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Developing (Mn+Zn )-LS Chelated Micronutrient Fertilizer and Its Effect on Corn Growth
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Abstract: Batteries pollution and treatment was the focus of the present social environmental issues. From the perspective of agricultural
chemistry, the elements in waste Zn—Mn batteries, such as Zn, Cu, Fe, Mn, K, except for Hg, were all crops essential nutrients, especially K,
which was the main nutrient elements. In view of this, converting the battery into fertilizer and applying it in the agricultural production was a
kind of effective method of comprehensive utilization, and didn’t need to separate and purify the trace elements in the batteries, which could
save a lot of process. Targeting on alkali manganese battery, which was the fastest developing and most consumed battery currently, according
to solid waste treatment of "three principles", considering the roasting technology and crop demand for Zn, Mn, etc, following the "treat waste
by waste" thought, using the papermaking industry by—products — lignosulphonate as chelating agent, this research poses a technical solution
turning the daily scrap into agricultural resource: "batteries free—pollution disposal and chelating micronutrient fertilizers preparation" the life
of agricultural waste recycling technology solutions. The result showed that, the spectrum of micronutrient fertilizer changed in peak shape,
peak position and strength. The new group (-SO;H,—SO—-0-) introduced on lignin structural unit complexing with metal ions, causing the
change of aromatic ring absorption peak. And the complex was related with the aromatic ring. The pot experiment results showed that chelat—
ing(Mn+Zn)-LS micronutrient fertilizer had a good effect and obviously increased the production. It had certain disease resistance and lodg—
ing resistance, and had advantages such as wide scope of dosage, wide application scope and easy to control. In this experiment, the dosage of
Mn was 2 mg-kg™ soil for the best. The fresh and dry weight separately increased 46.3% and 28.5%. Also after potted planting, the pH and
Zn, Mn content in soil were improved, providing sufficient fertility in later stage. In the alkaline soil lack of Zn, like calcareous soil, and
latosolic red soil lack of Mn,(Mn+Zn )-LS had wide application prospects.
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Table 1 Composition of alkaline zinc manganese battery(% )

Bar B RS PR Wk ARENE HA

Heil 30~38 3~5 12~16  18~23 5~9 7~9

B 250 g R (FEAEAM: LR 2) A 250
mL K I 70 CLEA TR, HIARE & 'R 50%5)
BAFNER ARSI 500 mL _F3ARBRFEE , 1 2h J5
& pH ZE i, UTTE, 1338, BIOVEEA Mn Zn ZAHUE,
g Ame T MR 1, H3E bR 2% 3,
#2 ARENFER

Table 2 Composition of lignin

% HHLR K5y K4y REE ey
B4 /% 96.7 10.70 4.47 50.10 4.70

PR WS | WLR
Gk T

24 — | AR | (Mn+Zn)
— o [

B 1 EEmBhEmANRIE T ZRE

Figure 1 Technics of using spent battery manufacturing organic

micronutrient fertilizer

1.2 (Mn+Zn)-1S ESRAEEZIALE

AR L A AR R R AR R K A
T, N AE B A AR K B A B A £, BUELE X
T 2 mm BT o HEEAT AL AR . pH H
6.05,4> N.P KKK~ 1.54.0.91,5.85 g-kg™, i fi# N
62.03 mg-kg™, AL P 48.52 mg-kg™, AL K 59.36
mg kg, HRY Zn 6.23 mg-kg™, AL Mn 1.27 mg kg’

=3 S Mn.Zn SAMEELER
Table 3 Composition of(Mn+Zn )-LS

Zn Mn N P05 K,0 Hg Pb Cd As
pH HOLFE/%  EER%
éﬁ/g’lfl mg'L1
6.81 42.68 22.07 11.5 13.0 0.80 — 3.30 — — — —
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Figure 2 The ultraviolet absorption spectrum of LS
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Figure 3 The ultraviolet absorption spectrum of(Mn+Zn )-LS
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% 4 M (Mn+Zn)-LS ZE A HIE EKE KA M
Table 4 Effect of (Mn+Zn) LS on growth of corn

Qb & /em H /g pot™ FEH/g pot?
CK 138.50+3.12a 228.70+5.51b 34.29+1.63b
T1 134.75+4.50a 297.15+7.25b 37.97+2.03ba
T2 133.75+2.39a 290.81+7.86b 34.67+2.80b
T3 132.75+3.40a 309.77+5.21ba 39.98+3.64ba
T4 137.75+5.99a 334.50+15.31a 44.06+1.11a
T5 133.75+3.45a 298.75+12.37b 35.35+£1.28b
T6 133.25+5.04a 302.00+10.36b 34.40+2.92b
T7 135.50+4.29a 294.84+14.04b 36.66+1.29b

R A SAS BT AT, ZE HLECR A Duncan 355 %
IR EUE R BIE , FFIEEE - BA MR R B TR E AR
(P=0.05), F I,

EFE AT EAZWE R, BWIEHR; HiEHZE Mo
#Hid 2 mg-kg? HA, BT R
23 BHEREKRRBESFESER

% 5 B F KA NPK . Zn Mn BIENL, it
Duncan 5 LM, WA 7 /Nt A OIE AL B 5 %
M8 CK Z[f], 7EMiMRFES4 NPK & & 5%
BAEBHARE (F=0.79,P=0.599 4;F=1.52,P=
0.207 5;F=1.00,P=0.457 9) , kb3 T4 1 3 Fh3p4r &
R ; [RIB BT LA H PG it R AUIE A AL 38, KA
PRas P HXT BR CK A MR ML Zn Mn T 5, b3
T1~T7 5%/ B CK Z [ 2 24K B ¥ (F=8.03,P<
0.000 1;F=9.76,P<0.000 1) , [ fc N it FF = 9 184
FORMEMRILNL Zn Mn H BLAERE K5 18/ NE R R A
¥ Mn F 2 LA T4 LbBREAR, T4 AbF FORMERE Zn &
B 5% CK A4,
24 BRETENMER

