading or by
the increase in metal dispersion. From these
data, it is possible to distinguish between the
two possible causes. Determination of effect of
lanthana on catalyst acidity and the potential

of ethanol dehydration on pure platinum metal

are recommended for future study.

Ethanol Decomposition at 400°C

The catalytic conversions and selec-
tivities were optimized at 400°C, where
conversions were 100 percent, (see Fig. 6) and
selectvities ranged between 94 and 92 percent.
The decline in the selectivity with increasing
lanthana loading is accompanied by an increase
of carbon dioxide production. The predominant
reaction products were hydrogen, methane and
carbon menoxide (see Fig. 7). At this tem-

perature acetaldehyde decomposition was nearly

ysmsmnmans wi. IR 25 Ui 2 mneSiguo 2540
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complete on 2%Pt/Si02, and complete on
296Pt/2%La O /810 and 29P1/5%La O /SiO,.
All  three
product distribution. The 2%Pt/SiO2 showed

catalysts gave essentially same

a gradual loss in activity for both the ethanol

dehydrogenation and acetaldehyde decom-

position reactions. The catalysts using ianthana
modified supports showed no significant loss
in activity over the duration of the evaluation.
Ethanol dehydrogenation to form ethylene
occurred to a slightly higher extent over the
than the

2% lanthana modified

unmodified support. The 5%Pt/2 %La203 /SiO2

support

catalyst showed no ftrace of ethylene; however,
a trace of ethane was observed. It may be
possible that this catalysts prevents ethylene
formation or promotes ethylene hydrogenation
to ethane.

As shown the mole percent of carbon
monoxide was lower than that of methane in
all three catalysts. This, it is likely that the
trace amount of carbon dioxide was formed
from carbon monoxide via the water-gas shift
reaction. This can be explained by the result
of the previous thermodynamic calculations
which indicated that ‘this reaction is thermod-

ynamically favorable at this temperature.
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Fig. 6. The activities of (1) 296FP1/Si0 , (2)
2%Pt/2%Laan/Si02 and (3) 2%Pt/5\%LaZOS/
S5i0, at 400°C.
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Fig. 7. Product distribution for ethanol
decomposition over (1) 296Pt/5i0 , (2) 29%Pt/
2%L3203/5i02 and (3) 2%Pt/5%LazOS/SiO2 at

400°C.

Ethanol Decomposition at 500°C

As shown in Fig. 8-8, all catalysts
conversions were lower at 500°C than those
observed at 400°C. It is obvious that catalyst
deactivation occurred rapidly at this temper-

ature. Both ethanol dehydrogenation and
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acetaldehyde decomposition showed a rapid
decline during the test period. However, the
unmodified supported deactivated to a greater
extent than the modified supports. The initial
activity over the Z%Pt/SiO2 catalyst must have
been close to 1009%, but rapidly deactivated
to 12.64% by the time the first sample was
analyzed. The catalyst deactivation is most
likely caused by ethylene polymerization, by
acetaldehyde polymerization or by carbon
monoxide disproportionation which eventually
forms an inactive carbon layer or the metal
surface; this process is referred to as catalyst
cooking. Since acetaldehyde, but not ethylene
was observed at 300°C, and no significant
deactivation was observed, it is unlikely that
acetaldehyde is the primary source of a catalyst
deactivation.  Carbon monoxide is present in
large amount at both 300 and 400°C and no
significant deactivation was observed during
the test period. Therefore, carbon monoxide
disproportionation is also eliminated as the
primary coking process. The catalyst activity
should be asymptotically approach zero as
coking progresses, and indeed is the case,
(Fig. 8). The lanthana modified supports
appear to asymptotically approach zerc activity
at a different rate than the unmodified support.
In fact, it is possible that all the catalysts will
reach some non-zero steady state value. A
non-zero steady state activity would suggest
that some mechanism exist for the slow removal
of carbon. As the catalyst activity declines
the carbon formation rate also declines until

the carbon formation and carbon removal rates
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are equal. Possible Carbon removal reactions
could include the hydrogenation of carbon to
produce methane and/or the oxidation of
carbon by eater to produce methane. From
Fig. 10, carbon hydrogenation, which is the
reverse of coke formation from methane, is
thermodynamically favorable between 200 and

500°C.
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Fig. 8 The activities of (1) 29Pt/Sio, (2)
296Pt/296La 0 /SiO_and (3) 296Pt/59La O /
SiO, at 500 °C.
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Fig. 9. Producr distrubution for ethanol
decomposition over (1) 296P1/5i0, (2) 29%Pt/
Q%LaZOS/SfOZ and (3) 2%Pt/5%£ag@3/§i@2 at

500°C.
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Fig. 10, Gibbs free energy of reaction of

carbon formation from carbon monoxide,

methane, ethylene and ethane.

