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< SUMMARY >

| ZEWE | D-02

Purpose&
Contents

The aim of this project is to prepare a heavy metal adsorbent using lignin.
Lignin is a by-product of the paper industry, and recently, it can be
obtained from the biorefinery process also. Lignin is a polyphenol polymer
but severely damaged during its removal process.

In this research project, we will utilize lignin not only from the paper
industry but also from biorefinery process. Lignin will be fabricated into
particles having a size of micrometers to millimeters. Using hydrothermal
carbonization, lignin—derived biochar will be also used as a biosorbent.
Optimization of the adsorption process will be performed in a continuous

column reactor.

Results

O Lignin/alginate blend bead having 2mm in diameter was successfully
prepared, The adsorption capacity against Cr(VI) was about 150mg/g
which is one of the highest levels so far reported.

O Solely lignin beads were prepared by reverse-micelle polymerization. The
size of beads was in the range of 250-650um in diameter. Scale-up
process for bead preparation was established, and the beads had excellent
adsorption capacity against Cr(VI), Pb(II) and Cd{I). After 10 times of
operation cycle, 70% of the initial adsorption capacity still remained.

O In the case of lignin biochar, its specific surface area was 3 times larger
than commercial activated carbon. The lignin biochar had excellent
adsorption capacity against organic substances.

O By combining the lignin beads and the lignin biochar, we can now
establish a novel system effective not only for heavy metal removal but
also for harmful organic substances removal.

O During the project period, we published 8 peer-reviewed papers and 17

presentations at the conferences. We applied 4 patents for registration.

Expected
Contribution

O During the research, we found that lignin—-based fiber can be prepared by
the wet spinning process. One company gave us a favorable offer on this
item, and currently, further cooperation with the company is considered.

O In addition, another company who provided their lignin material is also
considering future collaboration with our group.

O We expect the results of this project will contribute to the development

of new materials using lignin as raw material.

Keywords

Lignin Biochar Heavy metal Biosorbent
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A nRA AR2A Pade Fre] EPHy L 5o AYOR A% FAS M@
gomz 1 gRopt AdHeltt. A4 FgHoz ANHE wade] FFHoE Kraft
lignin (B3 &A), Soda lignin (3 ¥A), lignosulfonate (23 &4), Organosolv lignin (&
A2 &4), Inbicon lignin (¥}o] 2ol gh-& Ak &4) Fo] EAgH. o] &2 Hfo] ufj 2~ 9]

7 OB "2/ AY Ay 2 wEk AR, 2871, @4AHd 5 =ElEeHer Aol
TEE 27wl A gade] &85 fsiA s oo did AE = B0l FA
28 s]ojo s},

(2) T55& FAARA] 2gad

1990t FRF o] 2 FHFAY FAEe] FEE FHTol LAY AlEEen oY
EFR FAAL A7) AT obdle] FE T o] 29 FEH| AR AF ALY
ol g Aaolrt
Table 2
Removal capacity of copper{ll} ion {mg/g substrate) at pH 5.5
Common name Botanical name Classification Lignin (%) Capacity
Sugar cane, bagasse Saecharum offic narum Straw fiber 199 (3
Oak Quercus spp. Hardwood fber 232 0.5
Aspen Fopulus grandidentata Hardwood fber 218 09
Spruce Eastern Ficea orientalis Softwood fiber 263 1.3
Coconut, shell Covos nucifera Shell 55 26
Flax Linuim wsitaris simum Bast fiber 24 55
Eudzu, hark Pueraria lobake Hast fiber 193 82
Kenaf, fiber Hibiscus cannabinus B ast fiber 29 8.5
Hemp Camabis sariva Bast fiber 30 9.5
Tobacco, fiber Nicotina tabacin Bast fiber 16.5 105
Tobacco, bark Nicotina tabacin Bast fiber 95 14.3

ot FARE FAaEe] e ol AA (A. Demirbas, 2008)

A olole oleld AFFFS A RAE Pl mBAE olojx AT A
7h AP glom, AR gade g TR Tasel dI FAEYTE AL U=
o HuEr)

