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Particle Size Effects of Devarda’s Alloy on the Recovery of
Nirate N Determined by the Steam Distillation Method
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We analyzed the particle size distributions of three commercially available Devarda’s alloy (DA) products,
tested the nitrate recoveries of each particle size category, and examined the amounts of DA required for 100%
recovery by varying NO; —N concentration from 0.5 to 10 mg. We observed that use of DA coarser than 200
mesh resulted in poor analytical recovery (< 80%). While the tested alloys were considered to be fine enough
(>90% of the particles were less than 100 mesh), the recovery dramatically declined from 80% to 10%in a
high concentration range (4 to 10 mg N). Satisfactory recovery was obtained by increasing the amount of
finer DA (less than 300 or 450 mesh). However, there was no quantitative relationship between the amount of
fine DA and nitrate recovered. Generally, the amount of nitrate reduced per unit DA decreased as the recovery
efficiency declined. These results suggest that a sufficient amount of DA must be determined based on particle
size distribution, and that treatment of at least two levels of DA and comparison of the subsequent change
in nitrate recovery is required for soils containing high levels of nitrate. In addition, further studies are
encouraged to account for the observed stoichiometric dis-equivalence of recovered nitrate N per unit

mass of DA.
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ShlsRHel Aot Ades A das gy
ol B4R Y= Devarda's alloy] F-&of o&3ich
o, FYELL x} AV 2R o] &
A3 HAaE7] ol Devarda’s alloyS 7FsA 4alisiok
Shckal 4EA Qok YEFEOZ 100 mesh (150 pm) A
B Y=g FH Devarda's alloyi= thH-E2] HAo|
thaf) HEAEE Ao g Hlol5oiz|11 9lou) (Mulvaney, 1996),
A SeuvEte] EF SsREAHolAl= Devarda’s alloy
O] IR} A7)of| tiel] Mok s FA] @Al Qltk (NIAST,
2000). AlR]0], Devarda’s alloy2] Tk (UuEd o2 50-100
mLo| Ef FEH| tisf 0.2 g& AME) A Akl =
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Devarda’s alloy & ¥of|A] ARR-E Devarda’s alloy
L ARAE 77] DR 3] ACRe ApgRlEon, the
I} 2t} (1) Merk (Darmstadt, Germany, cat, No, 5341),
(2) Junsei Chemical Co (Tokyo, Japan, cat, No, 48285—6101),

(8) Wako Pure Chemical Ind, Itd, (Osaka, Japan, cat, No,
043—25335).

Devarda’s alloy QIX} 27|H 28  x =771 24k
B 29| Fl4=gof u|X|= G 2R $18l, ZF AlxA
9] Devarda’s alloy 100 g2 3t 2, 10 g H35}o]
103]¢]] 44 100, 200, 300, 450 mesh A (ASTM E-11, Testlab
Corp,, Chicago, USA)7} 2102 AT MER 27]31, 180
rpmoﬂ/\ﬂ 308 4~ Agkst S (SK—71, GMI, MN, UsA), ©]

Zu3) B50] ofele} o] 27] Wz APt £
E]7]— E]EE 3FATk (1) 100 mesh o4}, (2) 100—200 mesh,
(3) 200300 mesh, (4) 300—450 mesh, (5) 450 mesh ©]5}.
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kst Hsll, 300 mL 57+ &2t (VELP Scientifica,
Milano, Italy)o]] 0.594] 10 mg NO;—N& $H5-31= KNOs

FEGANE 71 F 2F 23S 30 mLE FHdck. ofo] &
FE AJes] 47 0.2 g MgO2} 019114 1.0 g2 Devarda’s

alloy® 7RHAIEHA, 24 15 nl min o] 4R AYER
Z+2] (UDK 130A, VELP Scientifica, Milano, Italy)E A}
gofol ZRSGLE ZRE0l U NEE 100 ml, vlo]A
oAl pH7} 5,008 2AF 10 ml 2% H;BO; fHOZ =
AkATE (Mulvaney, 1996). 8 S72] 25 Hul=
o 70 mL AEOIAT}, U NHO) ¥ AEHHAA
(COM—450, Hiranuma, Tokyo, Japan)& ARE3lo], EF
NaOH goHo g FZESHE HyS0, fHo 7 Aoz y
AeFstdth NOs—No| 3 mg o311 A$= 0.01 N HySO,
golom 1 ojage] Ak Akl ThElAL 0,05 HSO,
Q_oﬂ o7 x%x%s}odq.