Ethanol Becomposition at 300°C, Test for
Deactivation

At the end of the three house test
period at 500°C, the reactor temperalure was
reduced to 300°C. These results can be
compared to the initial test conducted at
3060°C, (sse Fig. 4 and 5). All three catalysts
showed almost complete loss of activity. A
residual activity of ethanol dehydrogenation was
still observed, but all activity of acetaldehyde
decomposition was lost.  All three catalysts
showed severe signed of coking. It is apparent
that the catalyst deactivation is caused primarily
by the ethylene polymerization and subsequent
coke formation on the metal surface. The
degree of catalyst deactivation appears to
correlate with the amount of ethylene produced
during the reaction. Acetaldehyde polymerization
was also considered to be a possible source of
deactivation, but there is no clear correlation

between deactivation and the amount of acetal~

dehyde in the product.
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XRED Result

Form XRD analyses of both fresh and
tested catalysts, the average crystallite diameters
of platinum metal catalysts were calculated
following a method in White's book [4]. The
lanthana modified catalysts have a smaller
metal crystallite size, thus higher dispersion
of the platinum metal. Thus a higher initial
activity per gram of catalysts would be
expected. However, all the catalysts would be
expected to reach the same steady state activity.
The asymptotic approach to this steady state
value would be displaced according to the
increase in available metal surface atoms. If
the lanthana modified catalysts reach a higher
steady state value than the unmodified catalysts,
then the metal surface in the modified catalysts
must have a higher activity for the carbon
removal reaction. This would suggest the
presence of a strong metal support interaction
between the platinum and the lanthana modifier
which alters the activity of the platinum metal
atoms. In addition, the metal crystallite size of
tested catalysts were larger than the fresh

catalysts indicating that sintering occurred

during the temperature testing sequence.

CONCLUSION

The catalysts showed maximum
activity (99-100%) and selectivity (92-96%)
at 400°C. The predominant products were
methane, carbon monoxide and hydrogen,
with trace amount of carbon dioxide, ethylene
and ethane. The reaction was far from the

predicted thermodynamic equilibrium, sugges-
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ting that ethanol dehydrogenation and
acetaldehyde decomposition were the kinetically
favored reactions in the presence of these
catalysts. The water-gas shift reaction and
methantion were kinetically limited under these
conditions. The gradual deactivation was
observed for Pt/Si02 catalysts and much slower
for modified catalysts. The catalytic deactivation
was caused by coke formation.

The catalysts using lanthana-modified
silica supports show dramatic improvement in
metal dispersion and consequently a corres-

ponding improvement in catalyst activity.
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ABSTRACT

The study compared the efficiency of three systematic samplings namely circular
systematic sampling , new systematic sampling , and bilinear systematic sampling. The population
under study are rice production and number of agricultural co-operative by province of Thailand.
The data collected by the Center of Agricultural Statistics crop year 1892/93.

The standard error and cofficient of variation of the sample mean are computed for each
method. The efficiency of three systematic samplings are compared based on the standard error
of the sample mean. The comparisons showed that the standard error of the three methods are large
for small sample sizes but the new systematic sampling is highest in all cases. In general the
standard error of bilinear systematic sampling is less than circular systematic sampling for large
sample sizes. The standard error of bilinear systematic sampling decreases rapidly when the

sampling fraction exceeds 39%.
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MR 1 ANAINLAREUINATTIUIEN Y., Y, Uoz Y., e N =69
n ‘ ;v(ycsv) o cv : V(VNSY)" (CV) - V(YBSY) (CV)
12 29,724.9080* (11.86)  77,096.1244 (30.77)  40,452.1215 (16.14)
13 41,143.7615* (16.42)  67,897.9836 (27.10) 43,377.7449 (17.31)
14 38,355.9236 (15.31) 59,780.3074 (23.86) 25,380.3246% (10.13)
15 38,845.0822 (15.50) 50,277.4445 (26.07) 22,589.9345* (9.02)
16 25,852.7200  (10.32) 63,385.9538 (25.30) 25,138.2007* (10.03)
17 22,290.5268* (8.90) 57,288.3753 (22.88) 25,126.7252 (10.083)
18 22,565.6570 (9.01) 50,728.0365 (20.25) 17,210.4203* (6.87)
19 25,123.5651* (10.03)  44,428.8512 (17.73) 95,902.6732 (10.34)
20  32,133.7084 (12.82)  37,567.2902 (14.99) 18,223.9272* (7.27)
21 26,069.8316  (10.42) 31,251.7014 (12.47) 21,361.0635% (8.53)
22 21,637.9982  (8.64)  25,795.5717 (10.30) 17,192.2418* (6.86)
23 19,168.3437* (7.65)  59,001.0771 (23.55) 19,168.3437* (7.56)
24 21,262.7973* (8.49) 54,555.1556 (21.77) 30,642.4501 (12.23)
25 24,263.4524* (9.68) 50,111.9843 (20.00) 29,842.6157 (11.81)
26 27,586.3222 (11.01) 45,748.9784 (18.26) 23,442.2993* (9.36)
27 30,661.5183 (12.24) 40,984.0412 (16.38) 5,679.4451% (2.27)
28 35,417.2904 (14.14) 36,295.1915 (14.49) 8,443.3153* (3.37)
29 30,644.00684 (12.23) 31,398.7598 (12.53) 5,717.4147* (2.28)
30 25,639.8660  (10.35) 26,443.5008 (10.55) 3,306.6204% (1.32)

