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)[image: 3][image: 全国创新争先奖-吴义强]生物质材料及其绿色转化技术湖南省重点实验室于2016年湖南省科技厅批准成立，实验室依托木材科学与技术国家重点学科、林产化学加工工程国家林业局重点学科、国家林业局生物乙醇研究中心等科研平台，拥有生物质复合材料科学与工程、木材科学、人造板工程、林产化工、生物质制品等40多个实验室，总面积4600平方米，形成了基础实验室、功能实验室、精密仪器实验室各级各类结构完善的科研平台体系。拥有裂解-气相质谱仪、核磁共振仪、锥形量热仪、多功能扫描电子显微镜-能谱联用仪、热重分析仪等一大批先进仪器与设备，仪器总值5800余万元。
[bookmark: _GoBack]实验室形成了一支以中国工程院院士、长江学者特聘教授为带头人，国家杰出青年基金获得者、国家万人计划学者、新世纪百千万人才工程国家级人选、国家中青年科技创新领军人才、国家青年人才托举工程入选者、湖南省百人计划学者、湖南省芙蓉学者特聘/讲座教授、教育部新世纪优秀人才为骨干的创新团队。现有专业科研人员51人，其中博士46人，硕士5人，高级职称37人，中级职称14人；管理人员4人，研究人员42人，技术开发人员5人。
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)[image: C:\Users\Administrator\Desktop\页面提取自－Cr-Doped FeNi-P Nanoparticles Encapsulated into N-Doped Carbon Nanotube as a Robust Bifunctional Catalyst for Efficient Overall Water Splitting.jpg][image: ]经过多年建设，实验室已形成4个稳定的研究方向：生物质分子解聚与重构基础、生物质结构设计与异质复合、生物质纳米材料与仿生智能、生物质多元转化与绿色精炼。近年来先后承担国家科技支撑计划课题、国家自然科学基金重大项目课题/重点项目、国家国际科技合作专项、国家林业公益性行业科研重大专项、湖南省科技重大专项等国家、省部级科研项目30余项；在《Advanced Materials》、《Advanced Energy Materials》、《林业科学》等国内外知名学术期刊发表论文116篇，SCI/EI收录86篇，出版专著5部；申请/授权国家发明专利90余件；获国家科技进步二等奖、首届全国创新争先奖、教育部科技进步一等奖、湖南省科技进步一等奖、中国产学研合作创新成果一等奖、梁希林业科学技术一等奖等科技奖励20余项。重点实验室研发的农林剩余物人造板绿色功能胶黏剂及高效制备、农林剩余物人造板锌锡掺杂液相液固双相环保阻燃抑烟、竹材表面协同修饰、环保快固酚醛树脂胶制备等技术在大亚人造板集团有限公司、广西丰林木业集团股份有限公司、湖南桃花江竹材科技股份有限公司、益阳桃花江竹材发展有限公司等企业推广应用，增加就业机会1000多个，创造了重要的经济、社会与生态效益。
实验室非常重视国内外学术交流与合作，与美国威斯康辛大学、路易斯安那州立大学、密西西比州立大学、加拿大多伦多大学、哥伦比亚大学、法国南锡大学等国际知名高校和科研院所建立了广泛的合作交流与人才培养关系，共同承担国家国际科技合作专项、国家948项目10余项，引进湖南省百人计划学者、湖南省芙蓉学者等创新领军人才3名，选派10余名优秀青年研究人员与研究生赴国外交流访问、开展合作研究、攻读学位。
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)[image: http://img1.voc.com.cn/UpLoadFile/2017/10/29/201710291711194670.jpg]实验室将继续围绕新时期湖南省及周边地区生物质资源利用行业产业发展对生物质材料高值高效利用基础理论和关键技术突破的重大需求，整合木材科学与技术、林产化学加工工程、材料科学与工程、生物质能源与材料、化学工程与技术等优势学科资源，汇聚各类创新要素，建立有利于实验室创新队伍建设、人才培养、科学研究、技术创新的新体制机制，努力将实验室建设成生物质资源高效利用研究基地和产业技术创新中心，推动行业进步，服务地方发展。
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Cr-Doped FeNi-P Nanoparticles Encapsulated into N-Doped
Carbon Nanotube as a Robust Bifunctional Catalyst for

