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Summary

This study was conducted to establish the analytical method of
organic matters in so0il by microwave heating. This method was
compared with some other methods being used such as Tyurin method,
Walkley & Black method, wet oxidation-redox titration method and
Duma’s method, by investigating the factors related to heating

time and temperature,

1. The more numbers of flasks in microwave oven, the more time
needed to get the oxidation temperature, The titer for blank
sample was decreased as the sample temperature exceeded the

oxidation temperature, indicating that the oxidant is decomposed,

2. When the organic matter content of glucose was measured, the
heating time varied with the number of flasks placed in microwave
oven, It took 3 minutes with 2 flasks and 8 minutes with 7 flasks,

the heating time being increased with increment of flask number.

3. Eight minutes of heating time was enough for analyzing soil

organic matters when seven flasks were used,

4. The temperature differences depending on the location of
microwave oven and hot plate were examined using blank samples. It
was found that the standard deviation(SD=3.05) from the
microwave heating method was lower than that (SD=6.96) from the

hot plate method,



5. The microwave heating method proved to be superior to the
other methods being used until now in aspect of accuracy and
precision. Furthermore it was shown that this method could save

electric power, chemical reagents and analyzing time.
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I. A&

T

B $71BE 4 §4 U 299, A8y @719 AR, dx, A4
5 U 9Re 33E, B¢ F2Y W34, AU4Y 314 5 =9
o Y3, E3 F4o Fay %L olArhi(Valkley F, 1934;
Graham, 1948; Tinsley, 1952: Allison, 1960),

gt oz {IES Y, AL, AEZeA HAE 53 F2& 49 2
o] TR W] &E EAFEo] I ¥} 24S& UEhI] UEY] dE
AR O B Co(H0)d] FZA2E LElYZ /718 F 54U &3
o 2 Fteol A8 HrE JAA RIIE UFLE BUSI Yo &
HAY 3 24 gl 2PARE EMA iy ¥ =] glo]
gkcl(A.J. Metson &, 1979).

Eofe] fU1et4A EANYols A A4y AHYHeR Us 4
art, #71EL ®HYg: W UPY Co.EF A dLWy
(Allison,1969)2 A A A9 FAHAE Lot AN dioE= o
FEel F7) Ex ALE FEHINA ANEE YA F YA S (tube
furnace)¥ 2 1 ot 12 @ UAAA AEF elfE 257
% ¥ 3 & (high-frequency furnace)®®o] <elt}(VWalkley &, 1934:
Robertson % ,1935: Allison,1960). o]&} & ZAAww.e 7F|&8 £7]
T SAYA e BRY A8 AEDAE 294 4 o Bl
gHsioie Aol A, 17ty w7t 27 FHW EG AR ZAY
& 1= ¥ 7l Hasickes FH(Metson &, 1979
Bremner 5, 1984)3 A% o & T widd HYPEol d¥E& U/ 4
The o]l gt FAd4dds A FIFAAA(60:40) EUAE
o|-&3t= WP Van Slyke-Folch Alek& o] &3l WY T (Walkley
%, 1934, Allison, 1960; Robertsons %: Hans, 1971)¢] qld, Z4]
A2EI o7l g A2 Fo EAj8ts B9 Frgt4ar RI1E
A FAol FFHER FY ol wolA 37t Arul.

TH AP E EGR1EY BU"H 2AY Zdd AgHAA A



galle] Avjekzl AAE AAL BUHeA oo dos Ry A4l
o] 2t} (Walkley 5, 1934; Nelson 5, 1982), 2tzhdels R A o]
£33t 23 HAHFAE o] &l o b, R EE o &3t Wi
= Tyurin¥(Tyurin, 1931), wet oxidation-redox titration %
(Nelson %, 1982)0] sledl EX {74 E AYL Hako g8 Fu
H ZAAM AEY AHAQ KCr0,2 A3A 7|, 22 AAY
2R Bragtate AU 1.724 F, EGRA 22 graytatu g
FA HA 9 oo sl wyoltt. graAtde] ARY A3 4L
of= WHoE 49 HHIYPYL 23 gded AR Taggd el
KoCro0-8  7ZFslA ¥bgA]zl ©hg ek Klr0g HHAY
(NH¢)2S0FeS0, 8 2 3 8lo] B9 Abdle] AXH KClr0FE €A H=
o] AL dFo AtyBAGolr), I Wk oty A Ll

