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Abstract
The goal of this investigation is to gauge potential benefits of an intermediate heat treatment cycle between hot rolling and cold rolling for dual phase steels. Previously published work indicates potential benefits include removal of coil end effect, improved product homogeneity, and increased product performance. 
We hope to realise some if not all of these benefits by homogenising the steel prior to cold rolling, as well as promoting enhanced niobium precipitation within the microstructure of the steel.
In summary, this change could very well increase both the yield of the process and offer an opportunity to upsell the material produced as a more advanced grade.
Industrial Context
DP800 steel in TATA Steel UK.
DP800 is a dual phase High Strength Low Alloy (HSLA) steel principally aimed at the automotive industry. This product offers both strength and formability and stands as a lucrative product within Tata Steel UK’s catalogue.
Tata Steel UK’s current offering for this product relies on niobium additions in order to produce strength via precipitation hardening and grain refinement. Whilst other alloying elements are important to the product (chromium and manganese for example) the focus of this investigation will be on the effect of the heat treatment cycle on niobium.
Current DP800 production methodology.
The current production route for DP800 is to send each coil from the hot strip mill to hot coil finishing to have 20m removed from each end. This process is in place to remove material deemed unsuitable for sale by the ‘coil end effect’. This effect raises the tensile strength of the material to the point where it becomes difficult to weld. In addition, this material is often difficult to cold roll due to its high hardness.
Project Proposal
The 2022 document “A Route for Production of Elevated-Strength Cold Rolled HSLA Steel” (Enloe, 2022) as well as the article “Metallurgical Effects of Niobium in Dual Phase Steel” (Mohrbacher, 2020) both describe an intermediate annealing cycle between hot and cold rolling at temperatures of 600°C. According to these documents, this annealing cycle improves both the amount and distribution of niobium precipitates within the steel substrate.
The overall aim of this investigation is to simulate an alternate production route for DP800 steels within TATA Steel UK, introducing the heat treatment discussed within these papers. Any potential benefits of this process are to be measured against the current cost of operating the batch annealing facilities, which currently stands at ~£11 per tonne of material processed.




Proposed Project Plan
The current plan for the project is to collect DP800 hot rolled material from both the coil ends and the middle of the coil. Once collected, the material is to be cut into strips in the rolling direction suitable for use in the Continuous Anneal Simulator (CASIM) as well as tensile testing.
Samples are split into two sets: the test group and the control group. Samples are divided alternately; this is to minimise metallurgical differences that may arise as a result of cross width variation. This additionally allows changes to the cross width variation to be monitored. In total approximately 50 strips are to be taken (depending on material width) and divided equally into the test and control group in a manner similar to the visual aid below.
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Once separated, the test group will then be placed into a furnace and left to soak for 10 hours. The control group will not be altered at this point.
Each set (both control and test) will be again divided into two groups. Half of each group will be tensile tested to see whether or not the heat treatment process has reduced mechanical variability in the product, as well as softening it for the rolling process. This portion of the test is merely to gain early insight into the effects of the heat treatment and is subject to changes/removal in the main body of the investigation.
The reminder of the samples are then cold rolled on the cold mill pilot line and heat treated using the laboratory’s CASIM. These processes aim to simulate the conditions found during standard processing for the material. After this process is completed, the samples will be milled and tensile tested. 
Based on differences observed the tensile samples can then be prepared for either optical or scanning electron microscopy.
This process will be replicated multiple times with both the coil end cuts and the coil middle cut. 
If this goes well, we should observe that the material is more homogenous and softer before cold rolling, and once cold rolling and annealing is complete it should have greater formability.
Based on results observed the samples will be prepared for optical and Scanning Electron Microscopy (SEM). Optical microscopy should be sufficient to analyse potential differences in grain refinement while differences in precipitation distribution can be observed via Dispersive X-ray Spectroscopy. Distribution of phases (ferrite, martensite, retained austenite, etc.) can be observed via X-ray diffraction. 
It is important to note that the observations drawn from both microscopy and spectroscopy will largely be illustrative as opposed to quantitative due to the amount of time required for sample preparation. The bulk of quantitative data will come from the mechanical properties observed during tensile testing.

Resources Available for Project
The project will be largely conducted in conjunction with TATA Steel UK’s Product Development Team, as their laboratories will be available for use. Resources expected to be used include:
1) Furnace capable of holding 600°C.
2) Continuous Annealing Simulation Machine (CASIM).
3) Cold rolling mill pilot line.
4) Zwick Roell tensile tester and associated preparation facilities.
5) Optical microscope and associated preparation/etching facilities.
6) Scanning Electron Microscope and associated preparation facilities.
7) X-ray Diffraction is available.
8) Dispersive X-ray spectroscopy is available.
Proposed Project Timetable
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