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This study aims to recover gold from printed circuit board (PCB) waste water by using
carbonization-modified metal organic framework (CMOF), C-NH>-MIL101(Fe). NH>-MIL101(Fe)
was used as the base material for carbonization, its adsorption and selectivity adsorption capacity
for gold recovery were enhanced, and the characteristics of the material were mostly kept. Firstly,
NH2-MIL101(Fe) was synthesized using Ferric Chloride (FeCls-6H20) and 2-Aminoterephthalic
Acid. In gold adsorption tests, we found that C800-NH>-MIL101(Fe) had better gold adsorption and
selective gold adsorption capability compared to NH>-MIL101(Fe) and other C-NH>-MIL101(Fe)
carbonized in different temperature. Furthermore, the BET analysis discovered that the specific
surface area of C800-NH>-MIL101(Fe) reached 180.9 (m*g), indicating the retention of the original
material characteristics after carbonization. In addition, the XPS analysis confirmed that the
bonding in C800-NH2-MIL101(Fe) changed during carbonization, leading to improved reduction
capabilities. All in all, this study confirms that C800-NH>-MIL101(Fe) is a promising adsorbent
with practical application potential. C800-NH>-MIL101(Fe) can be optimized for production, and

assessed for commercial applications.
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(=) NHx-MIL101(Fe)
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HO
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m MIL-101(Fe)

o

FeCl.6H:0 s
~ K

O 2-amino terephthalic acid

&—2
i 110 C solvothermal
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XPS) - » # % ESCAi (electron spectroscopy for chemical analysis ) » 4 47 #4421 £ & Pt %
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1. -Kiz##  DENG YNG; model: DKW-40

2. /%~ 15 % T [ Ohaus; model: pioneer PA214

3. %45 : DENG YNG; model: DO-60

4, {&i#& & : Hsin Hsin Instruments co. 1td

5. pH % : SUNTEX; model: SP-2300

6. -k %% Millipore; model: Milli-Q

7. z_# #% : Hirschmann; 100, 250 and 500 mL

8. ¢ 3% E% ° Deng Yng; model: D-55

9. &% E *g : Socorex; model: Acura 835 ;1 - 10 mL
10. #.< 1% : Thermo Fisher Scientific; Megafuge 16

11. 423 4 2 ¥ % : GT SONIC model: GT- 2200QTS

()~ RE

1 B B8 & T3k 5 4 5k ¥ &k (Inductively Coupled Plasma-Optical Emission
Spectrometry, ICP-OES) : Agilent Technologies; model: Agilent 720

2. ~E AP R(AF¥TEF AL~ & ~ 5 ~ Fr) : Elementar; model: Vario EL cube

3. 1t % & # 4 17 &k (Specific Surface Area and Porosimetry Analyzer, BET) :
Micromeritics; model: ASAP 2420

4. X A Yest e 47 ik (X-ray Diffractometer, XRD) : Rigaku; model: Ultima IV

5. X sk T 5 it # 4 47 % (X-ray photoelectron spectroscopy, XPS) : ULVAC800-

PHI; model: Quantes
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(=) "E &5
1 W& ARGEEHK)
2. % i“48(= 'k &+ > FeCls » 6H,0) ° 99% : Puriss p.a. (Honeywell)
3. 2-% ¥ F - 7 Bi(2-Aminoterephthalic Acid) * 99% : Puriss p.a. (Sigma Aldrich)
4, £ % > 1000 ug/mL : (AccuStandard)
5 = 7 &7 Ag"=(N,N-dimethylformamide, DMF) > 99.8%:ACS reagent (Honeywell)
6. ¢ % > 99.8% : Puriss p.a. (Honeywell)
7. & % i“4 > 99% : Puriss p.a. (Honeywell)
8. 41 %% > 1000 ng/mL : High Purity Standards
9. 4-&%% > 1000 ng/mL : High Purity Standards
10. 4%4% %% > 1000 ug/mL : High Purity Standards

11. 434 % % > 1000 ug/mL : High Purity Standards

F A s At a

R A Ve NOPY; 4
= AT . #ALIRAF
Bk b ez | (H2MILIOLFE)] 0\ MIL101(Fe)

AR EI

te e 0 4 47 (BET) |

XRD 4% #7

XPS 5547

HALAF AT

S
(- ) NHx-MIL101(Fe)2 & =
L AF§51.3244 g -k £ & 4 (FeCls » 6H0) » #e » 30mL &= 7 47 ppoz
(N,N-dimethylformamide, DMF) 1 "&45 ¢ - ¢ # R {rizn3 -
2. 4v» 0449 g2-F A%H¥ - ¢ f (2-Aminoterephthalic Acid) > &3 A RF T % >

w4
BfE e
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3. BARE~100mL A TP ASB RS Y 5 T r Y R E S A A110°C
F R 20 o]

4, BN RAcy T4 Fr D RIE (S 0 Mg 2 5% (13500 rpm, 3 mins) & B UK A o
i 12 DMF fre i (CoHsOH) 4 &) it #ic=k o

5. HMmlkde o~ M4s 0 0 65°C iz 240 BF > 7 14z ¢ e9 NH2-MIL101(Fe) -

(=) NH>-MIL101(Fe)z g4 it
1. #4700 % 5.2 NH-MILI01(Fe)?z » % i:uf“"‘g" P R R e A B 11400 °C -

600 °C ~ 800 °Cii » § # I§ ¥ A1t > 3742 B3 510 °C/min » T 3583/ pF o

2. % C-NH2-MIL101(Fe) 4 4ris » By fepph v 6 £ € - B S AP T 5

C400-NH>-MIL101(Fe) ~ C600-NH>-MIL101(Fe) ~ C800-NH2-MIL101(Fe) -

() &+ inzR

1.3244 g FeCly-6H,0 KEERE BLOEEEY
30 ml DMF #imEANEEE 13500 rpm, 3 mins
0.449 g NH,-H,BDC 110°C, 20 hrs PIDMFERZ BS B iA IR