A 1A ¢ 200, + 3¢° + 16HY = 4Cr® + 3C0; + 8H0
A 2%bA ¢ Cro0:% + 6Fe? + 14H" = 2¢r™ + 6Fe™ + TH:0

o] Wi e AT dutAow 90~100% H¢ o]t (Tyurin, 1935:
Tinsley, 1950). L2u} hot plate?] $Xof ule} 7l 2= HFLst
7] W& ANZE7 E8AsA Yt W@l gith

BMEd& o]&3te WY F thEHQ WHLE Walkley & Black Y
(Valkleys,1935)0] d&d o] UYL £8§4 FIAE4A ¥4y Y
g MEH HMEE BEY Rl S4£E A= Aoty I 4HH
AEE 70~75% A Xo|t}(Walkley T, 1935). o] W& ¥ 48] 63~
9322 H|ZA 3 dAR FEe= grAHo] lri(Browning, 1939:
Allison, 1960),

Microwave oven< NI ERo|2lE 25 WAAANF o] &3l AR
2 F B2y #3atel 2E&nE LAAA AV 344 WS d4FL
2 HjRo] o] o £x7te] FE3Ie nhEde] FUEH 1dEHE deld
o, % EE& o] &Y microwave energy WYL %3] VIS EE Ue



A 4 olg B9 oilel U3t FUY JERA FLE A &
23t 4 Jld EFE ALEEY H £ Uiz AlEEo & Ayl Y
st et

ety & HdEe FIL J1EANY AREIIfd @©E BEEA I
EQANEY Rrvawde] BAE AEG A JtE A0 Fae
EE Yoluizn, 71&EY /718 &3HA Tyurin ¥, VWalkley & Black
¥, wet oxidation-redox titration ¥, Dumas "8 F7|1 5 H¢ok By
X & Hlaste], microwave MU o€ Y EY RIE £4¥YE ¥
st glch
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1. ¥&A 8

EEAREHN o83 d H[H7IvtA ko] 39,6%¢ glucose(Fluka
AG., 99.0%)5 A-&8t9ict,

2, EYAE

Microwave oven& o|&% B¢ /718 FHZRA(YL, 71947
H e A8 AEE A%t T Yy ESE A - EMled B
B3A EQ AR 50008 AMRNAH #71&E $Fol wel 5% o] 31,
10~15%, 20%0]4¢l E4E 27 2044 A dsted T £ ops
3 0.15mmM & FHAA 40ColAM 4827 A= ¥ A8 o] &34
th, 2gla, 718 &4 WY B RIIE UP FHANE w2
#5te] AF=d ZFz2] ES 1228 At 0.15mN 2 A ¥ 4
0ColA 48217 ARAA AEE o] &slqr],

3. Microwave oveng ©|-&%¥ E¢ {7 & E4=27H HY

7t FAIREY ARZANEIITo ML 23

0.4N KiCr:07 § & 20me 22 A& E3] €718 2ol EE 7
A7t2] £2H 2 E microwave oven(th-$, KOR-81AK, KOREA)o| 4
2 ¥ 13dA 13E7HA 71EEld g 2EE 42254
(FISHER, 14-985B, USA)E &R 3stgix, 4tyg&de Hij o2 §
&7] 2181 A 0.2N Fe(NHi)2(S04)2 + 6H02 At3} - Bl HA & Al A 5}
At