Sorbent Retained pollutants Adsorption capacity

Modified lignin

Pb (1)

qm (2.2-9.0) mg Ph/ g

Cd (1) g= (6.7 — 7.5) mg Cd/g
Muodified comcob:
-with nitric acid Cd(11) qe 19.3 mg Cd (IT)/ ¢
- with citric acid Cd(1n} q= 552 mg Cd (I1)/g
Pine fruit Cu (IT) =4 8 mg Fe(ll}/ g
Fe (1) g= 14.1 mg Cu ([l)/g
Wood apple carbon Methylene Blue [ =369 mg/g
Kraft lignin Cu (11) = 8705 mg Cu(ll) /g
Cd (1) q= 13714 me Cd (II) /g
Sawdust Brilliant Red HE-3B | g = 11.61 mg/g
Methylene Blue q=T7215 mg/g
Rhodamine B q=7.309 mg/g
Crystal Violet = 12.594 mg/g
Peat Brilliant Red HE-3B | q = 16,286 mg/g
Methylene Blue q=38314 mg/g
Rhodamine B 0= 16722 me/g
Rice bran Methyl parathion q = 0.9 mmol/g
Bagase fly ash of sugarcane pesticide q = 1 mmolg
Moninga oleifera pods 0= 1 mmolfg
Rice husk q = (.9 mmol/g
Corneobs Cu (I1) q =26 mgfy
Pre-boiled sunflower stem Cr (VD) =534 mglp
Formaldebyde-treated Cr(Vly =48] malg
sunflower stem
Black tea waste Cu (IT) q =48 mg/g
Ph{II} q =65 ma/g

ha
o2

2o g gade &z A7

A3} (Ryan J. Paterson,

2012)
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Publication number

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

2| At =7 o LhE

Alberta-Pacific | Ontario Kraft EZ SHo2 HOT 2| QLK 7| = 717 E0E ME2 2 T

{Alpac) 7HE (Lignoworks Network Z| A2 &5F 712

Innventia Sweden HA EZ BEHoR BB Do 2|45 A A0 EHH Eh-ad 8 MA (Chalmers
University of Technologyet & H-7)

Domtar Canada Innventia2h 7 2| O 2 d4 SF 8 HIOI0|HE W HO| 2 EELAE AL

Tecnaro GmbH | Germany |2/, M9 HoS0t 2 dio|2 Bt~ § 24 AtEA UEW, HAEE
#FH O[22, (M 2% Arboform, HIO| 2 &2t

Green Value Swiss A= B0 fe2| Yt O 28 742 (HEA, BHIE, 24D
Ligna Tech USA 2|3, lignosulfonate 2 7 & &l HHRI 8 B4H (8 22405, A EER])
Tembee Europe/ W 7t 5,70,000 MTZ| lignosulfonate &4 (BT 24HF|, BHRIC], 818
Marth
America
MeadWestvaco | USA Non-sulfonated Kraft 2| 14, 25FE 13| sulfonated Z12| 2L hydroxyl methylated
2| % propoxlated 2| A E2|E Y4 (28 2414, EE Gl BtE)
KMT Lignin LK. Lignosulfonate <4 &0 (HEEIT S 244H|, &=H)
Chemicals
Melbar Brazil Lignosulfonate 4t (82 8T H|, 24t & &)
Lennox Polymers | USA 2| A0 7| = formaldehyde-free 2 & 2t B EHH| 7| & (2007
Borregaard Marway Lignosulfonate (S2: BF'E 2! (vanillin), 48 H7I&, B1E &, 219E)

o] vl &(2016). @2 & Fof E3k
Ao gade o]gst AT Zrlelr B1Ea olAA] glade o]gdt g4 T4
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Adsorption capacity (mgfa)

Adsorption capacity perused lignin (magfa)
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w Experimental data Kinetics model Parameter cr(vi)
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. 150 —— Pseudo second-order Pseudo-first-order Cy 97.789
o
] =
ET — k, (min) 3.455 x 102
(=2
= G (Mg-g ) 85.035
§ %4
& R2 0.8838
% 00 Pseudo-second-order Co 97.789
2 ] k, (g-mgt-min-) 1.137 x 10
=L
o Om (mg-g?) 151.515
o 3{‘]0 ﬂ%ll] E:IIB '12‘1]] 1500 R3 0.9989
Time, t (min) '

2% 7 Azl WE 67F AF oL §F AF L FA SRR A
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2

