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Methods
Sample preparation. Dog-bone samples were prepared by spark erosion keeping the long axis along the rolling direction. The sample dimensions are shown in Figure S1a. Samples were grinded and electropolishing was performed with freshly prepared electrolyte with a composition of 100 ml perchloric acid and 300 ml butanol in 500 ml methanol at 20 V and 10°C for 20 seconds. The electropolished samples were marked as shown in Figure 1 with small Vickers indentations with an applied load of 0.12 N to serve as reference points of EBSD patterns and for the EPMA line scan (Figure 2). It was also used to determine the local strain of the sample. The indentations were made 150 μm apart and EBSD mapping was performed between the indentations.  

Tensile testing experiments were performed with a 5 kN Deben Microtest tensile stage, which was controlled by dedicated Microtest software from Deben. The tensile tests were executed with a constant deformation rate of 1.2×10-3 s-1. The local permanent strain experienced by the samples was calculated by measuring the distance between the indentations before and after the tensile test.

Electron back-scattered diffraction (EBSD) was performed using a JEOL JSM 6500F Schottky field emission gun scanning electron microscope (FEG-SEM) equipped with an HKL Nordlys II detector operated with Channel 5 software. A 20-keV focused electron beam with a beam current of approximately 1 nA was applied. The adjacent EBSD maps shown in Figs. 1 and 2 were stitched together using Map Stitcher software. The normal of the sample surface at a working distance of 25 mm was tilted to 70º with respect to the electron beam towards the EBSD detector. The ellipsoid beam spot size was estimated to be 10 × 25 nm2. The distinction between the austenitic face centred cubic (fcc) and ferritic body centred cubic (bcc) phases was straightforward when 9 Kikuchi bands were used to analyze the diffraction patterns. From the Kikuchi patterns, the corresponding orientation of each crystal lattice was determined with the Channel 5 software from HKL Technology developed by Oxford Scientific Instruments. Knowing the rolling (RD), transverse (TD) and normal (ND) directions of the sample, we generated inverse pole figure maps and Schmid factor maps from the EBSD software. Inverse pole figure maps help for analysis of the grain orientations, while the Schmid factors map indicates the relative susceptibility of each grain to deformation slip. In fcc metals, it is well known that dislocation movement occurs in four {111} slip planes with three possible <110> slip directions. Hence, 12 possible slip systems were considered for austenite. The grains having a higher Schmid factor are indicated in red, whereas those with a very low Schmid factor are indicated in blue using rainbow colouring. To avoid strain-aging effects each sample was deformed only once to a desired level of strain. 
Electron probe micro analysis (EPMA) was performed using a JEOL JXA 8900R microprobe with a spot size of 500 nm (electron beam energy 10 keV, beam current 50 nA), employing wavelength dispersive spectrometry (WDS). The points of analysis were located along lines 150 μm in length with increments of 0.5 μm at which the contents of C, Mn, Si and Al were measured. The obtained intensity ratios were processed with a matrix correction program CITZAF [R1]. The composition at each analysis location of the sample was determined according to the X-ray intensities relating to the constituent elements after background correction relative to the corresponding intensities of reference materials. The reference materials used were cementite (Fe3C) for carbon and the pure elements for the other elements (Astimex MM44-25). An air jet was used to decontaminate the sample surface and prevent the deposition of carbonaceous substances. Prior to the measurement, the spot was decontaminated for 30 seconds, followed by the actual measurement for 120 seconds. The analysis depth at every measurement location was 200 nm. In order to avoid the positional errors due to the electron beam drift, the equipment was stabilized for 2 hours before the measurements. 

Transmission electron microscopy (TEM). Electron transparent TEM samples were prepared using standard electropolishing to reveal various phases in the TEM microstructures. The samples for transmission electron microscopy (TEM) were mechanically pre-thinned along the ND-TD plane using SiC paper with roughness from 350 down to 4000. Electropolishing was thereafter carried out in a twin-jet polisher using 5 percent perchloric acid solution at a temperature of –200C [R2]. TEM analysis was performed using Philips CM30T and FEI Tecnai F20ST/STEM microscopes operating at 300 and 200 kV, respectively. Selected Area Diffraction (SAD) was used to distinguish austenite and ferrite phases while Scanning Transmission Electron Microscopy - Energy Dispersive X-ray spectrometry (STEM-EDX) was employed to investigate chemical compositions.