U ARE2Ngreot Ay BA

&4 glucosed 0.0505~0.0549g 25}l 0.4N KiLr0, &
dg 20w A2 AR EI BINE 2700AM A AGUE
microwave oveno] Y3 1go]MRE 138717 71E3te] o &%
= £LEEAEZE &A%, 0.2N Fe(NHy)2(504)2 » 6H02 A Y
F RADTLEFE AAdst] FEY 7t A L& Falr),

vl B AR ZtEA T A2A

B gL f71F ¥l 5%0]3td F§ 0.42g, 10~15%d 7
F 0.28g, 20%0]3d %9 0.15g2 st of7]ol 0.4N K:Crz0;
Ldg 20m - AR B3 &7 771§ microwave oveno] Y3 1
ol 5 138712 719 ¥ 0.2N Fe(NHy)2(S0)z * 6H02 A A%
F F7EETES At ERLE NIECRE 3]

1 A 9Ad BE R71B SR AY

1123|4567 @@@

8 | 9 |10/|11 1213/ 14 @ @
15|16 |17 |18 |19 |20 |21 @@

{ Hot plate > { Microwave oven >

Fig. 1. Sample position on the hot plate and the microwave oven.
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Fig. 12} Zre] wmicrowave ovenol 0.4N K Cr:0; £ 9-& 20m¢ 2%
AlZ2EEE7 TAHE Y2 8ET 1E ¥ F 922 FAsiar
%3 hot plate(CHANG SHIN, C-PH, KOREA) #lx|of uwia} 2178 2]
ELHEINE S ¥ 58 Fo 458 Fol EH2E g 4L
& FEEEAZ {35t wmstacl.

U Jtdi el mE AR #2d BEY RV1E 33 va

Fig. 12} Zo] microwave oveng o] 2%t =¥ eo = KiCri0, &
o 20 E AE Az E7] 7] BEYARE WYL, 8L 1Y
o] R71E ¥FE FAMAL, Tyuringold& hot plate 93|
of ulel KLri0r &9 20mE A2 A RE2E7] 21700 ESAE
& 43 200TelA 58T #9Ad RIIE UF¥E FYsed,
wet oxidation-redox titrationoflAd& hot plate $ 2 o] u}la}
KiCr:0; ¢ 20mLE 2|¥ A RE3-E7] 2170 EFAEE Y2
150Coll M 4583 7tgste] /71 €& &A3tdct. olnf Z
#1218 WNE3es WROZE YT

5. Microwave oven ®WH{ 3} 7]&ubhy o) w1
H. RE #4
7€ ¥l tlE ES AR 123 & 3WHE 2R Table 13 2
< ZXAL® microwave ¥, wet oxidation-redox titration 3,

Tyurin ¥, Walkley & Black ¥, Dumas ‘J 2.2 & A5l w2 ste
t},



Table 1, Analytical conditions of the five different methods,

Wet oxidation - Walkley &

Microwave Tyurin Dumas
redox titration Black
Heating . Heat-of-dilut Oxygen
Microwave Hot plate Hot plate .
method ion gas
Digestion
0,4N KzCl"zO7 0.4N KgCr‘gO7 0 4N KzCP207 IN KzCI‘zO7 -
reagent
. . 0.2N 0.2N 0.2N 0.5N
Titration
reagent Fe(NHq)2(S04)2 Fe(NHy)2(S0.);  Fe(NH;)2(S04)2 Fe(NH,)2(S04): -
8 . 6H0 . 6H,0 - 6H0 - 6H0
Heating
. 8min, Smin. 45min, 30min, 5-10 sec,
time
Max i mum
130 200 150 80 1200
temp, (T)

U EGA R A ¥ RAE T &3

Dumas ol A E¢ F¢ ©ad I8 AASY AN RIE

3aro] I A vl EUAE 480 s 0.IN B=

IN HC1E& # 7}

3t} 100TColA 1412 A= 71 £ Yzl o] QAR
(FISONS, EA1108, ITALY)® %4 $=rg ZAsiddr).