= Experimental dat
=1 Rl it . ) Isotherm model Parameter cr(vi)
E —— Freundlich isotherm A T
;. 00 aE Langmuir isotherm am (Mg-g?) 357.143
¥ Ky (Lmg?) 0.824
= 0
o .
E R? 0.9331
2
= . .
§ 2004 Freundlich isotherm Ke (mg-g?) 140.249
=
= n 3.432
& e . . :

0 50 i) 150 200 F

R# 0.9982

Equilibrium concentration, C_ (mg/L)

Y 8 67k Agoled 4 SeRd % wd 2

=

ol Az 67b AF o)l F/BAClE Bgusd FHHE AL BFAd 29
o] AEF Ao RATh oF FAY] el Pa/AAVIE B S FWe] FHH
aE o9 FHE XPSE &A% A3} (29 9), 57813eVelA 67F AF o]0l #&AHF L
W, FAlol 576.83eVelA 37F A& o]k #HH E} o= dntH o " HA

Cr2p3 of Cr-sorbed LA bead

576.83eV

Intensity

; T ¥ T ¥ T ¥ T ¥ T T ¥ T ¥
582 581 530 579 578 577 576 575 574
Binding energy (eV})

a9 9. @ ay/BAelE B e EHe] 2F o] & B4
gav/dAvele Bgultel 67 AF ool tE AA Ae AEHLEYARATY
2 %a Wohe A3 666%2) A7 A% Uehile] 9% BAE Bk (29 10
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o B X:oEQoe ANBHIURE : 20164 118 299

F 4 ﬁll | Bor ?_WJEJ(QJE MBUER 2008 52028)
AR TMAAY AT

A 2 9:0138 8%

AEE
LCEE o9 NEE FEL] Aegy
=) Tmol &8 | 12 EPATIOA
Crivi) mg/lL. B8 40 EPA T196A

8 S NEB(SUMINES)
w10 !‘1 1! SARX} AL i‘llNiS._i I!!iﬂim&“m"! BUS 2BHX Y20,
EM2) TS|HOIS BIHOIXI(www Kir.or ki) Ei= OR code 891 IQW"A‘
2 BUkkE B S8 0 4R B5a Nas 5 gov, 2 Ois Age
01 HaiiE RIS s Hasin A o B ik mue Ha Baeue

Hong Kim Gun-il
HR TR oo
201648 1198 209
KTR s=3eetg A
Pae?

KTRE

a9 10, gad/LAelE 67F A7 o] AAZE] i FAAE LA A

(210 X 247)

_]
ﬂ:ud% aetsE A AxE gady Zuddas
o] W WAL HLS DMSOE o] L&A &5 25%7E LA}
o3

o Eady Eeudd Ao
S-S Fyste] Az FaAgL obNES AHREer =o tF AAAH S T
] A zANA Ztusdnh 19 11 S & e

(h)

2% 110 2l2d/PVAS] E9tu| & & Alfe WAbAa (FJ:L”/PVA (a) 0/10 (b) 1/9, (¢)
2/8, (d) 3/7, (e) 4/6, (f) 5/5, (g) 6/4, (h) 7/3)
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9 12 FFGLAASE OGP AR £AT o Acle Aw Aol AF Yo
gode] fE5E A0E dehRon, hu Fol gmuel fEo] BT 2

—_ | I lignin/PVA fiber

o 140 GA-crosslinked lignin/PVA fiber

120+

8 |

&= 1004

5 |

o 804

£ 1

& 60+

5 40.

% i

_gg 20—_

§ 0 n LI V2 AN ) A
1/9 2/8 317 4/6 5/5

Blend ratio (lignin/PVA)

% 12 7k A3 & fad/PVA EFAFAA FEHE glade & vu

2] 2d/PVA EFAF9] 257 67F o2l Wi F2 e HES 249 da1de §

NA5% FRAYE Fbeksith @ad% PVAS 552 £@@ R0l 4%
2A45S e (249 13) £33 AsS 4% A3 Freundlich 5 &%

=l AL
1 -
Fegom, Belerd BAdAL 44 149 2ol =T Agadn ol 28 F3o

G MAYS oste] dojdti= AS HolEn (19 14)

(a

8

Adsorption capacity (mg/g)
s 3. 8 5 8 8 3
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a9 14, I ad/PVA AFe A% 671 did 5345 &4
(3) gad w5 wlo]a g HlE=9] Alx
b gad &= v=e A=
nfol AR MY A7 g H=FE A FsH7] fste] JtuAl e AMEAAAE &t B
dows nEg Azdger FEE oed U FF 4% SISt s
epichlorohydring o]&3}o] S ddd S WA o= 250-650 nto]aA=ZnH A7]9] H=
Azt o, A4 212 ok et 2ok (11 15, 16)
Factor Numerical value