= e o
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medi 2 mmﬂmmﬂﬁ'aummgmwm Y, Yo, woe Y il N = 73

\/V(y (c v> \/v<y <c v V"(ym) v

12 2.4110  (9.79) 4.7278  (19.20) 2.0642*  (8.38)
13 2.4007  (9.75) 4.3877  (17.82) 2.2661*  (9.20)
14 2.1870  (8.92) 3.8062  (15.46) 1.0907*  (4.43)
15 1.9940*  (9.10) 3.2973  (13.39) 2.5728  (10.45)
16 1.9305%  (7.84) 3.9391  (16.00) 2.8514  (11.58)
17 1.4159*  (5.75) 3.5411  (14.38) 1.8850 (7.686)
18 1.1765%  (4.78) 3.1894  (12.95) 1.2627 (5.13)
19 1.1651*  (4.73) 2.8124  (11.42) 1.4894 (6.05)
20 1.2583*  (5.11) 2.4657  (10.02) 1.9868 (8.07)
21 1.9532  (7.93) 2.1314 (8.66) 1.8677*  (7.59)
22 1.7075  (6.94) 1.8598 (7.55) 1.3254*  (5.38)
23 1.5223  (6.18) 3.6109  (14.67) 0.9842*  (4.00)
24 1.4168  (5.75) 3.3423  (13.58) 0.5566*  (2.26)
25 1.4193  (5.76) 3.0910  (12.55) 1.2899*  (5.24)
26 1.4760%  (6.00) 2.8288  (11.49) 1.5254 (6.20)
27 1.5690%  (6.37) 2.5849  (10.50) 1.5958 (6.48)
28 1.6490  (6.70) 2.3329 (9.48) 1.2047*  (4.83)
29 1.7273  (7.02) 2.0718 (8.42) 0.8884*  (3.61)
30 1.7788  (7.23) 1.8252 (7.41) 0.4820%  (1.96)

= o A
* ﬂ37ﬂﬂﬂ7ﬂlﬂaauﬂ’lﬁjg’)uﬂuaﬂnqﬂ



o a 4 g v d a
SAVSEE nsesmendas v, 1025 2T 2 wneu-igueu 2540 139

U'Sim'l'igﬂ'i&!

#5uns  gaduns tnalianisgudladlg
wpuLny : (WU.n) 2532.

Siinnuasegiansinees qudsiamsinuas
agamnsnunsuasdszinalng U
wzilan 2535/36 nyinw : sulyd
MIANN , 2536.

Agrawal , M.C. , Bersales , Lisa Grace 5. and
Acusta , Andre P. “Bilinear Systematic
Sampling” , UNDP - UP Staistical
Education Support Project , Research
Conference December 4 - 6 , | 1989
(Mimeographed)

Cochran , W.G. Sampling Techniques 3 rd. ed.
New York : John Wiley & Sons, 1877.

Singh , D and Chaudhary , F.S. Theory and
Amnalysis of Sample Survey Designs
New Delhi : Wiley Eastern , 1986.

Singh , D and Singh , P. “New Systematic
Sampling” Journal of Statistical Plan-
ning and Inferemce 1(1977):163 -
1717.



33N Uy, 25(2) : 140-145 (2540)

UTITALITIS

Mathematica JZUUEIBIUAIHIUT I AAFITENS
Tnamanitaas (aay 4)

lusauilaznadnfonsld Mathematica Wivweaaaa G9asld Mathematica
Tumaievasainuaaiondy  auiutuasiendy uasnasbufiinsavasiaridy
lunsmaismaeienidy Sduuy @a Limi/Waritdu,muds > Apssa)

3x%~7x-20

5
21x% +14x-35 3

wr B .} P ea & o " o o ¥
FIBeI9VE 1 AR TRvaININTY fix) = Wa x whlng -

- K o 3x%=7x-20
W WA lim 57 TON\\o
nglx +14x~35

f[l]:=
Limit[(3x"2-Tx-20)/(21x"2+145-35),x->-5/3]
Our[l] =

17

56

Sinx

AI2YIeT 2 WWIAARnIIsRTU fx) = We x wWlng 0

o . o osinx
Wi AWIA lim
x—0 X

2] :=
Limit[Sin[x]/x,x->0]
Outf2] =

I

50x% +95x +24

" fla x Wnlndenatus
20x°+77x+72

o # =8 oo s
IDeen 3 wwAddnraingy fx) =

- . 50x°+95x+24
W BIAY im TR
xoe0 20X +T77x+72

mf3]:=
Limit[(50x"24+95x+24)/(20x"2+77x+72),x->1. finity]



] Y g a 4 aya o a
INTAABNWILAES NINTNENEAAT 1. TR 25 ATUN 2 iwweu-Iguneu 2540 141