6. ZA

I

EQ A& 1008 e
AHLET, AGL22Y, 7

st 7188 EHY o 20¥E

AL 5& Hladgc
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1. Microwave oveng& ©| €% E¢ {718 2427 #7

7}. Microwave oven? ¢ &

Microwave ovend %3z} ¥d g A7 AEo Y FH/EY
2l & o€l 7tdste FRojtt. KA 7 nfa EE 2l

AFIpg A Bol A 2450MHze] AAFIE YAPAFE ARl #
F2p7F 1220 249 5HALYH HASA HI olu) Y npgdo] YA
A Hed o gel &3t AR Ztd™ctes Aot 2n B
AEZ ANYLE BN, & F40lAY 1 HEL F43tn
AATZE AHAE 23 W FIFoR EREH 22 ¢ F F
AL THE U & 2 2AUINE w1 e BA AIA
oY A HPE V1A BAE FHNT UE
1}%*91 FANE W FES 38 Y1, 2HHE W 2
& ¥ate] FEsA Hch, olul A2 H¥o] uige ¢
A Hol e ExEE A7|9 Wgg wal HAde A
A HH o] ol EAEZHE] o] dojut @o] WS A Hcl,
utetA Hd71e] $¥E 4o uiio] FH ol de] F71814
28] A o] 7tdEHE Holrt.

e ¥ 1o

o oM g o A
oof ML 9 o AL ui
;o

rcl

E

&

LA

Fig. 2. Structure of the microwave oven and magnetron tube,
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Fig. 3 Effect of the number of sampie vessels and the heating

time on blank titer and the solution temperature,



Fig. 3& AlE &7 71dA ol ME FARY Agaral Lo
oA Y FF U Aol

FARL HFAE NEANTE UR FUHAFIE FA LR Ee S
Hol3 gled] ol FANE 59 Cr0 " 8o] BEFo Ay HA
o] A% F97] wEolatn ALEHCTH( Metson &, 1979).

EY A2 €747 wWoldel uwiel 71E A ALE HA golzlo
v FARY AT BAastr] AEAE AHY 422 £747 24
e 3F 0ol 162T 7 B whdE 7dulE 876l AAHA 138Co] o]2A F
o] o] w2 ExolM FAE AP FAFI] AlAYUCT. ol 7td A
Zto] ZojH o BN AEJ U2 HA2E ¢ 7] dFU FLe=E Al
Hrl.
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150 5
7 -
'6’3 1m§
o [
M 0 &
k7] 0
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Heating timerrin)
5 erfermeyer flasks
40 200
el = g
| \E
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‘g o c
Al = 0 §
k] 0
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Q0 200
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5% 100 §
o £
k71 V]
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—- Organic carbon (%) —HEll— Solution temperature(T)

Fig. 4. Effect of the number of sample vessels and the heating time
on measurement of organic carbon of glucose and the solution

temperature,
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Fig. 4t A E&7I42 71@Ate] E2EHY R7IGLHHAYG 92
of mat 9%E Uetd 2ot

FAIRSE F2ot npAIIAE JtE At upE 2y FIHES AlRY
|7t F13tel whel WolA R, 7tdA e Frte mE &4 H /7
2P §71¢ A& o Hop BE o, Hrp 52 oM R 1
ol Z4E7 AlFstdr). olAH B AR &7)¢el uwel s1d A
ol t2A L7H =, 27, 34, 4, 5A, 67, 7A YUE o
ztz} 38, 4€, 52, 7TE, 8%, 8&o FHBY AR AEHrt. Iz
2 AHolA A1-8¥ nicrowave oven 2] 7lE %52 tIF ZAfde HA
ZHEAIZIE Aol¥ ez Azt
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zh. ZtEAz BEQ R71E FFA %Y A

