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Abstract

The aim of this research was to develop methodology on the development of polyethylene composites. The two pro-
cesses compared where chemical and physical vapor deposition in a chamber. The process parameters where scanning
speed and vapor pressure. The response was hatch distance and surface height. The results indicated different surface
morphology of concave and convex patterns. The spacing of Intergranular distance of the polymer was double with
PVD than with CVD. To give a layer height 30% greater. The reproducibility was high able to develop intricate parts.

Keywords: Vapor Deposition, Hatch Distance, Layer Height

Polyethylene Stability for Structures using Chemical and Physical
Vapor Deposition Vapor deposition involved transfer of vaporiza-
tion particles of a material into a chamber. This was using a mould
or a nozzle spray for development of a structure. The material un-
der consideration was polyurethane a composite polymer. These
are known for low weight to volume ratio, durability and reusabil-
ity properties.

Method

Participants

Polyurethane a multi-cross link irrigation vessel and valve were
developed using CVD and PVD methods. The CVD used s mould
because of the deposition of reactants in a sense of a nozzle. The
PVD used a actuated nozzle computer numerical control (CNC)
to develop the valve. After the vessel and valve were allowed to
solidify under atmospheric pressure (10psi).

Assessments and Measures

To evaluate the performance of the process the hatch distance and
layer height using.spectroscopes. EFM are a highly precise images
nanometre in size of parts ranging from millimetres to centimetres.
A colour meter was used to observe the melt and solidification
pattern in the chamber.

Chemical Vapour Deposition. This is a reactive process which uses
catalytic solutes. The chamber has a mould used as a solvent. The

vapour was transferred using tubes into the chamber. When the
vapour pressure is changed the net balance caused it to settle in the
mould. This is a low precision process with noticeable differences.
The process settings were used to improve the accuracy.

Physical Vapour Deposition. The mould in this process was place
on its side in the direction of the nozzle. This is a kinetic work
done unlike CVD which is potential and uses gravity. This was
typically used for axisymmetric and symmetric intricate shapes.
The research studied the hatch distance and layer height of the
valve specimen developed using a colourant for design.

Scanning Speed. This had high accuracy using CNC of 0.4 mi-
crons. This parameter was only used in PVD to deposit the lig-
uid polymer. The speed range was from 0 to Smm in front of the
mould. This ensured high equiaxtic solidification of the polyure-
thane composite in the mould. This was highly versatile to ensure
complex shapes, structures and design were in development.

Chamber Pressure. This was common to both processes. The
chamber was vented before deposition to a static pressure of 2psi.
This was used in previous research as optimum. The particles were
vaporized in a separate container. This was supplied to the cham-
ber by tubes. The chamber pressure improves the solidification
rate of the polyurethane composite to the mould. Figure 1 showed
the chamber were the particles are moulded for 3D production
(Www.eos.com)
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Hatch Distance. This was the Intergranular distance between parti-
cles. Each process yield a different hatch distance. Based on the ki-
netic and potential nature of the solidification rate into the mould.
The structure precipitates in solvent form into solute mixture. This
can be translucent or opaque dependant on the colourant employ-
ment. The greater the hatch distance the more flexible the structure
under gradual loads.

Layer height. Each process has a specific gravity. This is the ra-
tio of actual to water of known value. The effect is various layer
heights precipitated on the mould. This affects the durability as the
greater the height the more resistant to impact loads.

Results

Each process yielded different hatch distances and layer height.
Figure 2 a and b showed the structures developed using CVD and
PVD processes.

(@
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Figure 2: CVD and PVD used to develop (a) vessel (5x10x5mm)
and valve (Radii 2cm)

Surface Morphology

Each process developed different structures. The spectroscope scan
showed convex structure for CVD and concave for PVD. This was
to indicate the former was above the surface and the latter below.

