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TheCenterof ResearchExcellencein Nanotechnology(CENT)organizeda seminaron άSelective

oxidationof lower alkaneέpresentedByDr. SkrikantGopal,a LeadScientistat SABICTechnology

Center,Riyadhon the 6th of December,2017. Theeventwasgracedby CENTpersonnel,faculties,

students,andmembersof staff of the University. . . (detailson page2).
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CENT member Dr. Oki Muraza Mulukwas recently assigned the role of Associate Editor
for Frontiers in Energy Research Journal (https://www.frontiersin.org/journals/energy-
research) and Review Editorfor the Frontiers in Chemistry Journal
(https://www.frontiersin.org/journals/chemistry). EPFL, Lausanne, Switzerland.

Seminar On άSelective Oxidation of Lower Alkane " presented By Dr. Skrikant
Gopal of SABIC Technology

A CENT-affiliated publication titled ñTurning the Interplay between

Selectivity and Permeability of ZIF-7 Mixed Matrix Membranes,òco-

authoredby Dr. Aasif andDr. Yamaniof CENTwasselectedto behighlighted

on the cover page of the current issue (Volume 9, Number 39) of ACS

AppliedMaterialsandInterfaces.

http://pubs.acs.org/doi/10.1021/acsami.6b15803

Cover pageof the current issueof ACS Applied

Materials and Interfaces

Associate Editor for Frontiers in Energy Research Journal

CENT member Dr. Ahsan Ul-Haqhas been appointed as a Associate subject editor for the 
International Journal of Hydrogen Energy

Assistant Subject Editor for International Journal of Hydrogen 

Eneegy

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/chemistry
http://pubs.acs.org/doi/10.1021/acsami.6b15803
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The Center of Research Excellence in

Nanotechnology(CENT)organizeda seminar

on άSelective oxidation of lower alkaneέ

presented By Dr. Skrikant Gopal, a Lead

Scientistat SABICTechnologyCenter,Riyadh

on the 6th of December,2017. Theeventwas

graced by CENT personnel, faculties,

students, and staff members of the

University. The speaker started his

presentationwith a brief introduction about

SABICas a company among the top three

producersof chemicalssuchas glycol in the

world, and with a huge patent portfolio,

particularly with recent focus on realizing

value from innovation. He gave a brief

introduction on the topic of the day

(selectiveoxidation of alkane)as one of his

work areasin his earlier yearsat SABIC,and

its benefit and how it fits into the chemical

industryvaluechain.

He defined the selectiveoxidation of lower

alkanetheoreticallyasa simplereaction
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between alkaneand oxygenin the presence

of a catalyst to produce a decided product

and carbon dioxide as the undecided by-

product, and he highlighted the main

challengeof the processasbeingto maximize

the selectivity for the decided product and

minimizethe productionof carbondioxide.

Hehighlightedthe major benefitsof selective

oxidationroute asthe useof lower cost feed

cost, direct one step processing and

environmental benefit due to reduction in

carbondioxideproduction.

Seminar On άSelective Oxidation of Lower Alkane" presented By Dr. Skrikant
Gopal, 

Lead Scientist at SABIC Technology
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Healsomentionedselectivityandproduction

work rate as the two key parametersfor a

successful selective oxidation route,

highlightingthat a catalyst that can provide

high selectivity and high work rate will be

very attractive in the industry. He also

explainedthe global chemicalindustry feed

stock dynamic to give an understandingof

the economicsof the industry, and talked

briefly of the impact of the shale gas

revolution in the chemical industry with

future projection of the reduction in oil

based feedstock and increasein gas-based

feedstocksuchas ethane and propane. This

projection makes the selective oxidation

route moreattractive.

3

Newsletter, R.Awwal- R.Thani1439

Hediscussedthe selectiveoxidationof alkane

to acetic acid, propane to acrylic acid, and

ammoxidationof propaneto acrylonitrile. In

the selective oxidation of alkane to acetic

acid, he talked about the use of a

multifunctional catalyst by SABIC which

enablesit to achievehigh selectivityof acetic

acid, enabling SABICto commercializethe

processand own the only plant running on

the direct ethane to acetic acid oxidation

route. Hehighlightedsomeof the challenges

of the oxidative dehydrogenation process

whichincludethe low runningtemperatureof

catalyst, removal of impurities from the

process,andthe separationof the gasesfrom

the reactoroutlet gas.