Table 2= AlE El&7] 74& A& wl 7HEA LY EG F18
e BAE UEld ALEZH RIE ol FAGC] ZFEAN2
B4R StdR7)ele ERA 3o 3 FIE ¥R EA E£4=H
ded 7tE Aol 8~-108 o wl, FIIEHTO] AL EokolM 4.14~
4.17%, 7188 F] 31U Bl 11.98~12.01%, 71 EHYo] &
2 EofollA 22.20~22.87%2 A4 #7718 eo] HXE LielWz, I
o|F ZAEE A¥EL Holi gl uwhelM microwave ovend ©]-&3}o
E} f71F #4944 71EA & 8B LR Ft= Aol Frtx Mzdc o
b, 8Eolgle 718 A2 BE microwave ovend]] HLE X o] ol
A 71718 sl wel dF S EYEE JtEAo] T2 o
ojo thyt AtA ofu] H¥ol Yasdici QAT

Table 2. Relations between the heating time and the measurement

on organic matter in soil samples.

sample content of organic matter

Low Medium High

{pe Aver, (%) S.D. Aver, (%) S.D. Aver, (%) S.D.

2.93 0.02 8.73 0.08 16.8 0.43
3.32 0.02 9.66 0.02 18.8 0.11
3.57 0.04 10.4 0.09 20.0 0.31
3.77 0.00 10,7 0.23 20,7 0.12
3.77 0.01 11.1 0.13 21.3 0.43
3.93 0.12 11.3 0.03 21.9 0.64
4.14 0.07 12.0 0.11 22.2 0.06
4.17 0.05 12.0 0.02 22.7 0.25
4.15 0.03 12,0 0.01 22.9 0.24
3.78 1.59 11,5 1.48 22.0 1.38
3.61 1.69 1.0 1.71 20.1 1.59

e D o ~NOWL R W

- 13 -



2. AR $1Ao W RIE FH W

7b. B Al Eef ¥ hot platef} microwave ovenol A 8] A] 8 ¢] 2] o
ot e Wy

Fig. 5= FA|&E0] cti¥ hot plate} microwave ovenol A 8] A&
Ao wE A2 HHE ElA Zojrt. hot plater 7ld2%
o] mpa} &x o] M7t 7] 2 1}(wet oxidation-redox titrationy &
6.96, Tyurin]2 7.67) microwave ovend] ZALL EEH271 3,05
2 of$ Hgrl o] microwave oveno| turn tableo] 2&]3jA ¥ A
HAM FdstA 71dE7] affol @4 Ex Hol ZY AE hot
platec] ul3f ¢ixje] wl& T=HA7 H2 Aoz aAtgHr)
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B Solution Temp.(*¢) M Surface temp.(C)

Fig. 6. Variations of solution temperature depending on blank

sample position when heated by hot plate or microwave oven,
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v, EYARo] tfyt hot plate?} microwave ovenol 4 2] Al & ¢] 2| o
oE f71E &3 8y

EoA 8o ti¥ hot plate} microwave ovenoll A 8] 2o AR
#xel wE FrE €% HHE velhd Hojti(Table 3). Wet
oxidation-redox titration ¥, Tyurin¥] 2} microwave® ZIlo] & 2z}
ol it microwave o] Rt} W REHA e R4y of
ol Hriieg Hot UL {7F EMPEU AL ALRHC)

_16_



Table 3. Variations of organic matter values depending on the
sample position as determined by Tyurin method, wet

oxidation - redox titration and microwave,

ethod Wet oxidation-redox Tyurin Microwave
Position titration(%) (%) (%)

1 22.4 20.9 23.4
2 23.4 224 23.2
3 23.4 22.8 23.6
4 24.2 22.8 23.4
5 23.6 22.6 23.4
6 23,9 22. 4 23.2
7 23.0 21.4 23.2
8 22.9 21.3
9 23.2 21.9
10 23.3 22.6
11 23.8 22.6
12 23.6 22.6
13 23.4 22.2
14 22.7 21.3
15 22,2 20.2
16 22.6 21.6
17 23,2 21.7
18 23.4 22.2
19 23.6 22.6
20 23.0 21.9
o 22.8 20.9
Aver. (%) 23.2 21.9 23.3
s.D. 0.50 0.72 0.13