Spectroscopy of CVD sample
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Figure 3. Spectroscopy scans of (a) CVD and (b) PVD samples
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Hatch Distance and Surface Height

The colour meter indicated a higher vapor and moisture content in
CVD. The PVD had a higher luminescence and hence solidifica-
tion. The result was a greater hatching distance in CVD and lower
surface height. The repeatability was higher in PVD over the entire
surface using natural processes. The CVD had a greater average
and variance of more than 50% in the graph. Figure 4 showed a
chart of the spectrum of CVD and PVD sample.
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Figure 4: Spectrum colour scans of (a) CVD and (b) PVD samples
Discussion

The spectrum colour meter indicate 20% increase in hatch distance
and surface height of CVD samples. This produced an even distri-
bution of polyurethane in the mixture as indicated in Figure 2a. The
colour meter for PVD was different and had 10% hatch distance
and 75% surface height change to the polymer. This produced a
denser structure of uneven distribution of particulate matter.

Conclusion

The CVD should be used for fragile parts with low durability.
The dimensions are much greater than in PVD samples. Therefore
soil coagulates should not come into contact with CVD polymer.
Whereas PVD has a more durable surface and can be used in any
condition of irrigation.

References

1. Friedlingstein P, O'Sullivan M, Jones MW, Andrew RM,
Hauck J, et al. (2020) Global Carbon Budget 2020. Earth Syst
Sci Data. 12: 3269-3340.

2. Guo LB, Gifford RM (2002) Soil carbon stocks and land-use
change: a meta-analysis. Global Change 486Biology. 8: 345-
60.

3. Sullivan MJP, Lewis SL, Affum-Baffoe K, Castilho C, Costa
F, et al. (2020) Long-term 488thermal sensitivity of Earth’s
tropical forests. Science. 368(6493): 869-74.4894.

4. McLeod E, Chmura GL, Bouillon S, Salm R, Bjork M, et
al. (2011) A blueprint for blue carbon: toward an improved
understanding of the role of vegetated coastal habitats in se-
questering CO2. Frontiers in Ecology and the Environment.
9: 552-560.

5. McOwen CJ, Weatherdon LV, Van Bochove J-W, Sullivan E,
Blyth S, et al. (2017) A global 494map of saltmarshes. Biodi-
versity data journal. 5.4956.

6. Ouyang X, Lee SY (2014) Updated estimates of carbon accu-
mulation rates in coastal marsh 496sediments. Biogeoscienc-
es. 11: 5057-71.4977.

7. Barbier EB, Hacker SD, Kennedy C, Koch EW, Stier AC, et
al. (2011) The value of estuarine and 498coastal ecosystem
services. Ecological Monographs. 81: 169-193.

8. Murray NJ, Clemens RS, Phinn SR, Possingham HP, Fuller
RA, et al. (2014) Tracking the rapid loss of tidal wetlands in
the Yellow Sea. Frontiers in Ecology and the Environment.
12: 267-272.

9. Duarte CM, Dennison WC, Orth RIW, Carruthers TJB (2008)
The charisma of coastal ecosystems: 504addressing the im-
balance. Estuaries and coasts. 31: 233-8.50510.

10. Bull JW, Milner-Gulland EJ (2020) Choosing prevention
or cure when mitigating biodiversity loss: Trade-offs under
‘no net loss’ policies. Journal of Applied Ecology. 57: 354-
66.50711.

11. Li S, Xie T, Pennings SC, Wang Y, Craft C, , et al. ( 2019) A
comparison of coastal habitat restoration 508projects in China
and the United States. Scientific Reports. 9: 14388.

12. Stewart-Sinclair PJ, Purandare J, Bayraktarov E, Waltham N,
Reeves S, et al. (2020) Blue 511Restoration —Building Confi-
dence and Overcoming Barriers. Frontiers in Marine Science.
7:748.51213.

13. Salzman J, Bennett G, Carroll N, Goldstein A, Jenkins M, et
al. (2018) The global status and trends of 513Payments for
Ecosystem Services. Nature Sustainability. 1: 136-44.51414.

14. Vieira da Silva L, Everard M, Shore RG (2014) Ecosystem
services assessment at Steart Peninsula, 515Somerset, UK.
Ecosystem Services. 10: 19-34.

15. Serrano O, Lovelock CE, B Atwood T, Macreadie PI, Canto
R, et al. (2019) Australian 518vegetated coastal ecosystems
as global hotspots for climate change mitigation. Nature 519
Communications. 10: 4313.