S| =>4 H =} ioﬂ g 4;
lela, ZRaelof] o] Yol 92X ®E ulA|3t Devarda’s
alloy YRS AA3] €8l, 200 mLe] 0.2 N HCl &N
o2 12} SFH/AAS TS 200 mL H,02 22} Z5H/A413
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Devarda’s alloy X} =Z7|0] = & S|
&= X1o| A& = Devarda’s alloy =& A2 90% ©]
4} 100 mesh (150 um) Hr} 2R QIAHEE JLAJEo], Qul
A9l AR} 77| 715 (Mulvaney, 1996) thE-E TEESHITH
(Table 1), 181}, 100200 mesh Z7] @ 300 mesh Hr}
Ao 2719] QSo] Bk MRS AES 7o) wlnA
= zfo]7}F QU=t], Devarda's alloy A2t C= Devarda’s
alloy Bef| H|3} 100—200 mesh =7]9] AR} H]Eo] A
Zog =2 uhd 300 mesh WU} 2R Y} v]&-L o
Sk}, Devarda's alloy B 60% ©|A4F©] 450 mesh ZFS- uf|
S HAIEE RER R o] A eR =2 Ak Ha
ghdso] 7lgiEckar & 4= 9} 3kH, 200-300 mesh
719] YAFEo] AA ke HlEE AlEE Ttoll 2 Atol7t ¢l
o] B 15% AL =2 YA} Devarda's alloy A= 200
mesh Xt} & YAFE0] Aeh= H|Eo] oF 50% =0l
oJA|, T}2 Devarda's alloy S°f v]3|] 24t T 5¢
o] AtjHoR e TisAle] Er @ 4= 3t

Wik Aae) B Fig, 1004 RE vlef o,
Devarda’s alloy YA} Z7]¢] whet wl-9- LEE1gh Z}OIE
At} 100 mesh Hol & YREL 1 mg NO;—N9| 7
50% u]u} 283 2 mg NO—NO| ALz 20% ]JQA
o9 23t S8 Hol= B, YA 2717F 200 mesh
Het 2R Aoz 2t 2 mg NO;-N7HA] RhE2efe: 4
AH A glsS HAloh SREAE, R A s
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Xt 27| B=o| Xto|7F ALMEY EA9| F|+=S0
0lXls g & Aol AEE 2 Devarda’s alloy=
YA Z719] b A= GRAL (Table 1), Ol= Tk &
< Ak Aa 27191 13} 2 mg NO;-NojjA] A2 &
ZAH 24 342 U EQlc) (Fig, 2). 200 mesh B
o} 2 AE9] v]go] =9)4 Devarda’s alloy A= 71 3]
egol Z/RRE Al Wad hmUold A4 B
Yol vlgo| A5dle 06[) S EC’“‘X]UP C}E Devarda’s
alloy=ol B8l @A5] W Ak da S-S H3Arh
E3], Devarda’s alloy 0.1 g 2| $Zoll4 2 mg NO;—N
o] 3} t}= Devarda’s alloy Xﬂ‘ETE.]:]’ oF 10% & 3|4
&2 B (Fig. 2b). 18Il 2 mg NO;—N 2704 Al
3% Devarda's alloyS-2 BT 0.1 g AEgito g
N & ZASt= AA| AAakE Aaxo disf oF 10% o
_‘;1_]/\]7];(] E‘&]__‘:_ Zog L]—E]—L’HZ} O]SZ]‘ 71—2 ﬁﬂ]‘—‘;‘—.g_
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Fg. 1. NOs-N recoveries depending on particle size. Squares
and circles are NOs-N recoveries for 1 and 2 mg NOs-N,
respectively. The amount of Devarda’s alloy was 0.2 g for
all treatments. The examined Devarda’s alloy was product
B. Enror bars represent standard ermrors (n=3).