- 17 -



3. Microwave oven®} 2} 7| & W] vl

7. mi=le] EQ 2B iy §71E E4UTY FEA vla

Table 4+= ulzlg EYARE 12HE nicrowave®, wet
oxidation-redox titration®, Tyurin®, Walkley & Black¥}
Dumas® ol ulz} F71 58S FA5le v|2 g AL 2 A, microwave
8} wet oxidation-redox titration HelA = W& ¥ /RINE T
Ry, TyuringolAe thd & Z3E, Valkley & BlackH ol A
= Thd ¥ Z8E Eded TyurinddMe |I71EHR] 17% ©]
GO §po] Wold AR 527 JtdA L] FEHI| wio Al

Hgol A dojuR] Rt w2 k& velda ¥HA Walkley
& Black oM dEHLE JFiF& VALY Zto] £3AY
i EE &FFX/ ATLAE AA He Zoz AEHUL
Dumas*y = E} W ET fI7]§HY] 52 Ho|gded, H3] ci&
WM f71E BHol 2 AV B AR 1,2,3,4,5MY B¢
o= wlf &A uUEelkth ol B A3y (u)dM AE"Huls}
o] B¢ R7IE0lY tE R etaFol YT & L2 ARE
T ¥, EFHAHS microwaverjo] E} W BTl WA Wold FHY
g AH=E7 AYd wsir

-18 -



Table 4. The content of organic matter in soil determined by five

different methods,

Mi vet oxidation - Tyuri Valkley & D
icrowave urin umas
Method redox titration Y Black

Sampl
number\ |0.M, (%) S.D, |0.M.{%¥) S.D, |OM (%) S.D. |OM (%) S.D, |0O.M. (%) S.D.

1 1.84 0.07) 1.75 0.14 | 1.81 0.05| 2,14 0.09] 18.2 0,12

2 4,69 0,11| 4,59 0,15 | 4,8 0.13 | 6,38 0.41| 19.4 018

3 10.8 0.25| 10.6 0,22 | 10.1 0.16 | 12,9 0.30| 182 0,21
4 11.5 0.16| 11.8 0.22 | 11.3 0,27 | 14.5 0,05 20.3 0.08
5 14,2 0.12| 14.2 0.57 | 13.6 0.21{ 17,2 0.45| 21.3 0.08
6 16.0 0.12] 17.1 0.39 | 16,0 0,22 | 16.5 1.46| 20.3 0.06
7 17.4 0.24| 18.0 0.27 | 17.0 0.19( 18.7 0,59 | 21.3 0.18

8 17,5 0.14| 18.6 015 | 17.5 0.17 | 17.2 1.40| 22.2 0.23

9 17,7 0,040 18.1 032 | 169 0,22 20,3 0.18) 22.0 0.13

10 19.2 0.09| 20.4 0,20 | 183 0.50 | 22,9 1.88| 30.8 0.24

11 21,3 0,32 21.1 0.19 | 20.3 0.13| 25.8 1,37 | 25.9 0.16

12 23.2 0.13| 24.1 022 | 21,9 0.26| 23.7 1,09| 28.1 0.11

- 19 -



U EGA R AN ¥ fU1E ¥ &7

Table 5% Eorx| &6 0,IN =} IN HCIE 0.03mé&} 0.06me%] A 2] 3}
o YAEMNE £M% Aol DumasY& ol &8¢ B¢ {K/E &
BA AsgEct Hay g2 /A7 UFE Rdcsd olv EG Y
2] carbonate AEY HYEE wjFolzla RIAE 2 gt}(Metson &,
1979). wetAq AtAele] &3] B9k fY wBald AFY HYEL A
A%t G718 $RE SASe] R nicrowaverel] 2% FA X gL
24 v A Uetla, BEY Fo SAstes ©HAEY ol el
AHg =9} H7igo] FAES oo & o2 AL

Table 5. Determination of soil organic matter after acid-treatment

with 0.1N and 1N HCI. (%)

