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Fig.1 Schematic diagram of infiltration device
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Tab. 1 Carbon and oxygen element composition of GO and TGO membranes

FE o (C) /% o (0) /%

GO 64.8 352
TrGO-140 C 68.4 316
TrGO-150 C 70.6 29.4
TrGO-160 C 73.7 26.3

TrGO-170 C 7T 223
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Fig.2 Water contact angle of GO and TrGO
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M 0.55 nm 4L ZE 0.57 nm, BLEHHERIFEEEAE R AR . XUEY GO R E R FE N

0.55 nm I, /K> TARMEBENZ ], BEISBUATTE T HEE R IR RA XRD RALZRIGH
6



GO il TrGO IR JZ 8] FEALFE GO F |2 HJE B0, K ILAEMREMIRAS T, GO. TrGO-140 C.
TrGO-150 ‘C. TrGO-160 “CHl TrGO-170 “C s rha] Fl T 5 15 A U2 A FE 43 7 1.3,
0.97, 0.85, 0.57 #110.23 nm.

4 N\ .} \ GO(0.91 nm/1.64 nm )

~ TrGO-140 °C(0.79 nm/1.31 nm))

- TrGO-150 °C(0.74 nm/1.19 nm )

—AGO-1GO °C(0.68 nm/0.91 nm )
-~ -~
eiiBseoms -

TrGO-170 °C(0.55 nm/0.57 nm

\
5 10 15 20 25
20/(°)
SELATERES, BEONBIERES: BHRHESNE N (PR T EME R E A FEARERES T #EE A 2 5

EDI
Kl 3 GO M abHI [F] 24 2 h 1 TrGO #JE Y XRD i &l
Fig. 3 XRD patterns of GO and TrGO membranes at different heat treatment temperature
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Fig.4 XRD patterns of GO and TrGO membranes at different heat treatment time
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Fig.5 Raman spectra of GO and TrGO membranes
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Fig.6 FESEM images of GO and TrGO membranes
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EBIEN SR, A 3 NHATH AR S5H f i GO MRS EGRIE, S
JEEEFE . ik AR, BIEEHE N T HAME T . Mgl ARTIKE B
ZKT TrGO-160 ‘C-1.5 h HE A RUZEFE (0.65 nm) , FibAAKREBZBE (EKE 6()H
R SRAE IR B KRR B T R AR o« (HRHmae g R H /bR St OKREBE:
0.824 nm) &i%E. 5 TrGO-160 CHRAHMLL, EIAARBURIAIFEAA 057 nm, (HL Rk IF]
—MBHEFIBE. ERFAE T RAERKS, TEI8 IR KA BRI R,
A DU I AR K G BLAR IR, T E MR R A28 08  H BB K H 8 F Ik & H H
BB K, /KA E HREER KK BR IR 3 . /K- [ H AR B B LA B e, FRL BB 2 1)
Bk Gt . BB i Mo 2 5 KRR IR A . E SR8 BT I RS 1 KB E

HIREE ORI AR, [Hitk, 1E6 RUZRIERTsU/N T /K& BARR, AT LA BAEEE] ARYS
BEHRRREE RS R S Mot 2. — WS T KSR, aTLUEE
T AN BIHK A& BN ZEERES, FrLAE TrGO-160 °Cifis i id s M 42 2 — i BH
B IisiE

BbAh, BATEE: 7 REZEEEST LiYMgZ Al Nat/Sre e 8 (| 7(b)) .« X Bk bk
(5 SRR B T (BB R LU . {E TrGO-140 CHfir, Na*. Lit. Mg Fl S”¥#ifefE K
AiBiE, R LitIMg? R Nat/Sr ik BB, Bl 1o AR S R 26 00 A Wi s/
Lit/Mg2*Hl1 Na*/Sr ik £t B Wi A8 k. #E TrGO-160 ‘C-1.5 h it Na*/Sre+ ik Hdt A
175; TM7E Lit/M@? 2= T Mo» IR, KA LiNgE (R TUHBE R I E ToE
THE, R EELFRR M E T RAEE e R o £ TrGO-160 CHEEH, bt HA7
Na*Fl LitH)EiE, MMl Lit/Mg? LA Nat/Sr2 i) i)« X 9 shill 324, miuRZ sk
HARMHE T W

a b
o= 400
'I_= % K* + i+ ot
o TCS 0—%—3\5’” = t t/
_E - Y g\glg 300 /' I
S W o\ - i B ‘E Na‘/sr2t  / ,’
E T i LT <@ £ 200} . f
> -
= 10'31 TrGO-160 °C " QIreO-160 C-1.5 % / d
a 1 » 100 /I I’ Li*/Mg?*
()
£ 10°° ‘ 4 -
o . . .
06 07 08 09 1.0 o F &4
‘ N O
Hydrated Diameter (nm) S L § ;L -3
£ 8 PPN
O O
< N

10



(a) ANFEBEFFE TrGO-140 'C. TrGO-160 ‘C-1.5 h 1 TrGO-160 “C K [K5E M seis, KEOX BN FIRE
TREIAR R 9 100 pg/L;  (b) ARFIEIAEE R Lit/Mg2F1 Na*/Sre+frieBedt, K Xig& xR LT RAE Lt

Na*f)i5i%&
7 BFHSEHEREEE DT

Fig.7 lon permeability and selectivity analysis
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Heat treatment regulates the interlayer spacing of the

graphene oxide membrane and ion sieving

LIN Lingxin, LIU Chang, MA Pengfei, CAO Liuxuan”
(College of Energy, Xiamen University, Xiamen 361102, China)

Abstract: The graphene oxide (GO) membrane is formed by stacking layers, and the channels
formed between the layers provide space for transport of ions and molecules. The GO membrane
can facilitate rapid water transport and excellent ion sieving. However, the interlayer spacing of
the pure GO membrane in solutions is about 1.4 nm, which is enough to transmit most ions, but is
difficult to realize ion sieving. The heat treatment method was used to control the interlayer
spacing of the GO membrane by changing the heat treatment time and temperature, and the
permeability of Cs*, K*, Na*, Li*, Sr?*, Mg?* and AI** in GO membranes with different interlayer
spacing was investigated. The interlayer spacing of the obtained GO membranes in the wet state
was 0.57-1.31 nm. When the interlayer spacing was about 0.55 nm, it was difficult for water
molecules to travel in the membrane. It was found that the ion permeability of GO membranes
with different interlayer spacing was related not only to the hydration diameter of the ions, but
also to the charge and the dehydration of the ions. We have achieved the separation of Li*/Mg**
and Na*/Sr?*, which provides a reference for precise sieving of ions, promotion of lithium
extraction from salt lakes, and nuclear waste liquid treatment.

Keywords: graphene oxide membrane; interlayer spacing; heat treatment; ion permeability
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