[Shb LEER R -
400, 600, 800 °C
3 hrs, rate: 10 °C/min

g sy ederg
65°C, 24 hrs

C-NH,-MIL101

NH,-MIL101

T~ R AR R
(=) P
15 e r gk B it 2. C-NHo-MIL101(Fe)it {7 i 1 ex it F
(=) # &
1 rtdgdok 2 1000 pg/mL £458 el 10 po/ml 2 & £530% > &2 d § 14
AERZPpHEL pH=2-
2. & 3% 50mL > & w4~ 1 mg 2. NH-MIL101(Fe) ~ C400-NH2-MIL101(Fe)
C600-NH,-MIL101(Fe) ~ C800-NH,-MIL101(Fe) i 7 v " 5 o
3. % 30°C iR T 150pm 3k o #FFe s 24 0] pF o
4. TR A dets > 1 ICP-OES A 4940 2 kB o
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I ~RAPEFR %
(= ) C-NH2-MIL101(Fe)¥t % I #| £ & e vif iy 4
1 mags-kz 1000 pg/mL £#Fkpe @ 510~ 15~20 25 ug/mL 2 fF% £7%
o T lEg F CHAFFRpHEL pH=2-
2. BB i S0mL s 4 w4~ 1mg 2. C-NHo-MIL101(Fe)it 7 v 5 o
3. % 30°C Tz 150 rpm #H & o FH S 24 ] o
4, -k A LS 0 12 ICP-OES 4 7% 40 £ kB o

(=) = 5
1 mAg#-kz 1000 pg/ml & rpd 10ugml 2 478 £/ % » X0 § it 4
AR RpH B3I pH=2-
2. M3 A %G 50mL o ¥4 w4~ 1mg 2. NH2-MIL101(Fe) % C-NH2-
MIL101(Fe):& {7 ¥ ¥ ©
3. & 30°C BEET L 150rpm # & o HFH R 4514 21 24 ) pE o
4, B-FR A Hris o 1 ICP-OES A 452 4p &L R -

(2) EH P gERL a)

Lo ovdgsek &b g B SRR £ BER 1S pgmL 2R 2 B
FBR o BEF HPNERRPH 3 pH=2 "
2. #BieA %5 S0mLo £4 %4> 1 mg 2 NH2-MILI0I(Fe) 2 C-NH2-

MIL101(Fe)i& {7 ¥ % «
3. % 30°C R T 150 pm &k o o 24 ] PF o

4,  B-FR A HEts > 11 ICP-OES A 495 4p & & o

() W T+ Ak g Bk R ZER S
LoovAgdek 2 &g s B GRFREWUE EREAS S 11002020
20pg/mL 2R & & i £ r0E § PR pH B3 pH=2
2. HpRs LS S0mL v # o4 w4~ 1mg 2 NH2-MIL101(Fe) 2 C-NH2-
MIL101(Fe)i& {7 & % -
3.t 30°C R T4 1S0rpm ik o FH R 24 ]

4, R A His 0 12 ICP-OES 4 7% 4p £ kB o
13



SRE S
#- C-NH2-MIL101(Fe) » NHo-MIL101(Fe)i& (7 47 1 52445 » & 45 1 A% A4 ~ 3L 2 A

15~ 1 & 6 A $7(BET) ~ X 5440k 5 a0 3 A 45 (XPS) ~ X 550 8 1 $554 A 7 (XRD) o

B2 HR
~ ~ 70 NHp-MIL101(Fe) 5 a4 > 41% % 8 & @ "~ 28 4 I 2 C-NH-MIL101(Fe)
(-) @ 5% %5 & 2 NH-MIL101(Fe)#? C-NH,-MIL101(Fe)

(a) NH-MIL101(Fe)  (b) C400-NH,-MIL101(Fe)

(¢) C600-NH,-MIL101(Fe)  (d) C800-NH,-MIL101(Fe)

- A

B3-1 A5 & 22 (a) NH-MIL101(Fe) (b) C400-NH,-MIL101(Fe)

(¢) C600-NH,-MIL101(Fe) (d) C800-NH,-MIL101(Fe)
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(2) BB £ R ACH
F13-27 5 & fupt i© NH-MIL101(Fe)i A2 ® Hlend £4F 45 » 7 P Al it G4z

W Fapad o Tl vERGAMERY SR £ R BIAEF -
80.0
70.0
60.0
50.0
40.0
30.0 f
20.0 r
10.0

0.0

69.46
60.28

47.79

(%) =%

400 600 800 & A(°C)

BI3-2 gt i~ @At £ £ 423

= ~ i C-NHo-MIL101(Fe)$t 7 e & 8 & crox sipiy 4 foif 5 [ i 4
(=) AP ri Rl
e AR iRl A 2 B % 4o B13-3 0 ¥ 003 T C800-NH2-MIL101(Fe) 7% CMOF * #f &
Bk b 0 i B 52 C600-NH2-MIL101(Fe) ~ C400-NHo-MIL101(Fe) o F]pt 2 ¥
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(=) A
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C800-NH>-MIL101(Fe) 180.9 111.7 0.233 0.045 5.1
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Samples C(%) H(%) O(%) N((%) S(%)
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C400-NH2-MIL101(Fe) 36.3 2.6 18.1 6.4 0.2
C600-NH>-MIL101(Fe) 42.3 14 8.4 3.3 0.2
C800-NH>-MIL101(Fe) 38.7 1.0 5.3 1.2 0.2
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