Out[3] =

20x% +13x+2

. . o x lnden
—64x" —16x" +4x+1

o 2 = L aa 5
FIESEIIeYE 4 niAalauantu fix) =

v ¢ A . 20x2 +13x+2
AUAUUA HID BIAN lim 3 5
yo—oe —04x” —16x° +4x+1

Inf4] =
Limit[(20x"2+13x+2)/(-64x"3-16x"2+4x+1),x->-Infinity]
Out[4] =

0

1+4x—16x> —64x°

5 dia x dnlng
20x" +13x+2

s ® =4 TN & o
MNBUIEN 5 WNIARNATRINIATY fx) =

e e a0 +4x—16x" ~64x°
ANAUAUUR I8 NPT [im 5
x——ee 20X +13x4+2

Inf5] =
Limit[(1+4x-16x/2-64x/3)/(20x"2+13x+2),x->-Infinity]
Out[5] =

DirectedInfinity(1]

o =t 5 AR 1. DY A o a w

GOV B AHIATANAVRINIATY fix)= — W x Wlad 1 v1een
X

= . 1
Il KR lim —
xo1t X

nf[6] =
Limit[1/x,x->0,Direction->1]
Out[6] =

DirectedInfinity[-1]

w = =4 \ aa & o . 1 = o o 3
AIOu 7 AWIAANAYaINIRTY fix)= —wWax Whlad 1 nnedng
X

a . 1
Wi BIAN [im —
-1 x
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nf7]:=
Limit[1/x,x->0,Direction->-1]
Out[7] =

DirectedInfinity[1]

Tumsmayiusuasdty Sgduuy Aa Disridumuds)

os @ =] @ @
DU B wEnayNuTIaIiity fx) = 2%~ 7x—4

38 BIA" i(Zx2 ~Tx—4)
dx

nf8] :=
D[2x"2-Tx-4,x]
Out[8] =

ST+4x

sinseei o qemayWLgTaarity f(x) = sin x
a ood o,
%30 BWIAT —(sinx)
dx
n[9] :=
DiSin[x],x]
Out[9] =
Cos[x]

pia@eisil 10 svayiuineliidy flv = (Gx+4) (x+5)
Win WA ~;~1—((3x+4)2(x+5)2)
ax

In[10] :=

DI(3x+4)"2(x+5)"2,%]

Out(10] =
2 2
6G5+%x) G+3x)+206+x) @ +3x)
2
o =z . o o x“+2x+1
aoeafl 11 wnayiuseshiity flx) = ————
x“+3x

a . d x*+2x+1
WIE VIR — (g
dx x“+3x
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In[ll]:=

D[(xA24+2x+ 1)/(x2+3x) ]

Out[11] =
2
B+2x)(1+2x+x) 2+2x
~( )+
22 2
Bx+x) 3Xx+X

o 2 =) v g s
GYIDEIIUVE 12 azmagwuﬁﬂuaaﬂaﬂﬂau fix) = x arctan x

o .d
ig WIAN —(xarctanx)
dx

Inf12] :=

D[x ArcTan[x].x]
Out[12] =

______ + ArcTan[x]

2
I +x

Tunsmayiussusugruesioidu Squuuu Aa Dflsddu, (s duau)]

faaue?l 13 wmeaynusAuauaaaiAdl fix) = ¥t o2 - 36x% +162x+24

- . d*
LERMGE ?(x4 2y —36x° +162x+24)
ax

n[i3] =
D[x"4-2x"3-36x"2+162x+24,{x,2}]
Out[13] =
72-12x+12x
FirDeait 14 aswnaywusaunua sy fx) = x> +2cosx
WIB WA i33—(x2 +2cosx)
dx
In[14] :=
D[x*2+2Cos[x],{x,3}]
Outf14] =
2 Sin[x]
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lumsvnauiinialadrinuevasedty SzUuuu fa iregrare/Wardu,muds)

o # P} a a o (o o

M8 15 wwdufinsaliininenueliidy fx) = x2(1-x°)°
w38 WA sz(l—x3)5dx

Inf15] :=

Integrate[x"2(1-x"3)75,x]

Out[15] =

3 6 9 12 15 18
X 5x 10 5x X X
—— o e + ___________ + A —
3 6 G 6 3 18

fasunei 18 wwiufinfalisfinaauasieriiy fix) = ¢ % sin3x
wa WA e 2 sindx dx

Inf16] :=

Integrate[Exp[-2x]Sin[3x],x]

Out{16] =

-3 Cos[3 x] 2 Sin[3 x]

2x 2 X
E E

13
o “ pu | a a w (o w & w 2
BRI 17 eWIRNNNIa LN nneuaswa fy fix)= x"arctanx
938 BAn szarctanxdx

Infl7]:=

Integrate[x"2 ArcTan[x],x]

Out(17] =

2 3 2
-x X ArcTan[x] Log[l+x]
-+ -+
6 3 6

nuewmg Log saflufiitunani@ing usssnmp (g e)



@ o < a ¢ ayd v A =
INIAAANNWIADS NIMIINIFNTAT WY, ﬂ‘Vl 25 RUUN 2 LMHWEJH-SJQH'IEJN 2540 145

Tunsnndufinsadinaaauasiaity dUuuy Ag

Integrate[Woritu, {03, Ana19ualnuu

ar ° ) o A o 8w Y 2 A =
FRoEIen 18 W BuANTaMNMAaININTY fx) = x—x" W x=0 D3 x =1

i
wia mien [ x— x*dx
0

Inf18] :=
Integrate[x-x2,{x,0,1}]
Out{18] =

1

6

ar s pu | a a woo A N y = =
SrioeIen 19 wndufindaannalanuasdang fix)=sinx Wox=0 ¥ x= 7
~ ) T
73D WA [sinxdx
0
Inf19] :=
Integrate[Sin[x],{x,0,P1}]
Out{19] =