Novel plasma cleaning procedure. The cleaning procedure was optimized by varying the durations of the sequential oxygen and hydrogen plasma exposures. Oxygen plasma cleaning was performed using Spi plasma prep ІІ operating at 13.4 GHz and a power of 100 Watts. Shielded microwave-induced remote plasma (SMIRP) was used for hydrogen plasma cleaning. The plasma was excited using a radio frequency generator with 2.4 GHz and the plasma power was set at 1000 Watts with a duty cycle of 50%. 
Fine-tuning of the plasma cleaning procedure. Our initial EBSD experiments with TRIP 800 steels showed a Kikuchi pattern indexing of about 87%. EBSD followed by EPMA on the same area resulted in indexing of only 10% due to extensive carbon deposition on the surface of the sample. Oxygen plasma cleaning was performed for 10 minutes and it was very effective in removing the entire carbon contamination. It is well known that ultraviolet light generated in the plasma effectively breaks the organic bonds of surface contaminants and that the energetic oxygen species created in the plasma react with organic contaminants to form mainly water and carbon dioxide, which are continuously pumped away from the chamber during the cleaning process [R3]. Nevertheless, the process leads to visible tanning due to oxidation of the steel surface and marked deterioration in the quality of Kikuchi patterns, yielding close to 30% indexing. Plasma cleaning on another sample with hydrogen for 90 minutes showed about 60% indexing with some remains of carbon on the sample surface. Strikingly, cleaning a sample briefly with oxygen plasma followed by hydrogen plasma resulted in the complete removal of carbon contamination and, more importantly, yielded close to 85% indexing of Kikuchi patterns. Visible reduction in tanning was also observed after hydrogen plasma cleaning so that the hydrogen probably reduced the oxygen at the surface of the sample [R4]. An optimal setting was found, whereby the samples were cleaned with oxygen plasma for 3 minutes followed by hydrogen plasma for 40 minutes. The SEM images obtained before and after plasma cleaning can be seen in Figure 2 of the main text. We remark that EBSD/EPMA results shown in Figure 3 correspond to the SEM images in Figure 2. Since our main aim with the Al- alloyed TRIP steel is to understand the role of Mn, Al, and Si we have neglected C in the analysis. Furthermore, the EPMA measurements were carried out with the air jet operated at 40% efficiency, which led to carbon contamination during the EPMA measurements (Figure 2C). Nevertheless, the novel plasma cleaning approach as explained above was very effective in removing the contamination caused by the EPMA line scan measurements which enabled us to follow austenite phase transformation behaviour before and after deformation (Figure 2D).  
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Table S1: Factors influencing austenite stability which lead to transformation, extracted from figures 3, S3 and S4 ([image: image1.png]
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-partially transformed grain).
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Table S2:

The EPMA errors in the individual measurements due to counting statistics are:

	Average elemental analysis
	Si-alloyed TRIP steel (wt %)
	Al-alloyed TRIP steel (wt %)

	C
	0.026
	

	Al
	
	0.014

	Si
	0.044
	0.076

	Mn
	0.099
	0.018


Figure S1 
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Fig S1: Schematic illustrating the (A) the sample dimensions (mm units). The sequential analysis steps are shown in panels (B)-(D). (B) Enlarged view of the electropolished area with four adjacent EBSD mapped regions; (C) EPMA line scan; (D) EBSD mapping after deformation. Plasma cleaning was performed after every EBSD and EPMA analysis step.
.

Figure S2
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Fig S2: EBSD phase identification maps of Si-alloyed TRIP  steel showing retained austenite grains labelled (a1-a9, b1-b3) (A) before and (B) after deformation and EPMA composition profile of (C) manganese, (D) silicon and (E) carbon corresponding to retained austenite grains. The errors in the EPMA measurements can be found in Table S2 of the Supporting Information.
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Fig S3: (A) Inverse pole figure map and (B) Schmid factor map of Si-alloyed TRIP steel showing the orientation and Schmid factors of austenite grains before deformation. 
Figure S4
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Fig S4: (A) Inverse pole figure map and (B) Schmid factor map of Al-alloyed TRIP steel showing the orientation and Schmid factors of austenite grains before deformation. 
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Fig S5: Top: EBSD phase identification maps of the Al-alloyed TRIP steel with the twinned austenite grains labelled as t1-t9 u1-u7. Bottom: corresponding EPMA composition profile of (B) aluminium, (C) silicon and (D) manganese of the retained austenite grains. 
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