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Abstract

�UDSKHQH�LV�FXUUHQWO��WKH�KLJKHVW�VWUHQJWK�PDWHULDO��2QO��VLQJOH�OD�HU�WKLFN�JUDSKHQH�KDV�PDQ��H[FHOOHQW�SURSHUWLHV�� ,WV�

emergence�set�off�a�wave�of�research�in�the�scienti�c�community�in�the�early�21st�century.�The�preparation�of�graphene/resin�

QDQRFRPSRVLWHV�E��XVLQJ�JUDSKHQH�DV�D�UHLQIRUFLQJ�PHFKDQLVP�LV�RQH�RI�WKH�UHVHDUFKHV�IRFXVHV��7KH�LQWURGXFWLRQ�RI�JUDSKHQH�

KDV�HQGRZHG�UHVLQ�EDVHG�FRPSRVLWHV�ZLWK�H[FHOOHQW�PHFKDQLFDO� DQG�WKHUPDO�SURSHUWLHV�DV�ZHOO� DV�RSWLFDO�DQG�HOHFWULFDO�

functions.�However,�on�the�one�hand,�the�bulk�preparation�of�graphene�and�its�af�nity�with�resin�have�been�restricting�the�

DSSOLFDWLRQ�RI�JUDSKHQH�LQ�UHVLQ�PDWUL[�FRPSRVLWHV��2Q�WKH�RWKHU�KDQG��DV�DQ� LPSRUWDQW�GHULYDWLYH� LQKHULWLQJ�PRVW�RI� WKH�

mechanical�properties�of�graphene,�graphene�oxide�has�attracted�great�attention�in�the��eld�of�resin-based�composites�due�to�

LWV�ULFK�R[�JHQ�FRQWDLQLQJ�IXQFWLRQDO�JURXSV�RQ�WKH�VXUIDFH�RI�WKH�ODPHOODH�DQG�WKH�VLPSOH�RSHUDELOLW��RI�EDWFK�SUHSDUDWLRQ��

With�the�deepening�of�research,�the�surface�state�of�graphene�oxide�becomes�more�and�more�dif�cult�to�meet�the�increasing�

DSSOLFDWLRQ�QHHGV��,Q�RUGHU� WR�DFKLHYH�KLJKHU�SHUIRUPDQFH�JUDSKHQH�R[LGH�UHVLQ�FRPSRVLWHV��LW�LV�QHFHVVDU��WR�PRGLI��WKH�

VXUIDFH�RI�JUDSKHQH�R[LGH�WR�REWDLQ�EHWWHU�LQWHUIDFH�SHUIRUPDQFH��DQG�WKH�SUHVHQFH�RI�D�ODUJH�QXPEHU�RI�IXQFWLRQDO�JURXSV�

also�provides�the�possibility�for�its�surface�modi�cation.
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1.�INTRODUCTION

Resin-based�nanocomposites�are�different�from�traditional��ber-reinforced�composites�in� that�they�are�composited�by�a�

QDQR�VFDOH�GLVSHUVHG�SKDVH�ZLWK�D�UHVLQ�PDWUL[�RI�OHVV�WKDQ�����QP���W�WKH�VDPH�WLPH��GXH�WR�WKH�XQLTXH�PHFKDQLFDO��WKHUPDO�DQG�

photoelectric�properties,�large�speci�c�surface�area�and�strong�surface�activity�of� the�doped�nanoparticles,�these�nanoparticles�

are�dispersed�in�the�resin�matrix.�Through�the�so-called�“nanometer�effect”��@��LW�FDQ�SURGXFH�VWURQJ�LQWHUDFWLRQ�ZLWK�WKH�PDWUL[�

DW� WKH�PLFUR�VFDOH��VR�DV�WR�JUHDWO��LPSURYH�WKH�VWUHQJWK��KHDW�UHVLVWDQFH�DQG�RWKHU�SURSHUWLHV�RI�WKH�FRPSRVLWH�PDWHULDO�ZLWK�D�

���������������������������7KH��XWKRU�V��������Open�Access�7KLV�DUWLFOH�LV�XQGHU�WKH�WHUPV�RI�&UHDWLYH�&RPPRQV��WWULEXWLRQ����

� � � � � � � � � � � � � � � � � ,QWHUQDWLRQDO� /LFHQVH� �KWWSV���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E���������ZKLFK� SHUPLWV� XQUHVWULFWHG�XVH��

VKDULQJ��DGDSWDWLRQ��GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�LQ�DQ��PHGLXP�RU�IRUPDW��DV�ORQJ�DV��RX�JLYH�DSSURSULDWH�FUHGLW�WR�WKH�RULJLQDO�

DXWKRU�V��DQG�WKH�VRXUFH��SURYLGH�D�OLQN�WR�WKH�&UHDWLYH�&RPPRQV�OLFHQVH��DQG�LQGLFDWH�LI�FKDQJHV�ZHUH�PDGH��
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YHU��VPDOO�DPRXQW�RI�DGGLWLRQ��DQG�JLYH�WKH�PDWUL[�PDWHULDO�VRPH�RWKHU�QHZ�IXQFWLRQV�VXFK�DV�HOHFWULFDO�SURSHUWLHV��7KHUHIRUH��

UHVLQ�EDVHG�QDQRFRPSRVLWHV�KDYH�WKH�FKDUDFWHULVWLFV�RI�KLJK�VWUHQJWK��KLJK�WKHUPDO�VWDELOLW��DQG�H[FHOOHQW�IXQFWLRQDOLW���DQG�DUH�

easier�to�process�and�more�ef�cient�than�traditional�composites.�These�advantages�make�resin-based�nanocomposites�show�great�

GHYHORSPHQW�SRWHQWLDO�DQG�EURDG�DSSOLFDWLRQ�SURVSHFWV��@�

7KH� GHYHORSPHQW� RI�QDQRPHWHU� UHLQIRUFHPHQW� LV� WKH�PDLQ� IDFWRU� OHDGLQJ� WKH� UHVHDUFK�GLUHFWLRQ�RI� UHVLQ�EDVHG�

QDQRFRPSRVLWHV��7KH�FRPPRQO��XVHG�QDQRPDWHULDOV�FDQ�EH�GLYLGHG�LQWR�SRO�PHU�DQG�LQRUJDQLF�QDQR�SDUWLFOHV��ZLWK� WKH�ODWWHU�

EHLQJ�WKH�PDLQ�RQH���PRQJ�WKH�LQRUJDQLF�QDQR�SDUWLFOHV��LQ�DGGLWLRQ�WR�WKH�PRUH�FRPPRQ�VLOLFD��6L2����WLWDQLXP�GLR[LGH��7L2���

DQG�RWKHU�R[LGHV�DQG�FOD��PDWHULDOV��VXFK�DV�ODPHOODU�PRQWPRULOORQLWH��QHHGOH�VWLFN�DWWDSXOJLWH��HW�����WKH�ODUJH�IDPLO��RI�FDUERQ�

PDWHULDOV�LV�D�FODVV�RI�YHU��DWWUDFWLYH�DGYDQFHG�QDQRPDWHULDOV�� ,W�FRYHUV�D�VHULHV�RI�PDWHULDOV�FRYHULQJ�PXOWLSOH�VFDOHV��VXFK�DV�

zero-dimensional�fullerene�(C60),�one-dimensional�carbon�nanotubes�and�carbon�nano�bers,�two-dimensional�graphene,�three-

GLPHQVLRQDO�GLDPRQG�DQG�JUDSKLWH��DQG�KDV�EHHQ�ZLGHO��VWXGLHG�DQG�UHSRUWHG��(VSHFLDOO��JUDSKHQH��DV�WKH�PDWHULDO�ZLWK�WKH�

KLJKHVW�VWUHQJWK�NQRZQ�LQ�QDWXUH��KDV�ERWK�KLJK�WKHUPDO�FRQGXFWLYLW��DQG�H[FHOOHQW�HOHFWURQLF�WUDQVSRUW�SURSHUWLHV���IWHU�FDUERQ�

QDQRWXEHV��LWV�DSSHDUDQFH�RQFH�DJDLQ�VHW�RII�D�ZDYH�RI�UHVHDUFK�RQ�UHVLQ�EDVHG�QDQRFRPSRVLWHV�

2.�GRAPHENE�AND�GRAPHENE�OXIDE

�UDSKHQH�LV�D�WZR�GLPHQVLRQDO�FDUERQ�QDQRPDWHULDO�ZLWK�D�VLQJOH�DWRPLF�OD�HU�WKLFNQHVV��,WV�WUXH�GLVFRYHU��DQG�SUHSDUDWLRQ�

VWDUWHG�LQ��������HLP�HW�DO��IURP�WKH�VFKRRO�RI�SK�VLFV�DW� WKH�XQLYHUVLW��RI�0DQFKHVWHU��8QLWHG�.LQJGRP��REWDLQHG�D�SHUIHFW�

VLQJOH�OD�HU�JUDSKHQH�E��UHSHDWHGO��WDSLQJ�DQG�SHHOLQJ�WKH�JUDSKLWH��@��6LQFH�JUDSKHQH�KDV�H[FHOOHQW�HOHFWULFDO��PHFKDQLFDO�DQG�

thermal�properties,�its�appearance�in�the��eld�of�nanomaterials�has�caused�a�great�disturbance,�which�has�also�led�to�the�rapid�

GHYHORSPHQW�RI�UHVLQ�EDVHG�QDQRFRPSRVLWHV��+RZHYHU��LW� LV�QRW�HDV��WR�SUHSDUH�VXFK�LGHDO�QDQRPDWHULDOV�LQ�ODUJH�TXDQWLWLHV�WR�

meet�the�needs�of�composite��llers�and�the�integrity�of�the�graphene�carbon�structure�makes�it�dif�cult�to�achieve�in�ltration�

between�it�and�the�resin�matrix,�which�greatly�restricted�the�development�of�graphene� in�the��eld�of�resin-based�composite�

materials�and�the��nal�properties�of�composite�materials.�At�the�same�time,�another�material�that�belongs�to�the�carbon�family�

that�has�not�received�much�attention�for�years�has�gradually�entered�the�researcher’s��eld�of�vision,�and�this�is�graphite�oxide.�

The�rapid�increase�in�the�research�interest�of�graphite�oxide�in�academic��elds�is�due�to�the�close�relationship�with�graphene.�

%��R[LGL]LQJ�JUDSKLWH��D�WUDGLWLRQDO�PDWHULDO��D�ODUJH�QXPEHU�RI�R[LGL]LQJ�IXQFWLRQDO�JURXSV�FDQ�EH�LQWHUFDODWHG�LQWR�WKH�JUDSKLWH�

OD�HUV��7KH�SURFHVV�LV�VLPSOH��LQH[SHQVLYH�DQG�KDV�EHHQ�XVHG�LQ�LQGXVWU��IRU�QHDUO��KDOI�D�FHQWXU���7KH�PRVW�LPSRUWDQW�WKLQJ�LV�

WKDW�WKLV�ORZ�FRVW�JUDSKLWH�R[LGH�FDQ�EH�HDVLO��VWULSSHG�RXW�RI�D�VLQJOH�OD�HU�FDUERQ�PDWHULDO�FORVHU�WR�JUDSKHQH��WKDW�LV��JUDSKHQH�

R[LGH��E��VLPSOH�XOWUDVRQLF�WUHDWPHQW�LQ�ZDWHU�RU�D�VROYHQW�

The�signi�cance�of�graphene�oxide�is� that�it�can�prepare�graphene-like�materials�in�batches�with�a�simple�and�low-cost�

process.�The�reason�why�such�materials� (including�graphene�oxide� and�its�reduced�derivatives)�are�called�“graphene�like�

materials”�is�that�in�the�process�of�oxidation,�the�intervention�of�oxidation�functional�groups�has�caused�damage�to�the�aromatic�

ULQJ�VWUXFWXUH�RI�JUDSKHQH�ODPHOODH�DQG�LQWURGXFHG�VRPH�GHIHFWV��ZKLFK�PD��OHDG�WR�PRUH�RU�OHVV�ORVV�RI�WKH�SHUIHFW�SHUIRUPDQFH�

RI�JUDSKHQH��%HFDXVH�RI� WKH�SUHVHQFH�RI�WKHVH�R[�JHQ�FRQWDLQLQJ�IXQFWLRQDO�JURXSV��DQRWKHU� LPSRUWDQW�SURSHUW��RI�JUDSKHQH�

oxide�is�its�chemical�af�nity�with�the�resin�matrix.�In�other�words,�because�of�the�similarity�of�the�main�carbon�structure,�while�

PDLQWDLQLQJ�PRVW�RI�WKH�H[FHOOHQW�SK�VLFDO�SURSHUWLHV�RI�JUDSKHQH��JUDSKHQH�R[LGH�DOVR�KDV�D�ODUJH�QXPEHU�RI�UHDFWLYH�IXQFWLRQDO�

groups�that�graphene�does�not�have.�The��eld�of�matrix�composite�materials�is�of�great�practical�value.

�����WUXFWXUH�D�G�3URSHUWLHV�RI��UDSKH�H

,Q�IDFW��JUDSKHQH�KDV�EHHQ�UHJDUGHG�DV�D�SHUIHFW�LGHDO�PRGHO�E��WKH�DFDGHPLD�IRU�GHFDGHV�EHIRUH�LWV�ELUWK��DQG�LW�KDV�EHHQ�

FRQVLGHUHG�LPSRVVLEOH� WR�H[LVW�VWDEO��IRU�D�ORQJ�WLPH��6XFK�XOWUD�WKLQ�PDWHULDOV�DUH�H[WUHPHO��SURQH�WR�FXUOLQJ�DQG�ODPLQDWLRQ�

and�evolve�into�other�carbon�materials.�Until�Geim’s�group�formally�con�rmed�its�existence�experimentally��@��WKXV�OHDGLQJ�WKH�

DUULYDO�RI�WKH�JUDSKHQH�HUD�

�UDSKHQH�EHORQJV�WR�D�W�SLFDO�WZR�GLPHQVLRQDO�KRQH�FRPE�FDUERQ�QHWZRUN�VWUXFWXUH��,W�FRQVLVWV�RI�VL[�PHPEHUHG�FDUERQ�

ULQJV�WKDW�DUH�FORVHO��DUUDQJHG�SHULRGLFDOO��LQ� WKH�SODQH��DQG�WKH� FDUERQ�DWRPV�DUH�FRQQHFWHG�E��VS��K�EULG�RUELWDOV��6LQFH�

JUDSKHQH�KDV�RQO��RQH�FDUERQ�DWRP�OD�HU��LWV�WKLFNQHVV�LV�RQO��DERXW�����QP��DV�VKRZQ�LQ�)LJXUH���D��DQG�E����W�WKH�VDPH�WLPH��

JUDSKHQH�LV�FRQVLGHUHG�DV�WKH�EDVLF�FRQVWLWXHQW�XQLW� RI�RWKHU�FDUERQ�PDWHULDOV��7KH�VFKHPDWLF�GLDJUDP�RI�)LJXUH���F��VKRZV�
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WKH�VWUXFWXUDO�HYROXWLRQ�RI�JUDSKHQH�WR�RWKHU�FDUERQ�PDWHULDOV��,W�FDQ�EH�UROOHG�LQWR�D�]HUR�GLPHQVLRQDO�IXOOHUHQH�&����,I�UROOHG�

LQWR�D�F�OLQGULFDO�VKDSH��LW� IRUPV�D�WZR�GLPHQVLRQDO�FDUERQ�QDQRWXEH��7KH�OD�HUV�DUH�VWDFNHG�RQ�HDFK�RWKHU� WKURXJK�D�ZHDN�

LQWHUPROHFXODU�LQWHUDFWLRQ��9DQ�GHU�:DDOV�IRUFH���ZKLFK�LV�D�WKUHH�GLPHQVLRQDO�JUDSKLWH�VWUXFWXUH�

�����������������

� � ������������D��WKH�FDUERQ�QHWZRUN�RI�JUDSKHQH�������������������������������������E���)0�LPDJHV�RI�JUDSKHQH

F��JUDSKHQH�LV�WKH�SDUHQW�PDWHULDO�RI�DOO�JUDSKLWLF�IRUPV

�LJXUH���7KH�VWUXFWXUH�RI�JUDSKH�H�D�G�LWV�UH�DWLR�VKLS�ZLWK�RWKHU�FDUER��PDWHULD�V

2.2�Structure�and�Properties�of�Graphene�Oxide

�UDSKHQH�R[LGH��DV�LWV�QDPH�LPSOLHV��LV�FRPSRVHG�RI�D�ODUJH�QXPEHU�RI�R[LGL]HG�IXQFWLRQDO�JURXSV�FRQQHFWHG�WR�WKH�PDLQ�

VWUXFWXUH�RI�JUDSKHQH��+RZHYHU��JUDSKHQH�R[LGH�LV� DOVR�DQ�DPRUSKRXV�DQG�QRQ�VWRLFKLRPHWULF�DWRPLF�FRPSRQHQW�PDWHULDO��

ZKLFK�FDXVHV�JUHDW�GLIIHUHQFHV�EHWZHHQ�LQGLYLGXDO�PDWHULDOV��,Q�DGGLWLRQ�WR�WKH�ODFN�RI�HIIHFWLYH�PHDQV�RI�FKDUDFWHUL]DWLRQ��WKH�

debate�over�its�accurate�chemical�structure�has�never�stopped�for�years,�and�has�not�yet�formed�a�uni�ed�conclusion��@�

(YHQ�VR��LQ�WKH�SURFHVV�RI�EXLOGLQJ�WKH�JUDSKHQH�R[LGH�VWUXFWXUH�PRGHO��UHVHDUFKHUV�KDYH�DFKLHYHG�JUHDW�VXFFHVV��(DUOLHU�

VWXGLHV�RQ�WKH�VWUXFWXUH�RI�JUDSKHQH�R[LGH�EHOLHYHG�WKDW�LW�ZDV�D�UHJXODU�ODWWLFH�FRPSRVHG�RI�GLVFRQWLQXRXV�UHSHDWLQJ�XQLWV��DQG�

UHFHQW� UHVHDUFK�UHVXOWV�KDYH�IDYRUHG�QRQ�VWRLFKLRPHWULF�PRGHOV��@��7KH�IROORZLQJ�DUWLFOH�ZLOO�IRFXV�RQ�WZR�W�SHV�RI�JUDSKHQH�

R[LGH�VWUXFWXUDO�PRGHOV��QDPHO��WKH�/HUI�.OLQRZVNL�PRGHO�DQG�WKH�2��EZ�2�PRGHO�

7KH�VWUXFWXUDO�GLIIHUHQFH�EHWZHHQ�JUDSKHQH�DQG�JUDSKHQH�R[LGH�GHWHUPLQHV�WKDW�JUDSKHQH�R[LGH�FDQQRW�IXOO��LQKHULW�WKH�

properties�of�graphene.�The��rst�is�the�difference�in�conductivity.�The�introduction�of�oxidized�functional�groups�has�led�to�

WKH�WUDQVIRUPDWLRQ�RI�VRPH�VS��VWUXFWXUHV�RI�JUDSKHQH�WR�VS��VWUXFWXUHV��ZKLFK�JUHDWO��UHGXFHV�WKH�FRQGXFWLYLW��RI�JUDSKHQH�

R[LGH��6HFRQG�� WKH�SUHVHQFH�RI�R[�JHQ�FRQWDLQLQJ� IXQFWLRQDO�JURXSV�DOVR�PDNHV�JUDSKHQH�R[LGH� VDFULILFH�KHDW� VWDELOLW���

:KHQ�KHDWHG� WR�DERXW�����&�XQGHU�DLU�RU�YDFXXP�FRQGLWLRQV��DQ� LQFUHDVH�LQ� WKH�&�2�UDWLR�FDQ�EH�FOHDUO��GHWHFWHG��ZKLFK�

PHDQV�WKDW� WKH�GHFRPSRVLWLRQ�RI�WKH�R[LGDWLYH�IXQFWLRQDO�JURXS�KDV�RFFXUUHG��7KHUHIRUH��UHGXFWLRQ�RI�JUDSKHQH�R[LGH�WR�

repair�broken�carbon�structures�is�also�one�of� the�current�research�hotspots� in�the�graphene��eld��@��2Q� WKH�RWKHU�KDQG��WKH�

K�GURSKLOLF�IXQFWLRQDO�JURXSV�RQ�WKH�VXUIDFH�RI�JUDSKHQH�R[LGH�FKDQJH�WKH�K�GURSKRELF�SURSHUWLHV�RI�JUDSKHQH�DQG�EHFRPH�

HDVLO��GLVSHUVHG�LQ�DTXHRXV�VROXWLRQ��3DUHGHV�HW�DO��VWXGLHG�WKH�GLVSHUVLELOLW��RI�JUDSKHQH�R[LGH�LQ����RUJDQLF�VROYHQWV� DQG�

FRQFOXGHG�WKDW�JUDSKLWH�R[LGH�FDQ�IRUP�D�ORQJ�WHUP�VWDEOH�GLVSHUVLRQ�LQ�D�YDULHW��RI�RUJDQLF�VROYHQWV�DQG�FDQ�EH�VWULSSHG�LQWR�

D�VLQJOH�OD�HU�RI�R[LGDWLRQ�LQ�VROXWLRQ���UDSKHQH�XQGRXEWHGO��KDV�D�SRVLWLYH�LPSDFW�RQ�WKH�DSSOLFDWLRQ�RI�JUDSKHQH�R[LGH�LQ�

UHVLQ�EDVHG�FRPSRVLWHV��@�
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2.3�Preparation�of�Graphene�Oxide

7KH�PRVW�FULWLFDO�VWHS�LQ�WKH�SUHSDUDWLRQ�RI�JUDSKHQH�R[LGH�LV�WKH�SUHSDUDWLRQ�RI�JUDSKLWH�R[LGH���IWHU�WKDW��D�VLQJOH�OD�HU�

RI�JUDSKHQH�R[LGH�FDQ�EH�SHHOHG�RII�E��XOWUDVRQLF�RVFLOODWLRQ�LQ�ZDWHU�RU�DQ�RUJDQLF�VROYHQW��7KH�VWXG��RI�JUDSKLWH�R[LGH�ZDV�

DFFRPSDQLHG�E��WKH�VWXG��RI�JUDSKLWH�VWUXFWXUH�DV�HDUO��DV�������HDUV�DJR��@���IWHU�PRUH�WKDQ�RQH�KXQGUHG��HDUV�RI�GHYHORSPHQW��

WKUHH�PRUH� UHSUHVHQWDWLYH�H[DPSOHV�RI�JUDSKLWH�R[LGH�SUHSDUDWLRQ�PHWKRGV�KDYH�DSSHDUHG��QDPHO��WKH�%URGLH�PHWKRG�� WKH�

6WDXGHQPDLHU�PHWKRG��DQG�WKH�+XPPHUV�PHWKRG���OWKRXJK�PDQ��QHZ�SUHSDUDWLRQ�PHWKRGV�KDYH�EHHQ�SURSRVHG�VLQFH�WKHQ��WKH�

FRUH�LV�VWLOO�EDVHG�RQ�WKH�LPSURYHPHQWV�PDGH�E��WKHVH�PHWKRGV��VR�WKH�SUHSDUDWLRQ�RI�JUDSKLWH�R[LGH�LV�VWLOO�GRPLQDWHG�E��WKHVH�

WKUHH�PHWKRGV��7KH�PRVW�FODVVLF�DQG�FRPPRQO��XVHG�LV�WKH�+XPPHUV�PHWKRG��ZKLFK�DSSHDUHG�LQ������

����%URGLH�PHWKRG��%URGLH��D�%ULWLVK�FKHPLVW��DGGHG�SRWDVVLXP�FKORUDWH� �.&O2���WR� WKH�VOXUU��PL[HG�ZLWK�JUDSKLWH�DQG�

IXPLQJ�QLWULF�DFLG��+12���WR�VWXG��WKH�UHDFWLYLW��RI�ODPHOODU�JUDSKLWH��DQG�REWDLQHG�JUDSKLWH�R[LGH�ZLWK�FKHPLFDO�HOHPHQWV�RI�

&��+��2�DQG�PROHFXODU�IRUPXOD�RI�&����+����2������+H�DOVR�SRLQWHG�RXW�WKDW�WKLV�NLQG�RI�R[�JHQ�IRVVLO�LQN�LV�VROXEOH�LQ�QHXWUDO�DQG�

DONDOLQH�ZDWHU��EXW�QRW�LQ�DFLG�PHGLXP�

����6WDXGHQPDLHU�PHWKRG��)RUW���HDUV�ODWHU��6WDXGHQPDLHU�LPSURYHG�WKH�SUHSDUDWLRQ�PHWKRG�RI�%URGLH�V�SRWDVVLXP�FKORUDWH�

IXPLQJ�QLWULF�DFLG��,Q� WKH�R[LGDWLRQ�SURFHVV��KH�DGGHG�SRWDVVLXP�FKORUDWH�WR� WKH�UHDFWLRQ�V�VWHP�LQ�EDWFKHV�LQVWHDG�RI�RQFH�

DGGLQJ�LW�DFFRUGLQJ�WR�%URGLH�PHWKRG��DQG�DGGHG�FRQFHQWUDWHG�VXOIXULF�DFLG�WR�WKH�V�VWHP�WR�LQFUHDVH�WKH�DFLGLW��RI�WKH�PL[WXUH��

7KH�R[LGDWLRQ�GHJUHH�RI�JUDSKLWH�R[LGH�SUHSDUHG�E��WKLV�PHWKRG�LV�FORVH�WR�WKDW�RI�%URGLH�PHWKRG��7KH�&�2�UDWLR�LV�DERXW������

EXW�LW�LV�PRUH�RSHUDEOH�

����+XPPHUV�PHWKRG���QRWKHU�����HDUV� ODWHU��+XPPHUV�DQG�2IIHPDQ�SURSRVHG�DQRWKHU�PHWKRG� WR�SUHSDUH�JUDSKLWH�

R[LGH���@��8VLQJ�SRWDVVLXP�SHUPDQJDQDWH��.0Q2����FRQFHQWUDWHG�VXOIXULF�DFLG��+�62���DQG�VRGLXP�QLWUDWH� �1D12���WR� UHDFW�

ZLWK�JUDSKLWH��WKH��DOVR�REWDLQHG�JUDSKLWH�R[LGH�ZLWK�VLPLODU�R[LGDWLRQ�GHJUHH��7KLV�PHWKRG�LV�WKH�PRVW�SRSXODU�PHWKRG�IRU�WKH�

SUHSDUDWLRQ�RI�JUDSKLWH�R[LGH�

,W�VKRXOG�EH�QRWHG�WKDW�WKH�GLIIHUHQFH�RI�UHDFWLRQ�SURGXFWV�RI�JUDSKLWH�R[LGH�LV�YHU��ODUJH��DQG�HYHQ�WKH�UHDFWLRQ�UHVXOWV�RI�

GLIIHUHQW�EDWFKHV�RI� WKH�VDPH�PDWHULDO�DQG�WKH�VDPH�SURFHVV�ZLOO�KDYH�VOLJKW�GLIIHUHQFH�RI�R[LGDWLRQ�GHJUHH��7KLV� LV�EHFDXVH�

WKH�SURGXFW�TXDOLW��RI�JUDSKLWH�R[LGH�GHSHQGV�QRW�RQO��RQ�WKH�R[LGDQW��EXW�DOVR�RQ�WKH�UDZ�JUDSKLWH� DQG�UHDFWLRQ�FRQGLWLRQV��

7KHUHIRUH�� LQ�WKH�SUHSDUDWLRQ�SURFHVV�� WKH� UHDFWLRQ�FRQGLWLRQV�PXVW�EH�VWULFWO��FRQWUROOHG�DQG� WKH�PDWHULDOV�XVHG�EHWZHHQ�

different�batches�must�be�uni�ed�to�minimize�the��uctuation�of�product�structure�and�properties.

3.�PREPARATION�AND�CHARACTERIZATION�OF�GRAPHENE�OXIDE�AND�EPOXY�RESIN�COMPOSITES

7KH�VXUIDFH�RI�JUDSKHQH�R[LGH���2��FRQWDLQV�D�ODUJH�QXPEHU�RI�R[�JHQ�FRQWDLQLQJ�IXQFWLRQDO�JURXSV��DQG�LW�LV�HDV��WR�KDYH�

a�certain�af�nity�with�the�resin�matrix.�The�existence�of�these�oxygen-containing�functional�groups�provides�active�sites�for�the�

GHVLJQ�RI�WKH�JUDSKHQH�VXUIDFH�FKHPLFDO�VWUXFWXUH��7KHUHIRUH��WKH�SUHSDUDWLRQ�RI�JUDSKHQH�R[LGH�LV�WKH�VWDUWLQJ�SRLQW�RI�WKLV�VWXG���

In�this�chapter,�a�modi�ed�Hummers�method�is�used�to�prepare�graphene�oxide,�and�graphene�oxide/epoxy� resin�composites�

DUH�SUHSDUHG�E��LQ�VLWX�SRO�PHUL]DWLRQ���V�D�NLQG�RI�FDUERQ�PDWHULDO��JUDSKHQH�LWVHOI�DQG�LWV�GHULYDWLYHV�KDYH�FKDUDFWHULVWLF�

peaks�in�the�Raman�spectrum�that�re�ect�structural�characteristics.�The�differences�and�changes�in�these�characteristic�peaks�

FDQ�EH�XVHG�WR�VWXG��WKH�VWUXFWXUDO�GLIIHUHQFHV�DQG�HYROXWLRQ��HYHQ�WKH�DELOLW��WR�PRQLWRU�H[WHUQDO� ORDGV�RQ�JUDSKHQH��5DPDQ�

VSHFWURVFRS��ZLOO�EH�DQ�HIIHFWLYH�WRRO�WR�KHOS�XV�EHWWHU�XQGHUVWDQG�WKH�GLVSHUVLRQ�DQG�LQWHUIDFLDO�VWDWH�RI�JUDSKHQH�LQ� UHVLQV��

7KHUHIRUH��LQ�WKLV�FKDSWHU��5DPDQ�VSHFWURVFRS��ZLOO�EH�XVHG�WR�VWXG��WKH�5DPDQ�FKDUDFWHULVWLFV�RI�JUDSKHQH�R[LGH�DQG�FRPSRVLWH�

materials�in�detail,�including�the�in�uence�of�incident�laser�energy,�continuous�irradiation�time,�and�external�load�on�the�Raman�

FKDUDFWHULVWLF�SHDNV�RI�JUDSKHQH�R[LGH�

3.1�Preparation�of�Graphene�Oxide�and�Composite�Materials

7KH�JUDSKHQH�R[LGH�ZDV�SUHSDUHG�XVLQJ�DQ�LPSURYHG�+XPPHUV�PHWKRG��%DVHG�RQ� WKH�RULJLQDO�+XPPHUV�PHWKRG�� WKH�

proportions�of�reactants�and�the�use�of�solvents�were�appropriately�adjusted.�The�speci�c�preparation�process�was�as�follows:�

����P/�RI� FRQFHQWUDWHG�VXOIXULF�DFLG�DQG�����J�RI�VRGLXP�QLWUDWH��1D12���LV�DGGHG�WR�FRQFHQWUDWHG�VXOIXULF�DFLG���IWHU�LW�LV�

GLVVROYHG��WKH�EHDNHU�FRQWDLQLQJ�WKH�UHDFWDQW�LV�SODFHG�LQ�DQ�LFH�EDWK�DQG�VXEMHFWHG�WR�FRQWLQXRXV�PDJQHWLF�VWLUULQJ��DQG�WKHQ���

J�RI�UDZ�JUDSKLWH�LV�DGGHG���V�WKH�R[LGDWLRQ�RI�JUDSKLWH�LV�D�YLROHQW�FKHPLFDO�UHDFWLRQ�SURFHVV��LW�ZLOO�UHOHDVH�D�ORW�RI�KHDW�LQ�DQ�

LQVWDQW��VR�WKH�HQWLUH�R[LGDWLRQ�SURFHVV�PXVW�EH�NHSW�LQ�DQ�LFH�EDWK��7KH�PDLQ�R[LGDQW��SRWDVVLXP�SHUPDQJDQDWH��.0Q2������J���
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VKRXOG�EH�DGGHG�RQH�E��RQH�RYHU�VHYHUDO�KRXUV�DQG�WKH�WHPSHUDWXUH�RI�WKH�UHDFWLRQ�V�VWHP�VKRXOG�EH�FRQWUROOHG�EHORZ�����&�

WR�DYRLG�H[SORVLRQ�FDXVHG�E��WRR�IDVW�UHDFWLRQ�VSHHG���IWHU� WKH�DGGLWLRQ�RI�SRWDVVLXP�SHUPDQJDQDWH�� WKH�UHDFWLRQ�V�VWHP�ZDV�

FRQWLQXRXVO��VWLUUHG�LQ�DQ�LFH�EDWK�IRU���K���IWHU�WKDW��LW�ZDV�UHPRYHG�IURP�WKH�LFH�EDWK��DQG�KHDWHG�WR�����&�DV�DSSURSULDWH��7KH�

VWLUULQJ�ZDV�FRQWLQXHG�DW�WKLV�WHPSHUDWXUH�IRU���K���W�WKLV�WLPH��WKH�UHDFWLRQ�V�VWHP�ZDV�EODFN�DQG�YLVFRXV������P/�RI�GLVWLOOHG�

ZDWHU�ZDV�VORZO��DGGHG��7KH�WHPSHUDWXUH�RI� WKH�V�VWHP�LQFUHDVHG�FRQWLQXRXVO��ZLWK�WKH�DGGLWLRQ�RI�GLVWLOOHG�ZDWHU��:KHQ�WKH�

WHPSHUDWXUH�URVH�WR�������&��LW�ZDV�VWLUUHG�DW�WKLV�WHPSHUDWXUH�IRU����PLQXWHV��DQG�WKHQ�����P/�RI�GLVWLOOHG�ZDWHU�ZDV�DGGHG��

7KH�WHPSHUDWXUH�RI�WKH�V�VWHP�EHJDQ�WR�GHFUHDVH��DQG�LW�ZDV�DOORZHG�WR�UHDFW�IRU���K�����J�RI�K�GURJHQ�SHUR[LGH�VROXWLRQ�ZDV�

VORZO��DGGHG��:LWK�WKH�JHQHUDWLRQ�RI�EXEEOHV��WKH�UHDFWLRQ�VROXWLRQ�JUDGXDOO��WXUQV�JROGHQ��HOORZ���IWHU�VWLUULQJ�IRU���KRXUV��

WKH�UHDFWLRQ�LV�FRPSOHWHG��7KH�UHDFWLRQ�VROXWLRQ�ZDV�GLYLGHG�LQWR�VL[�����P/�FHQWULIXJH�ERWWOHV�DQG�FHQWULIXJHG�DW������USP�IRU�

���PLQ���IWHU�WKH�VXSHUQDWDQW�ZDV�GLVFDUGHG��WKH� UHDFWLRQ�ZDV�ZDVKHG�UHSHDWHGO��ZLWK�����P/�RI�FOHDQLQJ�VROXWLRQ��GLVWLOOHG�

ZDWHU�����ZW��FRQFHQWUDWHG�VXOIXULF�DFLG�������ZW��K�GURJHQ�SHUR[LGH���7KH�SURGXFW�ZDV�UHPRYHG����WLPHV�WR�UHPRYH�H[FHVV�

SRWDVVLXP�SHUPDQJDQDWH�DQG�R[LGDWLRQ�SURGXFW�LPSXULWLHV��GXULQJ�ZKLFK�WKH�VROLG�SURGXFW�ZDV�H[WUDFWHG�E��FHQWULIXJDWLRQ�DW�

�����USP�IRU����PLQ���IWHU�ZDVKLQJ�ZLWK�GLVWLOOHG�ZDWHU����WLPHV�XQWLO�WKH�S+�RI�WKH�VROXWLRQ�ZDV����WKH�VROXELOLW��RI�JUDSKHQH�

LQ�WKH�QHXWUDO�DTXHRXV�VROXWLRQ�LQFUHDVHG��DQG�WKH�FHQWULIXJDWLRQ�UDWH�ZDV�LQFUHDVHG�WR������USP�IRU����PLQ���IWHU�WKH�WZR�VWDJH�

FOHDQLQJ�SURFHVV�ZDV�FRPSOHWHG��WKH�VOXUU��OLNH�SURGXFW�ZDV�GLVVROYHG�LQ�GLVWLOOHG�ZDWHU�DQG�FHQWULIXJHG�DJDLQ�DW������USP�IRU�

��PLQXWHV�DW�D�ORZ�VSHHG��7KH�VROLG�LPSXULWLHV�GHSRVLWHG�DUH�GLVFDUGHG�DQG�WKH�XQLIRUP�GDUN�EURZQ�JR�VROXWLRQ�LV�UHWDLQHG��6R�

IDU��WKH�JUDSKHQH�R[LGH�KDV�EHHQ�SUHSDUHG�LQ�WKH�IRUP�RI�DQ�DTXHRXV�VROXWLRQ��7KH�DTXHRXV�VROXWLRQ�ZLOO�EH�XVHG�LQ�WZR�SDUWV��

2QH�SDUW�ZLOO�EH�GLUHFWO��VWRUHG�LQ�WKH�DTXHRXV�VROXWLRQ�DIWHU�WKH�FRQFHQWUDWLRQ�LV�PHDVXUHG�DQG�SUHSDUHG�IRU�IXUWKHU�SURFHVVLQJ��

7KH�RWKHU�SDUW�LV�FHQWULIXJHG�DW������USP�IRU���PLQXWHV�DQG�WKH�VROLG�SURGXFW�LV�DW�����&��,W�ZDV�GULHG�XQGHU�YDFXXP�IRU����K�WR�

obtain�solid�thin��lm-like�graphene�oxide.

3.2�Effect�of�Post-Curing�Temperature�on�Graphene�Oxide

��ODUJH�QXPEHU�RI�UHVHDUFK�UHVXOWV�KDYH�IRXQG�WKDW�WKH�VWUXFWXUH�RI�JUDSKHQH�R[LGH�LV�VHQVLWLYH�WR�WHPSHUDWXUH�GXH�WR�WKH�

H[LVWHQFH�RI�R[LGL]LQJ�IXQFWLRQDO�JURXSV��DQG�ORZ�OHYHO�GDPDJH�PD��RFFXU�DW�DERXW�����&��7KH�SRVW�FXULQJ�VWDJH�RI�HSR[��UHVLQ�

FXULQJ�LQ�WKLV�VWXG��QHHGV�WR�EH�PDLQWDLQHG�DW������&�IRU���KRXUV��ZKLFK�PD��FKDQJH�WKH�VWUXFWXUH�RI�JUDSKHQH�R[LGH��,Q�YLHZ�RI�

some�reports,�graphene�oxide�has�been�thermally�reduced�below�200�°C.�This�section�will�discuss�the�scienti�c�issue�of�how�the�

SRVW�FXULQJ�WHPSHUDWXUH�RI�HSR[��UHVLQ�ZLOO�DIIHFW�WKH�VWUXFWXUH�RI�JUDSKHQH�R[LGH�

6LQFH� WKH�SRVW�FXULQJ�SURFHVV�KDV�EHHQ�LQLWLDOO��FRQILUPHG� WR�FDXVH� FKDQJHV� LQ�JUDSKHQH�R[LGH��WKLV�VWXG��ZLOO�IXUWKHU�

DQDO�]H�WKH�QDWXUH�RI�WKLV�FKDQJH��7KHUHIRUH��JUDSKHQH�R[LGH�ZDV�VHSDUDWHO��KHDW�WUHDWHG�DW������&�IRU���KRXUV�WR�GLVFXVV�WKH�

HIIHFW�RI�FXULQJ�WHPSHUDWXUH�RQ�JUDSKHQH�R[LGH��)LJXUH���VKRZV�WKH�LQIUDUHG�VSHFWUXP�RI�JUDSKHQH�R[LGH�EHIRUH�DQG�DIWHU�KHDW�

WUHDWPHQW��7KH�FKDUDFWHULVWLF�SHDNV�DW������FP���������FP���������FP����DQG������FP���UHSUHVHQW�WKH�K�GUR[�O��2+��& 2��& &��

DQG��&2+�JURXSV�RI�JUDSKHQH�R[LGH��UHVSHFWLYHO�������������FP���7KH�DEVRUSWLRQ�SHDN�LQ�WKH�UDQJH�RI���UHSUHVHQWV�WKH��&2�

JURXS��DQG�LWV�LQWHQVLW��VKRZHG�D�VOLJKW�GHFUHDVH�DIWHU�KHDW�WUHDWPHQW��LQGLFDWLQJ�WKDW�WKH������&�KHDW�WUHDWPHQW�FDXVHG�D�VPDOO�

ORVV�RI�WKH�K�GUR[�O���2+��DQG�FDUER[�O���&22+��JURXSV�RI�JUDSKHQH�R[LGH�

Figure�2�FTIR�spectra�of�the�graphene�oxide�before�and�after�hot�treatment
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7KH�5DPDQ�FKDUDFWHULVWLF�SHDNV�RI�JR�LQFOXGHG�WKH���SHDN�QHDU������FP���DQG�WKH���SHDN�QHDU������FP����,Q�WKH�FRPSRVLWH�

PDWHULDO�� WKH�FKDUDFWHULVWLF�VXPPLW�RI�WKH�HSR[��PDWUL[�DW������FP���interfered�with�the�G�peak,�but�had�less�in�uence�on�the�

��SHDN��7KH� WKHUPDO�HIIHFW�RI�WKH�LQFLGHQW� ODVHU�RQ�WKH�VXUIDFH�RI�WKH�PDWHULDO�E��WKH�5DPDQ�VSHFWURPHWHU�DIIHFWV�WKH�G�SHDN�

SRVLWLRQ�RI�JR��:KHQ�WKH� ODVHU�HQHUJ��LQFUHDVHV��WKH���SHDN�ZLOO�PRYH� WR�WKH�ORZ�ZDYH�QXPEHU�SRVLWLRQ�XQGHU� WKH�WKHUPDO�

HIIHFW��:KHQ�WKH�VDPH�OHYHO�RI� ODVHU�HQHUJ��LV�FRQWLQXRXVO��LUUDGLDWHG�RQ�WKH�VDPSOH�VXUIDFH��WKH�ODVHU�ZLWK�����HQHUJ��ZLOO�

JUDGXDOO��PRYH�WR� WKH� ORZ�ZDYH�QXPEHU�SRVLWLRQ�ZLWK� WKH�LQFUHDVH�RI�LUUDGLDWLRQ�WLPH��ZKLOH� WKH� ODVHU�ZLWK����HQHUJ��ZLOO�

not�cause�signi�cant�changes.�Under�uniaxial�strain,�the�d-summit�of�go�moved�to�low�wave�number�under�tensile� load�and�

WR�KLJK�ZDYH�QXPEHU�XQGHU�FRPSUHVVLYH�ORDG��7KURXJK�WKLV�H[SHULPHQW��LW�ZDV�IRXQG�WKDW�WKH�LQWHUIDFLDO�VWUHQJWK�RI�JUDSKHQH�

R[LGH�HSR[��FRPSRVLWH�PDWHULDO�XQGHU�WHQVLOH�FRQGLWLRQ�ZDV�KLJKHU�WKDQ�WKDW�XQGHU�FRPSUHVVLRQ�FRQGLWLRQ��,Q�WKH�UDQJH�RI����

������VWUDLQ��WKH�LQWHUIDFH�RI�WKH�FRPSRVLWH�PDWHULDO�LV�UHODWLYHO��LQWDFW��ZKLOH�WKH�LQFUHDVH�RI�WKH�VWUDLQ�WR������ZLOO�GDPDJH�WKH�

LQWHUIDFH�RI�WKH�WZR�SKDVHV�WR�VRPH�H[WHQW��,W�ZLOO�DIIHFW�WKH�WUDQVIHU�RI�ORDG�

4.�CONCLUSION

7KH�VXUIDFH�VWDWH�RI�JUDSKHQH�R[LGH�LV�D�NH�� IDFWRU� WKDW�GHWHUPLQHV� WKH�SURSHUWLHV�RI�JUDSKHQH�R[LGH�UHVLQ�FRPSRVLWHV��

)LYH�GLIIHUHQW�VXUIDFH�VWDWHV�ZHUH�FRQVWUXFWHG�WKURXJK�WKH�GHVLJQ�DQG�FRQWURO�RI�JUDSKHQH�R[LGH�IXQFWLRQDO�JURXSV��7KH�HIIHFWV�

RI�VXUIDFH�VWDWH�FKDQJHV�RI�JUDSKHQH�R[LGH�RQ�PHFKDQLFDO�SURSHUWLHV�DQG�WKHUPDO�SURSHUWLHV�RI�JUDSKHQH�R[LGH�HSR[��UHVLQ�

FRPSRVLWHV�ZHUH�VWXGLHG�LQ�GHWDLO���W�WKH�VDPH�WLPH��WKH�5DPDQ�VSHFWURVFRS��H[SHULPHQWDO�PHWKRG�ZDV�XVHG�WR�UHYHDO� WKH�

PLFURVFRSLF�PHFKDQLVP�RI�JUDSKHQH�R[LGH�LQ�WKH�HSR[��UHVLQ�PDWUL[�XQGHU�GLIIHUHQW�VXUIDFH�VWDWHV�

7KH�DSSOLFDWLRQ�DQG�UHVHDUFK�RI�FRPSRVLWH�QDQRPHWHU�UHLQIRUFHPHQW�LQ�UHVLQ�PDWUL[�FRPSRVLWHV�DUH�VWLOO�UHODWLYHO��IHZ��EXW�

LW�LV�DQ�HIIHFWLYH�ZD��WR�REWDLQ�PXOWL�IXQFWLRQDO�FRPSRVLWH�PDWHULDOV��7KH�UHODWHG�UHVHDUFK�LQ�WKLV�DVSHFW�ZLOO�SURYLGH�D�VROXWLRQ�

GLIIHUHQW�IURP�WKH�WUDGLWLRQDO�WKLQNLQJ�IRU�WKH�UHDOL]DWLRQ�RI�KLJK�SHUIRUPDQFH�UHVLQ�PDWUL[�FRPSRVLWHV�
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