Efficient Overall Water Splitting

Yigiang Wu, Xu Tao, Yan Qing,* Han Xu, Fan Yang, Sha Luo, Cuihua Tian, Ming Liu,

and Xihong Lu*

Exploring high-efficiency, stable, and cost-effective bifunctional electrocata-
lysts for overall water splitting is greatly desirable and challenging. Herein,

a newly designed hybrid catalyst with Cr-doped FeNi—P nanopatticles
encapsulated into N-doped carbon nanotubes (Cr-doped FeNi—P/NCN) with
unprecedented electrocatalytic activity is developed by a simple one-step
heating treatment. The as-synthesized Cr-doped FeNi—P/NCN with mod-
erate Cr doping exhibits admirable oxygen evolution reaction and hydrogen
evolution reaction activities with overpotentials of 240 and 190 mV to reach

a current density of 10 mA cm=2in 1 m KOH solution. When used in overall
water splitting as a bifunctional catalyst, it needs only 1.50 V to give a current
density of 10 mA cm2, which is superior to its typically integrated Pt/C and
Ru©O; counterparts (1.54 V @ 10 mA cm?). Density functional theory calcula-
tion confirms that Cr doping into a FeNi-host can effectively alter the relative
Gibbs adsorption energy and reduces the theoretical overpotential. Addition-
ally, the synergetic effects between Cr-doped FeNi—P nanoparticles and NCNs

cathode and oxygen evolution reaction
(OER) at the anode, is inevitably necessary
and urgent! Currently, several Pt-based
valuable metals and Ir-/Ru-based metal
oxides as HER and OER catalysts are
required to catalyze the overall water split-
ting, such as Pt-based catalysts for HER
and IrO, or RuO, for OER.PI However,
the high cost and scarcity of these noble
metals restrict their applications in actual
production, and an incompatible integra-
tion may result in the low efficiency for the
overall water electrolysis when assembling
these different metals in the same elec-
trolyte solutions.!l Therefore, the rational
design and synthesis of active, stable, and
cost-effective  bifunctional catalysts are
extremely desirable but remain the huge
challenge for overall water splitting.%!

are regarded as significant contributors to accelerate charge transfer and

promote electrocatalytic activity in hybrid catalysts.

The electrolysis of water for producing high-purity hydrogen
is remarkably important for generating hydrogen energy as
a clean renewable alternative to traditional fossil energy.! To
obtain a practical energy conversion efficiency, the develop-
ment of highly active and cost-effective catalysts for two half
reactions, namely, hydrogen evolution reaction (HER) at the
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To date, a large variety of electrocatalysts
based on cost-effective transition metals
and their derivatives, such as metal chal-
cogenides,[®! metal phosphides,” metal
carbides,®l metal nitrides,”! and metal oxides or hydroxides 1%
have been developed as bifunctional electrocatalysts for water
gplitting and have gained impressive advancements. Among
them, transition metal phosphides (TMPs) deserve particular
attention owing to their natural abundance, low cost, and pref:
erable catalytic activity.'!) However, the electrochemical perfor-
mance of most TMPs is limited because of their poor electrical
conductivity and deficient concentration of active sites.5»12!
To overcome these limitations, research has been focused on
combining TMPs with highly conductive materials, such as the
use of foamed nickel,™¥ carbon nanotubes (CNs),™l porous
carbon,™ carbon nanofibers,*l and graphene.'”! For instance,
Jiang and coworkers prepared a layered CoP/reduced graphene
oxide composite via pyrolysis followed with phosphating pro-
cess, which was reported to need a potential of 1.70 V to reach
a current density of 10 mA cm™ as the bifinctional catalyst in
1 M KOH solution."®! Furthermore, a hybrid composite with
CoP embedded in an N-doped CN hollow polyhedron prepared
via a pyrolysis—oxidation-phosphidation method exhibited
a decreased potential of 1.64 V to gain the current density of
10 mA cm for water splitting.[*”) Despite these achievements,
the performance of most developed TMPs is far from practical
application because of the relative high overpotential. More
importantly, the synthetic conditions of these reported TMPs
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