16. Needelman BA, Emmer IM, Emmett-Mattox S, Crooks S,
Megonigal JP, et al. (2018) The 521Science and Policy of
the Verified Carbon Standard Methodology for Tidal Wetland
and Seagrass 522Restoration. Estuaries and Coasts. 41: 2159-
2171.

17. Wedding LM, Moritsch M, Verutes G, Arkema K, Hartge E,

Eart & Envi Scie Res & Rev, 2022

www.opastonline.com

Volume 5 | Issue 1 | 03



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Reiblich J, et al. Incorporating blue carbon sequestration ben-
efits into sub-national climate policies. Global Environmental
Change. 5252021:102206.

Macreadie PI, Anton A, Raven JA, Beaumont N, Connolly
RM, et al. (2019) The future of 527Blue Carbon science. Na-
ture Communications. 10: 3998.

Lawrence PJ, Smith GR, Sullivan MJ, Mossman HL (2018)
Restored saltmarshes lack the topographic 529diversity found
in natural habitat. Ecological engineering. 115: 58-66.
Mossman HL, Davy AJ, Grant A (2012) Does managing
coastal realignment create saltmarshes with 'equivalent bio-
logical characteristics' to natural reference sites? Journal of
Applied Ecology. 5322012; 49: 1446-1456.

Moreno-Mateos D, Power ME, Comin FA, Yockteng R (2012)
Structural and Functional Loss in Restored Wetland Ecosys-
tems. PLOS Biology. 10: €1001247.

Moritsch MM, Young M, Carnell P, Macreadie PI, Lovelock
C, et al. (2021) Estimating blue carbon sequestration under
coastal management scenarios. Science of The Total Environ-
ment. 5382021; 777:145962.

MacDonald MA, de Ruyck C, Field RH, Bedford A, Bradbury
RB, et al. (2020) Benefits of coastal managed 540realignment
for society: Evidence from ecosystem service assessments in
two UK regions. Estuarine, Coastal and Shelf Science. 244:
105609.

Burden A, Garbutt A, Evans CD (2019) Effect of restoration
on saltmarsh carbon accumulation in 543Eastern England. Bi-
ology Letters. 15: 20180773.54425.

Wollenberg JT, Ollerhead J, Chmura GL (2018) Rapid carbon
accumulation following managed realignment on the Bay of
Fundy. PLOS ONE. 13: ¢0193930.

Hoogsteen MJJ, Lantinga EA, Bakker EJ, Groot JCJ, Tittonell
PA, et al. (2015) Estimating soil organic carbon 548through
loss on ignition: effects of ignition conditions and structural
water loss. European Journal of 549Soil Science. 66: 320-328.
The Greenhouse Gas Protocol (2005) The GHG Protocol for
Project Accounting. World Business 551Council for Sustain-
able Development and world Resources Institute; 55228.
Mossman HL, Sullivan MJP, Dunk RM, Rae S, Sparkes RT,
et al. (2021) Created coastal wetlands 553as carbon stores:
potential challenges and opportunities. In: Humphreys J, Lit-
tle S, editors. 554Challengesin Estuarine and Coastal Science:
Estuarine and Coastal Sciences Association50th 555Anniver-
sary Volume. UK: Pelagic Publishing; 2021.55629.

Scott J, Pontee N, McGrath T, Cox R, Philips M, et al. (2016)
Delivering Large Habitat Restoration 557Schemes: Lessons
from the Steart Coastal Management Project. Coastal Man-
agement: Changing 558coast, changing climate, changing
minds: ICE Publishing; 663-74.

Pontee N, Serato B (2019) Nearfield erosion at the start marsh-
es (UK) managed realignment 562scheme following opening.
Ocean & Coastal Management. 172: 64-81.

UK Hydrographic Office (2010) Admiralty Tide Tables Vol-
ume 1: The United Kingdom and Ireland (Including European

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Channel Ports). Taunton, UK: The United Kingdom Hydro-
graphic Office; 56533.

Pontee NI (2015) Impact of managed realignment design on
estuarine water levels. Proceedings of the Institution of Civil
Engineers -Maritime Engineering. 168: 48-61.