2

o ® e} & a W o w o 3 o =
GBIV 20 aevndufinsasnnmanuaadeidu flx) = VA—x? Wax=1 fx=2

2
win v [V 4—x dx
i

Inf20] :=
Integrate[Sqrt[4-x2],{x,1,2}]

Out[20] =

-Sqrt[3] 2P1

________ + —_——
2 3

naowg Sart[3] = V3 uay Pi=n
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* John Mcmurry, “Organic Chemistry”, 2™ed, Brooks/Cole Publishing Company, 1988, p 24.



@ o '3
BunnueIngndans

¢ A o

asdsznavlalasarsuaunazihun

> & P prpm ' Y
awluenil awdanasshilluanane ) ludu
L% =f e“!’ [4 s 7 i
Fauuasilasasniugiiumainerssasus
avdszan laun  fivnu (CH) uaz By
[~ ar 1 o ) o s

(CH3~CH3) WUAIDENYBNDRLAY  LBYIAY

=4

(H,C=CH) Wlushasazadafuiara@fau

(HC = CH) Jusadunsdaled  dwmiu
C} 9 A »d‘:‘ @y o
qﬂﬂiniwlmsLﬂuﬂuawm%almw waz g

sudseanadsinnn Usznaues

1. gnilas 31 16 gn Jdu 7 @n

2. fuwaadn wu Mugnlleaald
§10 2.5 2. 1 BYU 2.3 TN, 2 DU 2 %u. 3
AU uay 1.8 7u. 16 au

3. AMUIGET WY AMIATITN 1 ¥an

4. wipath (dyer)  aladildn
whle

5. (@en v3p ae 2 LEu

lumm%mmmhamﬁaz@lﬁ@ﬂﬂ\zﬂaa
dduunu ¢ warldgnledesdununy H
Muwanain am 2.5 ¥ unu Ca - C o
lavdlowdu  oadines  Muwaiddn &
2.2%1. UM C 2 =C 2 lauslewmdu aadines
URSAMUWANEAN &7 2 A, uny e 2 C
lavdlawduaasivea Swsumuwasans?
1.8 asldunuma Cs-Hs,Co2 -Hs uaz
C - H Touslawsy aadivea tHesnAny

e11989 C-H uaneenuldinniin

yImnsinemans v, U0 25 AUl 2 nou-iguen 2540

153

1. msaelaimadiaasuaaiitnu (CH4)
1.1 wSswazeanyay H 1Emviea
ngnilUasdeny  AadmefMuwaaanuuig
1.8 7u.  uhliuvesmesash  wsawheos
thn  dwdmnunugntedasdiman 3 an
aleazaonuas H winnuouw 4 84
1.2 aeFenmunadushugudna
a = ] = [~ [ ¥ as
yaegniaeddn wdaanidu 3 @ g nu
£ WA 9 o4 13 =}
Tdhnmanlingauds asld 2 98 vuduizan
1.3 wwSgunzaanay C (sp°) i
Wanunssussuduriugudnauasgneuas
=4 & -y =Y =1 ﬁ' v
ddu  (Unagniledaeaziisnaliannsananoy
2 c' =Y =
wa)  hnmaefignlelauniiegauuidy
A <4 s asr
@andszna 172 o, (Yandenaamilbiliy
Wudn 1 90) wld 3 99
J Y = W
1.4 weannhnavugnUalosdaw
11 o 4 o
uaeamurLratereanras H fwsanliuss
@ ° ¥ gu A r=
Nnda 1.1 Wisuliiudn 2 ehivae
1.5 negnihlasdrim 3 uuwy
e ldhanyaunsaagnUasedd
= & -
1.6 veenmeuaaiy  usuues
l:! =4 ¥ W k3
areanzay H fwssulinnds 1.1 wnes ay
lasunuiu wandasau degd 1a



154 ysmsmemnans vu. U725 aifuil 2 wneu-iguies 2540 B ineeang

0
H 110 A
1095°

iy
H/

H

H
|

H =eee C =—H CH
|
H
C

a b d

o =

o . 2 g, - .
sUf 1 a) (uluesviassvesimuimldluszuy 3 88 Syt 109.5° b)
doulviaglugas C uaz H Tuszuy 3 36 Tysuiy 109.5° ¢) dauldaglusvvay C
An a PR | ' 9 ) e P o

uaz H Tuszuy 2 46 dwudlu 90° (Gelsignaas umidaenuazainiveylauTvideuld

Tassawnlatyulailu 90°) waz o) ugasluanauvulvuanslaseas

2. a1sassluaadIassradiny (CH_-CH,)
g5 nlasiasarag ~CH, YD 1.1-1.5 371U 2 DU WS NUTDNAIBAIUNAFR NG
2.5 7. awlazusnasgy 2a