He concluded by emphasizing the high

potential of selectiveoxidation reaction as a

direct one step alternative to replace a

currentproductionroute, however,they must

demonstratebetter economicscenariosthan

the existingroute to attract industryto invest

in this route. The patent data presented

indicatea lot of industrial activity in someof

the selectiveoxidationroutes.

mailto:sanhoob@kfupm.edu.sa
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The hierarchical pore system was observed in the

recrystallized mordenite as the mesopore volume

increasedto 0.36 mL/g from only 0.04 mL/g in the as-

receivednaturalzeolites.

A high conversionof dimethyl etherwas obtainedover

the recrystallizedmordenite(99.7%) and milled natural

mordenite (54.1%) as comparedto the parent (1.2%).

Moreover, the milling only and the sequentialmilling-

recrystallizationprocessesimproved selectivity toward

olefins and prolonged catalyst lifetime. The reduced

particles size, combined with the hierarchicalporosity

and acidity. effectively enhancedcatalystsactivity and

selectivityto olefins. Thesampleswerefurther testedfor

n-butane isomerization. The isobutaneselectivity over

nanoparticlesmordenite fabricated by the sequential

milling-recrystallizationincreasedto 28% ascomparedto

11% on the parent mordenite. Moreover, the

recrystallized mordenite nanoparticles showed better

catalyststability ascomparedto themicroparticlesparent

sample. Finally, dealuminationprocedureswere applied

to the recrystallizedmordenitenanoparticles. The total

surface area of dealuminated nanoparticle sample

increasedto ca. 354 m2/g. The nanoparticlesmordenite

obtained by the sequential milling-recrystallization-

dealuminationexhibited the highest selectivity of ca.

58% to isobutaneand less deactivationrate in the n-

butaneisomerization.

Natural zeolites are plentiful and inexpensivenatural

minerals, which have had wide applications in

agriculture, aquaculture, soil adjustment, building

materials,water purification, and wastewatertreatment.

However, the utilization of naturalzeolitesfor catalysis

purposesis limited due to low crystallinity and poor

textural properties. In the presentwork, we investigate

methods to synthesizecatalysts from low-cost natural

zeolites through facile methods,i.e. sequentialmilling-

recrystallization,and sequentialmilling-recrystallization-

dealumination. These catalysts were used in dimethyl

etherto olefinsconversion,andn-butaneisomerization.

We fabricatedhierarchicalmordenitenanoparticlesfrom

the low-cost natural mordenitethroughhigh-energyball

milling followed by hydrothermal recrystallization

method. The as-received natural zeolites showed

mordenitewith impurity phasesandlow total surfacearea

(ca. 133m2/g) asindicatedby X-ray diffraction studyand

nitrogen physisorption analysis, respectively. The as-

receivednaturalzeolitesweremilled by high-energyball

milling attritor to obtain nanoparticleswithin the size of

20-160 nm, which were confirmed by dynamic light

scattering,field emissionscanningelectronmicroscopy,

and transmissionelectronmicroscopytechnique. The X-

ray diffraction study revealed that crystallinity of the

milled zeolites had decreased significantly. The

crystallinity of mordenite nanoparticleswas recovered

after recrystallization of the milled sample in a

hydrothermal basic silicate solution. The nitrogen

physisorptionstudyshowedthat the texturalpropertiesof

recrystallized mordenite nanoparticleswere improved

with total surfacearea was ca. 240 m2/g and external

surfaceareawasca. 150 m2/g, a 6-fold increasefrom the

parent.