6 JRAR)E TIEM— eI R A AR R IB B .
MEETTLAE H, B FOK G 13 pH # Rk OKFE
+ pH & 6.05)1I%, Bir A it FTAE AL 3 %) £ 338 pH LLXT

F 6 E#FE1TE pH . HH Zn Mn
Table 6 pH.available Zn and Mn in pot soil

AR/ mg kg

b pH

Zn Mn Pb
CK 4.71+0.03b 4.55+0.32¢ 1.75+0.11b 5.34+0.34
T1 4.97+0.01a 4.48+0.03¢ 1.96+0.38b 5.41+0.17a
T2 4.97+0.03a 5.51+0.45¢ 1.76+0.09b 5.04+0.09b
T3 5.09+0.06a 6.28+0.12¢ 1.66+0.16b 4.61+0.31b
T4 5.14+0.05a  7.27+0.83cb 1.91+0.07b 5.3240.29a
T5 5.04+0.04a  8.73+0.89cb  2.59+0.44b 4.87+0.14b
T6 5.12+0.01a  11.41x1.26b  3.31+0.90b 5.27+0.42a
T7 5.12+0.02a  21.46+0.79a  7.00+1.44a 4.87+0.38b

MR, Ul I P RUIE R RS 38 pH BOVE A s AR
Ja R R Zn R BERUIE I FH B A3 BT K, A
2 Mn 95 B BOA MU, TR 3R Mn =,
H Mn 25T YR AIRES), SHACETER Bk
W&o Al TR BB S E A IR 2P A
I, FA R AR P T RAAR, HfhA FA R
SR AZR]

3 itig

LR b, b A AT AR ) S R PR P o R TE A, 2
B2 Hg MIRBRIAER, ka2 i tth i Hg B2 bR
ik, EEERE T 650 CHIE Y ik —E
At fa], Y 4E B He, L3 RO R He 2Rk 99.5%1A 19,
Xof 2 L b A TE A, SRR R ML K BT B 5 = R T
T—RII5, E LS T AT B MRS, A T RAE
T EEME, B He 2R3k 100% , kb T8 58 e 50t
THEL, MHFRSHEET BRI E )8, 7§
SR Fed R Hg RITEAS KA it AT T,

MFERZARRIRETTLAE B, AR 2 A —1
B, MERAARE 32455 Zn Mn £ B F

5 EKEBRBY NPK. Zn Mn 1H5(£2, mg-kg?)
Table 5 Absorption of NPK\Zn\Mn(éi,mg'kg‘l)

e N P K Zn Mn

CK 19.15+0.10a 2.31+0.02ba 2.40+0.22ba 45.94+3.02d 103.86+0032.41cd
Tl 19.010.09a 2.20+0.05ba 2.43+0.13ba 48.13+7.45d 92.34+8.99d
T2 20.33+0.20a 2.83+0.02a 2.68+0.20a 67.50+0.68chd 132.26+18.29¢chd
T3 19.33+0.20a 2.09+0.03ba 2.57+0.30ba 62.22+8.13chd 112.535.98cd
T4 17.11£0.06a 1.80£0.05ba 2.06+0.08b 58.0346.21cd 98.34:+1.85d
T5 19.24+0.08a 2.72+0.07a 2.45+0.17ba 73.25£10.27ch 123.02+13.68chd
T6 20.50+0.09a 1.68+0.03ba 2.55+0.12ba 83.30+7.41b 150.24+5.84b
T7 20.58+0.10a 1.35+0.02b 2.48+0.14ba 104.59+6.48a 186.33+10.89a
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FREMHIHA K, MHEFE RS Zn. Mn 7E5X
HE .+ EEPFREEE R, 5 Zn Mo SHEY R4 KAEFH
KMARFRAR, 5HIEBAMTA X, FERESHS
BRTTREMHEAERAR, W P-Zn N-K N-Zn,
Fe-Mn SE#EHU/EAZ>, Ui &L Mn 2 mg-kg™
T RE, X SRR,

4 g

(1)(Mn+Zn)-LS WLLAMNEIE T R R 1
WETE W Ar ISR B HER R AE TR ZE ML K280
BT ARRIFEEE RS A 4 DT 2 AHid
UL TR RGBT E5IA T #H A E (-SO:H,
-S0-0-) M&EBE TG T T 52
b, A S0 55 A K,

(2)(Mn+Zn)-LS IESORIR AR R, WA
ROREST S R, BA — & PuwRe 1 Fd AR
%, B FHEREE)  S Rl & AEET 4R
o, Mn DL 2 mg-kg™ + A & OB, SEE BN
46.3% , T EHG /N 28.5% ; Jiti L 3G A 8.3,
245 R EARPFEERMEHAR ; R E3RE
158 pH . G3L Zn Mn & B4 P45 R R, b AU
Al DAk 138 pH AR Zo Mn &8, SR 2
HERE J7 SRAIE

(3)(Mn+Zn)-LS fAER] DA R F 8- Zn A58 T
Beang v 38, B Mo SRS BA T RN
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