0 i § H H
154 A J i 1095° 4]
NS H—C—C—H  CH,CH,
H 2 | |
i H oW
a b c d

5 o =t . PP -
Ui 2 a) (Hulesnssveesdimuimidlussyy 3 46 Jymiy 109.5° b)
doulvagluges ¢ uaz H Tuszuy 3 36 dyudlu 109.5° ¢) daulvaglugiues C
aan o = ° = 7 4 ;o = & = »
uss H luszuu 2 86 Ayt 90" (Gelsignday ummaanuasainivaylaulviidols
Ingdpanlanyslaiily 90°) wae d) dugnsluanadimuuvyluuaaslaseasie




T e LA G e

3. msasslutnadiassgataniau
(CH2=CH2)

3.1 i@SpNpraaNyay H WIauwuyl
wilaute 1.1 MU 4 DU

3.2 wSguazaanyay C  (sp) 1%
Fanfedawanda 1.2 ndpusauidusiy
audnanwesgnadaddduldnmyavudu
dhuguinanuasgnihuasazld 3 90 iy
wenfuiugnihlasddudn 1 gn

nsensmeenans vy, 1025 aui 2 wnou-lguou 2540

155

3.3 wigwnusyg  lembiurine
2.2 oy, feannuszauiu
3.4 vgaMIvuUgeraegniayasdduy
a ar |¢=; =4 k- @ kS o
1 90 fewuszaiiwmienld nds 3.3 wanh
ndsznufuaauuszaauees C nesewlily
79 3.2 130
d‘ b= 4} kd
3.5 MEANNUUIATIWMED  (Haweme
armanzes H fwdsuliannds 3.1 fiazge
selasunuliumumbsunuunuasgui 3a

121°

W R

]
133 A

a b

H * H
\C=?/C/ 21180
Ny

H—C== C—H H,C=CH,
H H CH,=CH,
C d

=5 I~ ° P aa = g e

sUfi 3 a) ulumaneasevendunmloluszuy 3 30 pv9inyueeiy

Liwnn sasiulumsasluaaieaed aulaaTiifluys 120 ° vanwa b) daulvagly

stlyas C waz H luszuy 3 46 uaavyn 1217 uae 118° ¢) deuliaglugivey C uae
aa o = o = [ 14 ¢ = ¥ =

H Tussuy 2 86 Ayt 90 (Felsignday undaanuazainivaylanliifouldlng

¥ 4 7 (= o =1 as i oy

s eyt 907 waz @) hugasluanauvvuaasiussazausiay

4. msaelaavisasuaIasiau
(HC=CH)
4.1 (95aNDeRaNYB HWSDNUUY 0NN
279 1.1 MY 2 DY
4.2 1@SHUAALTDNYIILYINFUNIY
2 o Y o f - o
Audnapasgnivlasdduudiuvenielagld
thamaauuFantiisutudu 2 dweh 9 Ay
= o =
4.3 @saupzaaNysd C (sp) Winan

v o 3 o =Y ~5 W o
WsoNssUEUrugudnannaslsUasdaw 1

a = & P o
thnmyauugntlasngamaas (ahidanae
ar YV oas [~ = v o ¥
mdiiududn 1 99) aeld 2 auuduru
Audnanieegaseinany  Midudsduny
anteiasddudn 1 gn

4.4 (@SeuNuszaIN A UL
2 %y, 3 3Y HANNUSENUNY

4.5 veannuugnalasddy 1 90
=% 9 ke = cx = @ 9 @ ©
famsmunaadniesexlInnta 4.4 udnh

indsznunugnieUasidudngnimiasls



156

4.6 NEANIVUIANINAD BANAE
C} =5 9 ¥ k2 3
azmanwas H fwseubiands 4.1 asldsusn
ar -
Wuduaseaazun 4a

yrmsInemaas wu. 1025 Al 2 weeu-iguen 2540

LENTNI IR

P 5 az =l o _~a ) 9
U7 4 a) (dulunadisaswevoze@duimidlussuy 3 47 b) deulvagly
staas C uay H Tuszuy 3 {6 usaeys 180° o) douliagluzvnes C uar H lussuy

2 46 ugmawuszan usr d) (ugesluansyavessGay

HC=CH C.H

WissnnitannevansUssnsiuies
aneiiaseil Tededynuasiusslugneaeuy

=1 o [=3 ¥ (=3 s
wvouwidauluaadisagl  adlsionuds
aansoldidudiadlelussduGuay i

v v = L%

yalszaed it lamsigsugasiaseaieges
dsdunddlaadigndss  wananfinism
Tueanaastasuiiugligrnnlddszand
o o a PPN B
asnlutaasnaowasansdsenaudunsdauni
TassasnFudouy wnmuledldasenualil
=S = ° = Y g 9
dadofiulaq nynuusnhlesdedediaula
Taoass  tagdsdudSudylviilseloudun

i a s
e nandusunaasssndasly

[} ar L % LT
nounnduralszmduius Midauls
NNAN TG Thedgauns UM aannllsunsy
o g A o A
§15931 5og TOOLLAB #ilaauslluadun