Dichlorosthans
aor
Epichlorchydrin

a9 15, 1L ﬁL_L-J gl

Akalilignin (wi%)
NaOH (M)
Epichlorohydrin {mmol/g)

AOT (% to dispersed phase mass)

Dispersed phase [ continuous
phase volume ratio

Reaction temperature {°C)
Reactiontime (h)

Stirring speed (rpm)

30
1
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1
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4011
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67t 2% oledl WE HA FF pH 20 27] Sste] pHE FHAATS wusch o
Ash ok Blod/dA el e HgulEsh BAsA Wz AAA Ao TS e AL
Felatdt ot g ad/gA ol E HFH =7t pH 2014 1g9 150mg®] 67F A& &S &
23 wbe ) g ad dE vj=9o] A9 pH 1914 1g9 oF 8mgd] 67F ZEo| S F&E ).
o= 7tulAle] AFEo R Qlete] U ade #FTIVF ARFHAY] WEoE HIY B =9
7)ol mE FHYES Mud A3 vEst 4255 vse] aEAde ksl I
o] WAy F Aol WERA = &Utt (1H 19)

100
é: Equilibrium adsorption capacity, Qe (mg/g)
S
g =
2z 2 4 5 -] ;
Initial pH 250-400 400-550 550-650
a9 19. pH (3p) % vl= A7 () 67F ZF ol digh gl &5 vz F3 d%

dad gE vzo|Ae] FF 52348 B3 A3 Langmuirdt Freundlich 29 =% R?
T

kol 09 ol o2 ygtov Langmuir @] Bl A Aoz BEAHAL. (29 20)



400

a Experimental data
| —— Langmuir model
-------- Freundlich model

4y T T T T T T y T T T T
a 20 40 80 80 100 120 140 180
Equilibrium concentration, C_ (mg'L)

Equilibrium adsorption capacity, g_ (mafd)

i_il—

I Olr
ol
S

o1 20, 67F AF ool =

rob

gd BE =g

Qs

F2 HEEo o)A A3 A pseudo-12F FAol ZPEA ygkom olE gl ad/dA
HlolE Een]=9] pseudo-22t =4del wE Ao Hlsto] ztol7F Wt o] glad s H=
o Aol ey AF WAuT BUA AP P dstel FHo| Uojuth: AL wol
Foh ey T e A0 gd Rghel BF 0901402 theh) e el Qlrhn 2
S ek (29 20)

1o »  Experimental data Kinetics model Parameter cr{v)
—— Pseudo-first-order model
& sl Pssudo-second-order model . Pseudo-first-order Ca 94211
E i ky (min-) 1.643 x 107
= a O (me-g) 83.121
g ol B2 0.989
g _ ] Pseudo-second-order Ca 94211
£ ; ‘a ko (g-mat-mirrt) 3658 x 107
0 . . . . : : . O (me-gt) 172.414
a 200 200 Laiki) 800 1000 1200 1400 1800
Time, t (min) R? 0.908

a9 21, A ©E 67 A8 o)l TAAL

Hi} tEgel dElME HA F3 pH 20S Fystaat AEsdh 67F AF ol
Gl Aaet AT R EA8te] Sol2S ¥ Wi Y& PbY L& PhCI'E, 7=
LS CACl'2 &A38t). 9592 Asian #12d& pH 3 o]do A= SA3E 7R 2= 67F 25
¥ g pH 30]4e A F&o] A3y Ao oAl (27 22, 23)
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Adsarption capacity, g (mgfa)

20 4
10 m  Experimental data
—— P=eudo-firzt-order model
-------- P=eudo-second-order model
a T T i T T T T T u T T T T T u
a 200 400 800 800 1000 1200 1400 1800
Time, t (min}
Oy 24 AR mE 52 AF
40

m  Experimental data
—— Pseudo-first-order
-------- Pezudo-second-order
a T T u T T T T T u T T T X T u
0 200 400 800 200 1000 1200 1400 1600

Time, t (min)

Adsorption capacity, q. (mgfa)