Rowell DL (2014) Soil science: Methods & applications:
Routledge; 2014.56835.Sparkes RB, Lin I-T, Hovius N, Galy
A, Liu JT, Xu X, et al. Redistribution of multi-phase partic-
ulate organic carbon in a marine shelf and canyon system
during an exceptional river flood: 570.

R Development Core Team. R: A language and environment
for statistical computing. 3.5.0 575ed. Vienna: R Foundation
for Statistical Computing; 2018.57638.

Hijmans RJ (2021) raster: Geographic Data Analysis and
Modeling. R package version 3.3-6. 2020.57739.

Gulliver A, Carnell PE, Trevathan-Tackett SM, Duarte de
Paula Costa M, Masqué P, et al. (2020) 580Macreadie PI Es-
timating the Potential Blue Carbon Gains from Tidal Marsh
Rehabilitation: A Case 581Study From South Eastern Austra-
lia. Frontiers in Marine Science. 7: 403.58241.

Ranwell DS (1964) Spartina salt marshes in southern En-
gland: II. Rate and seasonal pattern of 583sediment accretion.
The Journal of Ecology. 1964: 79-94.58442.

Allen JRL, Duffy MJ (1998) Medium-term sedimentation on
high intertidal mudfiats and salt 585marshes in the Severn Es-
tuary, SW Britain: the role of wind and tide. Marine Geology,
150: 1-27.

Allen JRL, Duffy MJ (1998) Temporal and spatial deposition-
al patterns in the Severn Estuary, 588southwestern Britain:
intertidal studies at spring—neap and seasonal scales, 1991—
1993. Marine 589Geology. 146: 147-171.

Brown SL, Pinder A, Scott L, Bass J, Rispin E, et al. (2007)
Wash Banks Flood Defence 591Scheme Freiston Envi-
ronmental Monitoring 2002-2006. Report to Environment
Agency, 592Peterborough. Centre for Ecology and Hydrolo-
gy, Dorset, UK: 2007.59345.

Garbutt A (2018) Bed level change within the Tollesbury
managed realignment site, Blackwater 594estuary, Essex, UK
between 1995 and 2007. NERC Environmental Information
Data Centre; 2018.59546.

Spencer T, Friess DA, Moller I, Brown SL, Garbutt RA, et
al. (2012) Surface elevation change in 596natural and re-cre-
ated intertidal habitats, eastern England, UK, with particular
reference to Freiston 597Shore. Wetlands Ecology and Man-
agement. 20: 9-33.

Liu Z, Fagherazzi S, Cui B (2021) Success of coastal wetlands
restoration is driven by sediment availability. Communica-
tions Earth & Environment. 2: 1-9.60048.

Archer AW (2013) World's highest tides: Hypertidal coastal
systems in North America, South 601 America andEurope.
Sedimentary Geology. 284-285:1-25.

Thorn MFC, Burt TN (1983) Sediments and metal pollutants
in a turbid tidal estuary. Canadian 604Journal of Fisheries and
Aquatic Sciences. 40(S1): s207-s15.60550.

Eart & Envi Scie Res & Rev, 2022

www.opastonline.com

Volume 5 | Issue 1 | 04



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Mantz PA, Wakeling HL (1982) Aspects of sediment move-
ment near to Bridgwater Bay bar, Bristol 606Channel. Pro-
ceedings of the Institution of Civil Engineers. 73: 1-23.60751.
Darbyshire EJ, West JR (1993) Turbulence and cohesive sed-
iment transport in the Parrett estuary. 608Turbulence: Per-
spectives on Flow and Sediment Transport Wiley, Chichester.
215-47.60952.

Manning AJ, Langston WJ, Jonas PJC (2010) A review of sed-
iment dynamics in the Severn Estuary: 610Influence of floc-
culation. Marine Pollution Bulletin. 61: 37-51.

French JR (1993) Numerical simulation of vertical marsh
growth and adjustment to accelerated 613sea-level rise, North
Norfolk, U.K. Earth Surface Processes and Landforms. 18:
63-81.