Dissertation title : COST EFFECTIVE CATALYST DERIVED FROM NATURAL

ZEOLITE THROUGH BALL MILLING AND

RECRYSTALLIZATION METHOD FOR HYDROCARBON

CONVERSION
Dissertation Abstract
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Dissertation Abstract

Combinationof oil-water separationand water-soluble

organicpollutantsremoval in a single unit operationis

highly desirable for oily wastewaterremediation(i.e.

separationof water-insoluble oils and degradationof

water-soluble pollutants). In this study, we fabricated

textured surfaces with selective wettability and

photocatalytic activity (i.e. multifunctional textured

surfaces)for oily wastewatertreatmentin a single unit

operation.

For developing of specific materials which are

superhydrophobic(water contact angle > 150o and

sliding angle < 10 o) and superoleophilic(oil contact

angle~ 0o), a facile synthesismethodfor highly stable

carbon nanoparticle (CNP) dispersion through the

incompletecombustionof paraffin candleflame is also

presented. ThesynthesizedCNPdispersionis themixture

of graphitic and amorphouscarbonnanoparticles,sized

in 20-50 nm rangeandmanifestedby mesoporositywith

an averageporesizeof 7 nm anda BET surfaceareaof

366 m2g-1. As an applicationof this material,the carbon

nanoparticledispersionwas spray coated (spray-based

coating) on a glass surface to fabricate water jet

resistancesuperhydrophobicsurfaces.

Also, we developeda universal,scalable,solvent-free,one-

stepmethodologybasedon thermalannealingof stainless

steel meshesto create appropriatesurface texture and

simultaneouslymodify its surface energy (i.e, chemical

composition,Fe2O3 and/orFe2O3-basedcomposites). These

annealedstainlesssteel meshesare mechanicallyrobust

andexhibit under-waterselectivewettability of waterover

oil for gravity-driven oil-waterseparationandvisible light

responsivephotocatalyticactivity for water-solubleorganic

pollutantsdegradationunder visible light irradiation. We

believe that our approachwill enablethe fabrication of

robust multifunction membranes for large-scale

applicationsin oily wastewatertreatment.

Furthermore,for the first time, a simple and facile spray

coatingmethodwassuccessfullyusedto fabricatea novel

Janus membrane that possesses superhydrophilic-

superoleophboic surface on the feed side and

photocatalyticsurfaceon the permeateside. We developed

a mathematicalmodel that describesthe photocatalytic

degradationof organicsuponUV illumination andshowed

that our model matchesvery well with the experimental

result. Our Janus membrane exhibits high separation

efficiency of free/emulsifiedoil-water mixtures and high

in-situ photo-degradationefficiency of organic pollutants

in thewater-rich permeateuponUV light illumination. We

believethat our Janusmembranehasa greatpotential for

large-scaletreatmentof oily wastewater.

Dissertation Title: PHYSICS OF TEXTURED SURFACES WITH SELECTIVE 
WETTABILITY AND PHOTOCATALYTIC ACTIVITY FOR 
MULTIFUNCTIONAL APPLICATIONS
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Dissertation Abstract

DissertationTitle : SYNTHESISAND CHARACTERIZATION OF

FUNCTIONALIZED SUPER-PARAMAGNETIC

NANOMATERIALS AS IMAGING AGENTS FOR

CRUDE OIL -BEARING FORMATION

Informationacquisitionandanalysisof oil reservoirsarethe mostchallengingandscientifically

demanding areas in the oil exploration industry. This research work has successfully

demonstratedthe potential of functionalized superparamagneticiron oxide nanoparticles

(SPIONs)ascontrastagentsfor oil reservoirapplications. In this seminar,Mr. Shahidpresented

the synthesis,characterization,and utility of functionalizedSPIONsfor two important issues

facedby the petroleumindustry: (i) overlappingof NMR signalsproducedfrom oil & water,(ii)

imaging of fluid presentwithin the reservoirrocks. For this purpose,relaxivity propertiesand

NMR T2-distribution measurementswere performedfor oil/water signal separation. The fluid

phase(i.e., brine and oil) presentwithin the rock coreswas successfullyidentified by utilizing

SPIONsascontrastagentvia computedtomography(CT). The researchwork wascarriedout at

lab scaleusingthe samplepacks(i.e., carbonate,sandpacks)andreservoircoresthat mimic the

actualoil reservoirconditions. It will help to mapthephysiochemicalpropertiesanddynamicsof

the reservoiraswell aswill createthe potentialto developnext-generationtechnologiesfor oil

reservoirapplications.
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Dissertation Abstract