% 25 Agtel mE Jteg 53 AE

(th) &2 ] A

A= AQFgo] 7hssior 3l @A EE AE 9
, 7 FhEFEY 49 1M HCl 840z dAstsi

Fel g&A el A F23 S3-E 1oﬂ Rha g A @ FtEFe] A9 103 AAE Fele
& AR 2ey 2F9] AeedlE 103 AAREA]l 70%°]

Sz "o, ot Az A4¥ NaOH7F 4% #)ade] £d% o7 wiold

_26_



120

100

B

49

1]
E 2

g vEe RS H5E S
F7H49 Awt Basht o 4%

=1

=

=]
=]

4 5 B 7 B ) 10

mCr(vVl) Pt mCd

N
)
>,
N
~
Ao

ol
>,
rlr
o

R
We,
iu}
Bl
A=
o,
=
>
=
4

X,
ftlo
P

1
2

(7} A4 column 8H$7] A7

A7 U B B2 Fo FAAE T8 flete gad dE v=E FHF
Astdet ofgel HAeo] A9 glad wE w=9] packing density: 500g/1%
(29 27)

o> ok
)
ol 2
yg
2o

1: Cr(VI) Solution (pH 1), 2: influent, 3: peristaltic pump, 4: adsorbent, 5: column, 6: Effluent.

a9 27. 67F AF ol AAE 9 A% column WSV AR HED RAL
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E 59 zdold LAsdom, ek g A=gel A9 pH 64 FHE

3E L 67F A% ol AAE 9% A5 column ¥H&7] 14 B 2HxA
i Mumerical
value
ColumnHeight, H, {mm) 100
Column Diameter, Dy (mm) 13
Column Yolume, Vc{mL) 13.5
Flow rate {ml/min) 1
Cr{Vi1) solution
i 100
concentration, Cy (mg/L)
pH 1
Temperature (*C) 25+1
() %2 column ¥H&719] FAAd5 B2t
F4S 1 m/min® 2433 233 A3} breakthrough time o] Aol += 3F9 T35 5%
6%% Bs FAYSS BAAAt (29 2)
120 120
Il G<fore adsorption
7 After adsorption
108 100
T s0d %
=] 20
E :
S e0d 2
g % 80|
=
L =]
g “N E
8
204 =z
204
o
CrvTy Ft cd o
Heavy metal Cr{V1) Pb Cd
Heawy metal
TEST REPORT TEST REPORT TESTRERO TEST REPORT e TEST REPORT L TEST REPORT
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67} A& o] 29 &2 breakthrough =4-& ofefjof #u} &
¥} Iml/min® 7

FX9 671 AFw o8& dE

G= v =7 o, o] A9 Ho S 1,050mg o]t xﬂ%/\}ﬁ

&0 J»

$- 20X 7t7+A] breakthrough * % o] UELA]
2 JE7HA A7t ek A

o] 67} AE ol ee] A7 Mt

A
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0.40
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I 29. 67F AF o]l tlgt breakthrough =71

719 A3 AN Fh=F 3 o 3 breakthrough 2 &S W335k

Foll A breakthrough A7 YEUA] &Ekth o]= 19 249 2504 H X

5|
Fol vl WA Ay WEow AmHth (19 30, 31)
1.0
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oz & 2mlmin
0.6
o
2 04
0.2
DD i—l.d-al—l.-a-.-..-.T --I---I- P I-
] 100 200 200 200 R0 00 o0 200
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<Process for production of activated carbon>
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ek N o e
Reactor 5 Sealing 6 N, purging

Catalyst loading

. = 4 |
KOH : LIGNIN Chemical Washing Activated
(0, 1:1, 2:1, 4:1, 6:1) Activation  withHCland H,0 carbon

.

Temperature
(700, 750, 800 °C)

Reaction time
(0.5,1.0,2.0 h)
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Mool W ol B4 MENE, ¥R 2 FF 27 v

Sample Tmﬁ‘g; e (i;;cagl) Via(em®/g) Dy, (A)
AT - 7.0 0.04 240.6
AAT 700 1402.1 0.79 274
AAT, 750 2781.6 212 299
AAT 800 2586.6 203 30.2
n__ ................ T 0 01 ........... _?_523 .....
ATL 700 1806.5 2.11 438
ATL 750 21996 1.49 294
AIL 800 19882 1.61 315
..... Ac_g[}[}q[}gg_;gg
BEG bl 2 P gAwe] wERA, F3w 2 5 7] v
Sample ;ﬁﬂf} (::Zf;) Vi (cm¥g} Dy &)
AL - 1.0 0.04 211.6
AAT 0.5 24185 1.46 263
AAT 1 2644.5 1.74 250
AAT 2 27816 212 299
ATL 0.5 8950 0.56 295
ATL 1 2226.7 1.48 28.8
ATL 2 219%.0 149 294
..... %c_%{}qﬂsz@s