Spearman J (2011) The development of a tool for examin-
ing the morphological evolution of 616managed realignment
sites. Continental Shelf Research. 31(10): S199-S210.61755.
Spencer KL, Carr SJ, Diggens LM, Tempest JA, Morris MA,
et al. (2017) The impact of pre-620restoration land-use and
disturbance on sediment structure, hydrology and the sedi-
ment geochemical environment in restored saltmarshes. Sci-
ence of the Total Environment. 587: 47-58.

Blackwell MSA, Yamulki S, Bol R (2010) Nitrous oxide
production and denitrification rates in 623estuarine intertidal
saltmarsh and managed realignment zones. Estuarine, Coastal
and Shelf Science. 87: 591-600.

Chen J, Wang D, LiY, Yu Z, Chen S, et al. (2020) The carbon
stock and sequestration rate in 626tidal flats from coastal Chi-
na. Global Biogeochemical Cycles. 34(11):
Bradfer-Lawrence T, Finch T, Bradbury RB, Buchanan GM,
Midgley A, et al. (2021) The potential contribution of terres-
trial nature-based solutions to a national ‘net zero’ climate tar-
get. Journal of Applied Ecology.

Pontee N (2014) Accounting for siltation in the design of in-
tertidal creation schemes. Ocean & coastal management. 88:
8-12.

Schuerch M, Spencer T, Temmerman S, Kirwan ML, Wolff C,
Lincke D, et al. (2018) Future response 633of global coastal
wetlands to sea-level rise. Nature. 561: 231-234.

57. Emmer [, Needelman B, Emmett-Mattox S, Crooks S, Mego-
nigal P, et al. (2015) VMO0033 637Methodology for tidal wet-
land and seagrass restoration. Version 1.0. Verra. Verified Car-
bon Standard, 2015.63964.

58. Bischoff J, Sparkes RB, Dogrul Selver A, Spencer RGM, et
al. (2016) Source, transport and fate of soil organic matter in-
ferred from microbial biomarker lipids on the East Siberian
Arctic Shelf. Biogeosciences. 13: 4899-4914.

59. Saderne V, Geraldi NR, Macreadie PI, Maher DT, Middelburg
JJ, et al. (2019) Role of carbonate burial in Blue Carbon bud-
gets. Nature communications. 10: 1-9.

60. Centre for Ecology and Hydrology. Land Cover Map 2007
[SHAPE geospatial data], Scale 6451:250000. Updated: 18
July 2008.: EDINA Environment Digimap Service, <https://
digimap.edina.ac.uk>; 2007.64767.

61. Environment Agency. Steart Coastal Management Project En-
vironmental Statement: Report 648produced by Halcrow for
the Environment Agency. Bristol, UK: Environment Agency;
2011. p. 178pp64968.

62. Getmapping. High Resolution (25cm) Vertical Aerial Imagery
[JPG geospatial data], Scale 6501:500, Updated: 25 October
2014. EDINA Aerial Digimap Service, https://digimap.edina.
ac.uk; 2014.65169.

63. Burden A, Garbutt RA, Evans CD, Jones DL, Cooper DM, et
al. (2013) Carbon sequestration and 652biogeochemical cy-
cling in a saltmarsh subject to coastal managed realignment.
Estuarine, Coastal and Shelf Science. 120: 12-20.

64. Jacobs (2019) Final Far Field-Effect & Channel Exit: Review
and summary —Note 6. Report prepared for the Environment
Agency by Jacob’s. 39: 65671.

65. Adams CA, Andrews JE, Jickells T (2012) Nitrous oxide and
methane fluxes vs. carbon, nitrogen and phosphorous burial in
new intertidal and saltmarsh sediments. Science of the Total
Environment. 434: 240-251.

66. Singh R. et al. Low (2019) temperature wafer-scale synthe-
sis of hexagonal boron nitride by microwave assisted surface
wave plasma chemical vapor deposition, AIP Advances

Copyright: ©2022 Solomon 1. Ubani. This is an open-access article
distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original author and source are credited.

Eart & Envi Scie Res & Rev, 2022

www.opastonline.com Volume 5 | Issue 1 | 06