@ o o s P o
udy  veildsunsudiGagutesmsisenioss
Usznaudunsd  levniasauds  seszidua
ngnndamnlunsmsineimans wy. adty

gall



Qs = % as P g as 7
ﬁ'@ﬁ@ﬂ?ﬂ@éﬁ%ﬁ@ﬁﬂ%%%ﬁ?@@ﬁﬁgﬂ aniy

(a7

atvilasdnrafasdelumesmmuzaniud
walumsitlelamauenanaisuananuiad

saulagneaas  @dusmelamnazuansiedis  2aly

a9 3U 9 demaauasnTuiuas wazavuimn

wsaunulauzasu Memnldnsiawas q aSusival

ALIDAINDUIUDITULF DUAULIBULLASY

2
o o o = =3 %

AN UMD IURUUTHI

4 %

19 1. gNEIURNBIENNSTRITInIaLaY
famwihgtalathe

9/ o

18 2. Wsuduniudaeasls

Su g demeavvinsasy mely 30 dueney

2540 d4iy

_nBwmnndms nsmnedmans vy,

- Lo e
wgeRdsigal (eesuiifisnia)

dninoueud  anzdvmeans
AUZINENAERS  NVTINENSYUBULAY

gunalas Tviaueuuny 40002

waldamgdiunnriiuluag G215

N ]

J




]

~

NBHIVYIIYIIUUNY

Y




%j@E%%gi)zﬁ%ﬂﬁﬁ%J%iﬁ’lﬁ?']%éﬁ@?ﬁﬁ'\% %ﬂ@ﬁ'\ﬁ@% .

& A eme 4
drzianuausesiosanun
a Y v o P T e A o .
1 seuEadfTaLaz AT anisgnman e lliagRRN TN ran suTeuilsdan Ui iau
2. umasuavAd IEuinudsuiisunuvie fouiFasminenanssemiadasig o INemsuniuas
HurlarududsinieseAusng 7

u

3 unarnuuansdeaamusadalausuusmidulszloniludwdsinie Seuda  dedanas

] = o = or <H =1
dapruannaUAdetamlde ludniraula

slivesmsBeuezmamisuduaiiy

1 fuay  desfludfiasited  DdasvinsszazuseiamininaIge Ruviaslunszanmann A4
Tsilandu Tnsldnszanmminiien aane iy 10 wih dafuaiiu 2 ya viedualdufam 1 g0 uag
Diskette W0IUNANUITS

2. fuaify  AzgniansanlasnesusTunanng wazaznaviunsldfuumasulnglidesiuarivau
ﬁﬁﬂumi%@mmmeulf;Lﬂumnﬁmﬂummm 1 ey

3. suatiu Ax mmmmmmmmm‘lumum@m uazn1s N1 mmmmmmumm’“lugmmu
w?auw’a“mmmwmw’lm

4. ‘nﬂLTﬂ\‘i Wl nunevidanedange Theniul LazwanAsansldmdelng g

5, maumm Lwﬂum@nwﬂmm@mm@mquiﬂmmu@ﬂ@muwmmﬂmmmu

6 Iiai3aq lﬂﬂmmﬂwm‘lmmumammmnqwmu f e lne ma:r’mnqw‘lmﬂunumm
‘lmﬁuluwmmmLLﬂ@LﬂuTwﬂmwmzmimLL@{L'Mmﬂummumﬂu"lmamu nsRLANINEIEan
naeatan1sdauiiaznaniiuslunm ne ldEmuuuumaiudnoani

5 lunsdlusamamddy  dodhundadetentineuazanndingy  uazuuiiomzeamanu
Wuomi 33auiluend nanisaeszd unasuagiansnd

8. 1Haas9n  (footnote) Vann=iandudiaaenielimoasiaaiudEniilaamaniznouly
LA “ﬁ'ﬂﬂQ’WEJ‘ﬁ‘S’WL‘]qu::ﬁifﬂdflL%dﬂ?iﬂim‘ﬁm%ﬂd%m’mﬂﬂﬂ‘%’u (*) Anuving

9. PYazNIwLIzNay ﬁ'wmimﬂﬂiznaummu‘?@mwﬂizn@umm:z%uua:«immu i
Al nwenn - o0 anallanfa awidauanaduasTausaaniinn nwiToudestaauLay
S AR ey

10, ONANTE19BY WIRLSIUUNGH FUumUILLTiNIaNs A iuun

§ v o A
FIRUQUVNIN
ABIUSILTEMSSEISINDIAIERS WY,

a s a o |
ALZANEIFIEAS NUTINgeYauLtnw 40002

pATumNMsS IS uiven
Geanlasunnsinud g Fouarlifunsasaiinfy 2 6y wazdunfin®@n 15 g0




NS EBONEITD1BI WSS INGEERT N,

= Yy a & o Vg ¥ N Y
ﬂ—lﬁfﬂjﬂuL@ﬂﬁ?i@qqﬁﬁiulu@ﬁjuu 11’71%551&}‘”3JWHR@WL&UU1NQ1HQ@Q@T@U

‘
5

o
@ = 4 o K 1 =
§1801T (order system) PITAIUOARITONDIRDUMIBUNANUIY W ldmmwizEunlms

De

1
[

LY ¥ Y :i‘ ' 5 = ° Y = = =t o
m@‘lmaﬂumammmu Tﬁmiammm@mmawaﬂuuwmm WHHINNMINVIUAIU

ar A3
1. wusae
n. nwlng
4 o Yo = A a2 i A o oo 4 Aa o
¥od1 wwanavewduas. (avll wA) Fowueme. aud). (Wwwadel). Weshwu .
a7 R N ¢ 2y i a
Tsafiust wSodnindiud. wanthidudv-mamigaiendeds.