Dissertation Title: DEVELOPMENT OF MESOPOROUS NANOSTRUCTURED 

CATALYSTS FOR HIGH EFFICIENCY H2 PRODUCTION 

FROMWATER

One of the main impedimentsfacing the large-scale

productionof hydrogen(H2) via water electrolysisis

the use of expensive platinum metal as an

electrocatalyst. Early transition metal carbides and

phosphideswith platinum-like catalyticbehaviorhave

emergedaseconomicandearth-abundantalternatives

to Pt. However, most of the synthetic procedures

employedto producethesecatalystshaveled to bulky

and low surface area products due to the

agglomerationand coalescenceof the metal during

crystallization, which restrains their application for

catalyticH2 reaction. We, therefore,developednovel

preparationprotocolsto improvethe dispersionof the

active siteson the carbonsupports. We showedthat

highly porousframeworksof MIL -53, a metalorganic

framework,could be usedas a templateto guide the

formation of highly dispersedmolybdenumcarbide

(Mo2C) embeddedwithin themesoporouscarbon. The

otherstrategywasbasedon thecomplexationmethod.

Molybdenumwas coordinatedwith an oxalategroup

usingoxalic acid, which modified the self-assembling

of molecularprecursorand controlled the nucleation

and growth of Mo2C and molybdenum phosphide

(MoP) onCarbonNanotubes(CNTs).

In addition,we demonstratedthe growth of interconnected

hollow scaffold of cobalt phosphide (CoP) on CNTs

.Hexamethylenetetramine,as usedas a structure-directing

agent. Plausiblegrowth mechanismswere proposed.. The

methods are simple with the potential to scale-up.

Compositionswerecharacterizedusingstandardtechniques,

such as transmission and high-resolution transmission

electron microscope, field emission scanning electron

microscope,powderX-ray diffraction, X-ray photoelectron

spectroscopy(XPS), and so forth. The potential of as-

prepared electrocatalysts was evaluated as low-cost

electrodesfor hydrogenevolution reaction(HER), both in

acidic and basic electrolytes. It was demonstratedthat

smallerparticlesizewith betterdispersion,andhollow and

interconnectedartifacts, impart benign attributes,such as

enhancedspecific and electrochemicallyactive surface

area, low intrinsic charge transfer resistance, high

interfacial charge transfer kinetics, and improved mass

transport, to electrocatalysts. As a result, the electrode

comprising as-synthesized compositions exhibited

remarkable electrocatalytic performance, outperforming

most of the electrocatalystsreportedto date. The findings

offer fresh impetusto engineerPt-free electrodematerials

with high activity for large scale and sustainableH2

productionthroughelectrolysis.
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Mr. Mohammed Ameen Qasem

Chemical Engineering

Thesis Title: Preparation of metal oxide Nano 

particle-modified porous carbon electrode for 

oxygen evolution reaction
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Mr. Hassan Ahmed Salih

Chemical Engineering

Thesis Title: ethanol to olefins using modified SAPO-34 

zeolite

Mr. Noman Naseeb

Mechanical Engineering

Thesis Title: Development and characterization 

of electrospunpolyacrylonitrile-based 

nanocomposite membranes for oil-water 

separation

Mr. Omar WaqasSaadi

Mechanicall Engineering

Thesis Title: Development and performance 

evaluation of CAU-1 metal-organic 

framework/polyetherimidemixed matrix 

membrane for gas separation

Congratulations to the following CENT affiliated students on the successful 

presentation of their MS thesis

Mr. Abdul -Rashid Bawah

Chemical Engineering

Thesis Title: Development of transparent 

superhydrophobicand self-cleaning 

surfaces

Mr. Galal Atef Nasser

Chemical Engineering

Thesis Title: Synthesis and characterization of a 

novel chabazite(CHA) zeolite catalyst for the 

conversion of methanol to olefins (MTO) 

reaction

mailto:sanhoob@kfupm.edu.sa