Method Dumas

Non- addition of 0.1 N HCl addition of IN HC1 Microwave

Sample  treatment g g3, 0.06m¢  0.03m¢  0.06m¢

1 18.2 17.1 17.2 11.1 4.7 1.8
2 19.4 18.8 18.5 12.1 5.8 4.7
3 18.2 16.6 17.0 12.8 12.0 10.8
4 21.3 20.5 19.6 16.6 15.7 14.2
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Table 62} Table 7& ¥ A& 1008 7|£2 % microwavel]
Bl 7] AygALArat g AldARIE v E O H Hadg
AAE ol & /7|5 HFHAYHL AP 4LRFo] 22O, hot plate
ARt ZtA BT A, Al ARFE WA v}

ubet A, microvave’ < FA AU FHAME Fasiri ALEH}.

Table 6. Comparisons of electric power consumption between the

four different methods, (per 100 samples)

Walkley & Wet oxidation -

Method Microwave Tyurin
Black redox titration
Number of samples 100 ea 100 ea 100 ea 100 ea
Blank 1 ea 1 ea 21 ea 21 ea
1 Batch 7 samples 100 samples 21 samples 21 samples
Oxidation
. 8min X 15bat, . 4bminX6bat. 8minX6bat.
time . about 60min
= 120min, = 270min = 48min
Pre-heating
] - - 3min bmin
time
Sample exchange 1minX14bat, 3minX5bbat, 3minX5bat.
time = 14min = 15min = 15min
Total 134min about 60min 288min 68min
Power consumption 1100% - 3000¥ 3000W
Power consumption
2.2kW.h - 14.4kW.h 3.4kVW.h
rate
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Table 7. Comparisons of

different methods,

reagent consumption between the four

(per 100 samples)

ethod

Walkley & Wet oxidation -

Microwave Tyurin
Black redox titration
Numb f
uiber © 100 ea 100 ea 100 ea 100 ea
samples
Blank 1 ea 1l ea 21 ea 21 ea
Gram of 40 50 47 47
KoCry0y E B B E
Volume of
1010 m¢ 2020 ml 1210 me 1210 mé
Hz804
Gram of
. . Fe(NHq)2(S04)2 + FeSOy + Hz0 Fe(NHi)2(S04)z +  Fe(NHy)2(S04)2 -
titration
6H0 159 g 141 g 6H:0 190 g 6H0 190 g
reagent
Volume of
505 mé - 605 mf 605 mé
H3PO,
Total t
otal reagen 14, 000 18, 000 16, 000 16,000

cost(Won)
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V. 3 8

EGH71E8Y EME #Aq 718ol AMEstaslE E44H (Tyurin
¥ Walkley & Black , wet oxidation-redox titration %, Dumas
M)z el microwaved o] &3 A slddts WHE AFA U7 ¢
3} A microwave ovend ol &3] Zt1EATN W 2o VHEHE AAES
HEHC & =T HHL nirowave 71EY L ol 8% EY R7]E £
Y& H3te dof dlth

1. Ovenuo] Hoj7tE AR £I7]471 Eoldol ulel dALEH o=
B AZo] Ao, FARY FARE dF JIFEAT o|4e] =HH
Zha %] 7] Al 2]

2. glucosed8] R71VAE NS Wl AN 71Q AL A2 23 &
4ol mat olgienl, £7147 29 o 3Eoldn 7Y W& sEL
= 379,

3. AlE 2L TAE A8 EY f715F e FAUL AL
microwave oven?] 7}@ A& 8E L2 3= Aol 71A FIslac),

4, FANRE o€ AM hot plate?} microwave ovenolA ] A|E )2 9
wE e AMo|ugF Ri¥ A} microwave ovenoll A& EFH A
(SD=3.05)7} hot plate?] Z1(SD=6.96)Xrc} ytolx HM otAH &
Hgch

5. TUAY E Aol vhste] Z1E2] WY nicrowave YL R #

NE ¥$YE 38 23 Y=z FAY=dolM picrovave 7HE ol

49T},
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6. microwave 712 7| EWHo) thsf AHARI Y AJSLBYE 3
A EolMd ZAHY B olvlel AT &Y 4 alct.
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