Sample Catalyst ratio Sis Viw(emig) Dy (A)

(m?/g)

AL = 7.0 0.04 2116
AAL 1 690.6 0.47 80.6
AAL 2 1416.6 0.68 240
AAL 1 2644.5 1.74 29.0
AAL 6 1821.1 1.13 274
AIL 1 2327 0.24 1074
AIL 2 920.8 0.57 299
AIL 4 2226.7 1.48 28.8
AIL 6 957.2 0.62 278

“ac T%004 082 498

2 2527 800TC=E =okxd & A =] F¢ vl&9] 6

o2 sl om o= e P FHuo o3t UF U B AA
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SEDT: 2016 58 42
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a9 37 Alzd gad ddge] vgdAe] g FAASHF A A

AzE gad A A A8 A (0.82n/g) ¥ AA 71F9 B3 CHW 212w

2 A d 7Rk SAgek o] 22 Av]e] AlFo] thEF &

Agte gAsArt (& 2, 3 & 4) 71 FEx #F A3 482 E(AC) micropore®]©] 10nm

°]%°] mesopore 3 macroporeE WHF FHrotil = Ao® FAHATE whAE E Aol A

Azgk #ad S-S 2-3nm 2719 MlFo] 7Hd @ol EAstH o= A W9 el ¥ Y
3 =719 7] A o] o] Fo] X pore size regularity’} A ES o n| gt} (17 38)
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Bz §3 Aud 24w mve] 2@dd duAd od duden FAHE 0F F
2 Ao Fao] o]folA 1 9ee e1F 4 ATk Freundlich4 n gtol 1< n <5 A}
o] & YUeuE=A &3#e &3 (favorable adsorption) 7}sdS & 4 otk (19 45)
T EE GIVE B BYUA NAT A3, 2 AN AT AT G w2 F
3 9y 2n e & & Atk (39 46)
Langmuir Freundlich
0.008 58
y = 0.0008x + 0.0025 7 y = 0.4853x + 57947
0.006 R? = 0.9801"" 5: Rz = 0.9984
5.5
r - w 54
€ 0004 ® s
= Z 53
52
0.002 51
5
0 a9
0 2 4 6 -2 15 1 05 0
1/Ce InCe
Langmuir model Freundlich model
Qe (mg's) K R? n K: R?
4000 3.125 0.9801 2.06 328.6 0.9984
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7 243k 34 ol Fol®= Holglon o AEe A JHE FAstes AAE HERA
o (2 48) wEbd F=5 thEE), Abdsk 8] A" 2Y 52 9e Al w ek &
2 JAVE Ao fEdel sUE =28 ARgo] Ve Ao w JddEn

TE2|ad

a|ayl H| =
(M-lignin) 12 I

1 / (Bead) \

L5 FIAA Fadst ol s fd 28] £5 R 54 B

-2 LREERE T ¥
M-lignin 4 90 87 - - - 163 2868 1.6 24
Bead 2 364 848 - 0.5 - 147 1911 1.6 13
Bead 4 210 876 - 03 - 121 3190 1.8 25

a BET specific surface area.
b Total pore volume determined from the adsorption isotherm at P/PO = 0.99.
¢ Average pore diameter determined by the adsorption data using BJH method.
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Lignins

: $0.2-0.3/kg

Wood powder
: $0.03-0.5/kg

Raw nutshell

: $0.1-0.2/kg

Coal
: $0.002-0.003/kg

Steam or CO, or KOH

Coal-based AC

Lignin-based AC

Wood-based AC

Nutshell-based AC

: $3.0-4.3/kg?
BET SSA: >2800 m?/g

: $1.2-4.5/kg
BET SSA: >950 mzlg BET SSA: >1050 m?/g BET SSA: >950 m2/g

: $1.2-3.4/kg

: $1.2-4.5/kg

*Price information from Alibaba.com

aThe estimated price
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