V. MYIBINOH

@ =

& Y 4 = 4 oo DA A e d 4 .
FOUNA, DNYIUOUOAU. CNYIHOBOION. 8%l A7), FEIHHITD. (auh). (uviaTah). 1U0g

aa s ¢ AN o w a ¥ a2 W ¥ Y Ay A
NWUW I“N‘Wiﬂ’\! NIOTTUNNUWLN. mwummu-mwmqﬂmwmqam

2. BNEITIYENs
4 ' = & 4 A A w 24 P B S |
VO UIYITIHOT. (mﬁlﬂ VLE. YMI0 ALAL). YOIIDY BRUHITGD. UoInwuwn ¢ 15anun ¥3a

o w A o
FIUNWUN.

3. 1EEOS
A e
A o 41, 5 4 4 | o 4 v
FOAT UILEANAUDIHUA. @Al W), Founani. F8IVIHIT. wun @Uun) ¢ @uni
S o o Y
SUAU-BTHEIEAN.

Y. MEIBINgY

5 '
4

P o - o s A =t ) A =
%@ﬁf}ﬁ? DAHIEDYDSOU. DNHTURBYDTOL. (m‘l}‘ﬂ A6, FOUNANY., FOIVIFIT. oun

@ = a 9
@) . wwnthiSudu-aavthgane.

HIEH0)
Al ¥ oA ¢ & = o ¥ 9 ¥
1. ASAUVIUMISNE IO NSIINUYRIDU T UBRIWUDIINNNIHHAY AT 1FU i}aﬁﬁ',
o A A 9 Y =t Yy 5
UUITIWUN 2104 %‘WfJﬁViaﬂﬂ“ﬂﬁ!ﬁi}SHQTNHUEMT\?@HT@H@%]iﬁfﬂ
s Y & o W a @ Ya o FER |
2. ﬂmmmﬁjau 2 Y8 36U IWA%HHQWEJQL‘UU%@@@WHH@M&Hﬂ URIVIRUATIY ey %I

13 93 v 4 9t =1 = @ o
and ?mwqumeﬂummmmmm"@m HINTHIRINO PN IAY

PR Py [ dyk q a1 9 1 te 36 33 A4
3. nsallid@sunnnn 3 audull Widimmzduasreusauazldimn “wazauz” wie
“er. a.” Tunsdiveeni lng wienimsenguamuaIAl
v P Y oA 1 v aa & Y = i Yoo 1
4. duenmisigndredeedluszuindnud  MWusnswazideamnnigauas lyiii
13 $ al 33 2 56 59 =1 i) 2 ar o w
seunaanun” 13 “in press’ lunsdlvesnwing wiemmdanguauany lag
¥

< a o
Nzam@ﬁ’mzanmiéjwmuu










	ปก
	สารบัญ
	บรรณาธิการแถลง
	คำบรรยายภาพปกหน้า
	คำบรรยายภาพปกหลัง
	DRAM ขนาด 1Gbit อันแรกของโลก
	ตัวเก็บแสง
	การออกกำลังกายให้ผลดีได้อย่างไร
	สถิติที่น่าสนใจของประเทศไทย
	สัมภาษณ์พิเศษ หัวหน้าอุทยานแห่งชาติ ภูกระดึง
	เคมีกับถุงลมนิรภัย
	การใส่โค้ด DX บนกลักฟิล์ม 35 มม.
	การสำรวจนกบริเวณเขตห้ามล่าสัตว์ป่าหนองแวง อ.คอนสวรรค์ จ.ชัยภูมิ
	Ethanol Decomposition Over Lanthana-Modified Platinum Catalysts
	การศึกษาเปรียบเทียบการสุ่มตัวอย่างแบบมีระบบ 3 วิธี : การสุ่มตัวอย่างแบบมีระบบชนิดวงกลม การสุ่มตัวอย่าง      แบบมีระบบชนิดใหม่        และการสุ่มตัวอย่าง         แบบมีระบบชนิดสองเชิง   เส้น
	Mathematica ระบบสำหรับคำนวณทางคณิตศาสตร์ โดยคอมพิวเตอร์ (ตอน 4)
	เมรัย เหล้าไทยที่กำลังจะหายไปกับความเจริญ
	การทำโมเดลจำลองรูปร่างโมเลกุลสารประกอบไฮโดรคาร์บอน
	คอลัมน์นี้มีรางวัล
	ข้อแนะนำในการเขียนบทความลงวารสาร วิทยาศาสตร์ มข.
	การเขียนเอกสารอ้างอิงในวารสารวิทยาศาสตร์ มข.