Table 1. Paticle size distribution of the tested Devarda’s alloy products.

>100 mesh 100-200 mesh 200-300 mesh 300-450 mesh <450 mesh
%
Product A 11 38 14 6 27
Product B 3 14 15 0.5 63
Product C 8 38 16 14 21
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1 mg ¥ 2 mg NOs—N —T—i—— 10 g9 Eok ABZE 1:10
HgE ST 7} -, A Aart YAE
A HEA =3] = = lt} (Lee, 2008).
53], AdAiR|eE 2 BEqfollA= At Havt AR
F= (B EO)°f| Bl #7P°F— R
Fro] 71918 Al NOy ) SO ) Na' ) ClI )
HP,Os" > NH," ) Mg"' ) Ca”" &0= %2i#] 9ltt (Jung,
1994), YekAo R & Alg= XHOZRHE 5 cmof|A] 10 cm
Zol7kx|9] BokE xgFely] wiiell, Sl ofsf HAle)
vt S A EREs o] v Y e 2
A Aas R 7heAdol i wrka & 4 Qe o
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Fig. 2. Nitrate N recoveries of examined Devarda’s alloy
products for 1 (a) and 2 (b) mg NOs-N solutions. Error
bars represent standard errors (n=3).

DsE0| EAE] EA XZ0|M Devarda’s alloy2| &t
$l2 ™I Fgure 3, Fig 4 U Fig, 5= A|F% 7} Devarda’s
alloyoll thsfl, iar=o] Aibe) Fa 27 (1~10 mg NO-N)
o|A] Devarda’s alloy?] g (-2 A A 3]4-8)
o] ke Ao cfo] FriRtel uke} o @A Hsish=A,
T3t Devarda's alloy 0.1 g & 3HdE Ak 240 oF
o ol F HAleY W] oo st Alo] that Az
= yeld Aol Devarda’s alloys 2| 0.4 g2 Fo
3t oA, BE Devarda’s alloy &2 &9 = ZAbe]
sl Qo] F7HE G5 Ane Asel B4g

p3 PARS

e Aske W) 13114- BN F Ak A
o=

o]
Zo0| & Devarda’s alloy A9} C= 10% n|qte ﬁ-’éﬂgg% =
ol WhH (Fig, 3 and 5), 200 mesh ©]3}2] 2> ¢z}o] H|
20| =919 Devarda’s alloy B= 20 % LHS)—]—J ol e e
Bty E3F Devarda’s alloy B7}F 4 mg NO;—N7HA] oj=
Ao =2 0] B0% oY) &S HRINMH, Devarda’s

alloy A= 2 mg NO;—N $& 0|3 F2A3] 3|48o] A4
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Fig. 3. Recoveries of NOs;-N (a) and recovered amount
of N per 0.1 g of Devarda’s alloy A (b) over the range of
1 to 10 mg NOs-N. Squares and circles represent nitrate
recovery rates or mg N recovered for 0.2 g and 0.4 g of
Devarda’s alloy, respectively. Enor bars represent standard
enors (n=3).
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Fig. 4. Recoveries of NOs-N (a) and recovered amount of
N per 0.1 g of Devarda’s alloy B (b) over the range of
1 to 10 mg NOs-N. Squares and circles represent nitrate
recovery rates or mg N recovered for 0.2 g and 0.4 g of
Devarda’s alloy, respectively. Error bars represent standard
enors (n=3).
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Fig. 5. Recoveries of NOs;-N (a) and recovered amount of
N per 0.1 g of Devarda’s alloy C (b) over the range of
1 to 10 mg NOs;-N. Squares and circles represent nitrate
recovery rates or mg N recovered for 0.2 g and 0.4 g of
Devarda’s alloy, respectively. Error bars represent standard
enors (n=3).
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Fig. 6. Changes in recovery of NOs-N in response to doses of
Devarda’s alloy that is finer than 300 mesh. The examined
Devarda’s alloy was product B. Squares and circles are
NOs-N recoveries for 2 and 10 mg NO;-N solutions,
respectively. Error bars represent standard ermors (n=3).
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